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Chapter 3

The Philosophy of Science

3.1 The purpose of this chapter

This chapter introduces the origins and evolution of the
scientific way of thinking. Many of us today take
science for granted, but it was not always present in
human history. In fact, science in its current form has
been around only for about 400 years. One of the main
goals of this chapter is to demonstrate the great
difficulty human civilization had in giving up its
supernatural explanations of the universe and
existence, and adopting a more worldly view. The
ancient Greeks, 2500 years ago, formally entered
humanity on the journey toward scientific thought. You
will see that it took many different great thinkers for
science to evolve past major hurdles of the mind and
spirit. It was a step-by-step process, each step in many
cases taking several generations. First came wild
speculation, followed by the development of respect for
evidence, and eventually giving rise to modern
experimental science. Progress on the development of
science was slow and it almost was snuffed out in the
Middle Ages, a time of great stagnation under the
hegemony of the Church. But once fully formed,
modern science gave humankind a tool that remains
unsurpassed as a way to find things out.

3.2 Science is a creative process that is used to find
explanations

The word, science, is derived from the Latin words
scientia, or sciêns, which means, to know. Science is a
philosophy of finding explanations based upon
verifiable evidence, reason and skepticism. Contrary to
popular thinking, science is not about memorizing a
body of knowledge, it’s a process. This book is not
about the philosophy of science, it’s about the
understandings of how our biological world works  —
understandings carefully revealed through centuries of
steady and rewarding use of the scientific technique.
Science is a tool for developing understandings about
anything that puzzles you. It is versatile. The scientific
approach can be applied to most any mystery you
might face, like fixing your car or balancing your
checkbook.

Most of us learn in school that science is a process
called the scientific method. Usually it is explained as
an experiment performed in response to some
interesting observation. I have always been unsatisfied
with this explanation of science, because it presents

science as rigid, wooden and dull. No wonder many
people hate science. There is much more to the
philosophy of science than experimentation alone.
Science is about a whole philosophy of living and
thinking about the world. Science is about
contemplation and curiosity. It is a valued friend of
people driven by an unquenchable thirst for
understanding. It encourages our minds to wander into
unexplored realms of thought, an exhilarating and
sometimes scary adventure. And adventure it is.
Because science is not for the faint-hearted, since it
provides no shielding against the joys and hazards of
reality. The scientific mind courageously travels
through enchanting and hostile territory alike in its
unending quest to understand. Science is about
discovering the future , which sometimes means giving
up the past. It is about making history, not re-living it.
Science provides not a confining chamber of doctrine,
but an open framework of logic with which to freely
explore our world and ourselves. It untethers and
empowers the spirit, and rewards the mind with the
exhilarating pleasure of its own discoveries — added
fuel for the ancient odyssey of the human experience.

3.3 Understanding nature is best accomplished by using
science

When we think about the term, “science”, why do we
automatically think about things like biology, physics,
and chemistry? It may be that these fields , throughout
human history, have posed the most mysterious and
compelling questions. They are fertile gardens that hold
the promise of helping us better understand
humanity’s place in the cosmos. The question of our
place in nature is tantalizing and irresistible. We all
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wonder occasionally about who we are, how did we get
here, and what this is all about. Throughout the
centuries of scientific pursuit we have learned that
answers to these questions are not immediately
forthcoming. So, scientists and the followers of
scientific discovery must be patient as each chapter of
the cosmic drama is painstakingly unfolded. With each
new layer comes exciting new insights often
accompanied by newer and ever more mysterious
questions. If this journey has taught us anything, it is
that “ultimate truth” is an elusive and probably
unreasonable goal. There will be plenty of work for
scientists for hundreds more generations.

3.4 Scientific thinking was slow to develop

The road to scientific thinking was a long and
uncharted one for humans. As we will see in this
chapter, scientific thought in the west first grew out of
necessity to better control agriculture, the wealth
agriculture brought, and the wars that wealth brought.
Also, the desire to understand the human body
naturally led to scientific explanations as the early
physicians sought relief for their patients. But it was
the ancient Greeks who first boldly discarded the
security of supernatural explanations, and brought the
human mind and human senses to bear on questions
of the universe and the whole natural world. Swirling
scientific debate surrounded the ancient Greek natural
philosophers, such as Hippocrates and Aristotle, as
they exercised the mind to explain things based upon
observable evidence and reason. After Aristotle, science
flourished for about 600 years in the great library of
Alexandria. But with the fall of the Greek civilization
and later Rome, science entered into an extended
period of quiescence. The Middle Ages in Europe, and
its domination by the Church, halted much of science.
Independent thinkers of the scientific persuasion were
scorned or tried by the Church as heretics. However,
the science of the ancient Greeks was re-discovered
after the Middle Ages, during the European
Renaissance. This led to the Scientific Revolution in
which aggressive and refined experimental technique
produced an explosion of knowledge, carrying
humanity into the modern age.

What follows, is a more detailed account of the above
summary. It will help you understand the legacy of
struggle as the human mind extracted itself from
restrictive doctrine and found the courage and freedom
to know the universe for what it is.

3.5 Science challenges the supernatural explanations of
existence

Science developed out of the human mind’s need to
understand its world. It provided a means by which
humans could begin to comprehend the universe in
terms of things they could see, touch, taste, hear and
feel — in other words, in terms of things in the natural

world they could observe. But this is not the only way
to perceive the world. Science is one of two opposite
methods for thinking about reality. Apart from the
scientific view, is the spiritual belief. The spiritual belief
system helped early humans to understand the
complex world that, at the time, was quite beyond their
understanding.

In his book, Science as a Way of Knowing, John Moore
explains that early humans had no alternative but to
interpret their world in spiritual ways. One widespread
notion was that each “thing” in the natural world was
inhabited by a supernatural force that caused the
“thing” to be what it was. In other words, a cat is a cat
because it is occupied by a cat spirit. This ideology was
extended as clans sought power from the spirit inside
living and non-living things in nature. For example,
clans of the indigenous people of North America
worshipped the bears, wolves, coyotes (fig. 3.1), eagles,
and the rain and wind, which they regarded as sources
of spiritual wisdom and power. Some clans would have
a shaman (medicine man) who would enter into and
communicate with the spiritual world, often as a way of
curing illness. These modes of spiritualism persist
today in preliterate people worldwide. Because of this,
anthropologists think these kinds of spiritualism were
present when humans first began to explain their
world. As civilizations progressed, humans began to
put greater faith in their understanding of nature. One
of the first disciplines in which scientific thinking took
hold was medicine.

3.6 Scientific thinking developed in different parts of the
world

It is widely taught that science is a uniquely western
creation, a product of ancient Greek philosophy.
However, this view probably just reflects our lack of
knowledge of other cultures around the world. Our
ignorance partly is because of the scarcity of written
records of ancient cultures. In Lois Magner’s, A History
of the Life Sciences, she writes that scientific endeavors
also were pursued far from the west, in ancient China

Figure 3.1. Drawing of a coyote by
indigenous people of North America.
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and India. In both China and India, scientific thinking
sprung out of their emerging fields of medicine. These
eastern medical practices sought to understand the
workings of the human body in order to cure disease
and repair injuries. Unlike western medicine, they
understood the body as a part of greater spiritual
forces.

The goal of
Chinese
medicine was to
explain the
function of the
different parts
of the human
body. Classical
Chinese
medicine
attempted to do
this by
understanding
the links
between the
human body
and the
theories of yin
and yang (fig.

3.2), and the five phases. The theory of yin and yang
has been imperfectly translated to mean all the pairs of
opposites in the universe like white and black, and
night and day. The five phases refers to a system of
cycles representing destruction and renewal.

India’s, Ayurveda, or the Science of Life, similarly grew
out of the belief that the workings of the body had
spiritual connections. Ayurveda is believed to have
been developed by Brahma (fig. 3.3), one of the major
gods of Hindu religion. According to Ayurveda, health,
illness and bodily functions are controlled by three
primary humors, wind, bile, and phlegm, in
combination with the blood.

Both ancient Chinese medicine and Ayurveda have
evolved over the years and are still practiced today
where they continue to help hundreds of millions of
people. And, their healing powers have not gone

unnoticed in
the modern
west. The
emerging field
of holistic
medicine  in the
western world
is an attempt to
consider the
human body as
more than just
a bunch of
biological
subsystems.

Holistic medicine thinks about the human being as a
unified whole of mind, emotion, spirit, and biology. In
an effort to heal, holistic medicine does not treat only
the biological body. It also takes into account a
patient’s diet, emotional health, and environment.

Interestingly, neither the Chinese nor the Indians had
developed a separate field of inquiry about life, in a
fashion similar to what we call biology today. That is
not to say they were not interested in living things,
because they were. Both Chinese and Indian medical
practitioners developed a huge knowledge base on the
medicinal properties of plants. In fact, nearly all of their
medications are derived from the plant world, and they
remain potent today. For example, Ayurveda has given
us the snakeroot plant. It was traditionally used as a
tranquilizer. Today, modern western medicine extracts
the drug, reserpine, which is used battle high blood
pressure. But the science of life as we know it in the
west had its roots (so-to-speak) not in China or India,
but in ancient Mesopotamia.

3.7 Agriculture in Mesopotamia created an incentive to
understand the world

Mesopotamia was the ancient land between the famed
Tigris and Euphrates Rivers in what now is modern
Iraq (figs. 3.4 and 3.5). It was and remains a fertile
region in which the thirst of an arid land is quenched
by two persistent desert rivers. The Middle East is
considered to be one of the first places in which
humans began to cultivate crops. Here they
domesticated animals and, in so doing, became
domesticated themselves. No longer could they wander

Figure 3.2. Ancient Chinese symbol for yin
and yang.

Figure 3.3. Drawing of Brahma.

Mesopotamia

Figure 3.4. Mesopotamia.
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the countryside in family groups as nomads hunting
and gathering. Instead, they settled down in order to
tend their crops. About 10,000 years ago in the Middle
East, in Mesopotamia, humankind became farmers.

Ancient
Mesopotamia
was a region
capable of
generating
great
agricultural
wealth. It
supported large
settlements
(cities) where
crops of
different
varieties, and
other products
could be
traded. With

agriculture brought wealth, and wealth brought war.
Mesopotamia’s history is a turbulent drama of frequent
conquest as armies waged war for the power to control
and tax the region’s agricultural wealth. Dynasties in
Mesopotamia included the Assyrians, Hittites, and the
Babylonians. One of the first civilizations in
Mesopotamia were the Sumerians from the ancient city
of Sumer (fig. 3.5).

The Sumerians generally are considered to be the
founders of civilization in the western world. Starting
around 3000 BC, the Sumerians developed a crude
alphabet. We can presume that such a written
language would be very useful as a means of governing
a civilization. It would be especially important in the
conduct of commerce. Their ancient writings tell
modern scholars how the Sumerians viewed their
world. They believed that nature and humans were
created by divine forces, and there were many gods to
control this world. For example, sickness was explained
as a sign that the gods were displeased. Still, the
appearance of agricultural wealth provided new
incentives for the enterprising human mind. Despite
their spiritual beliefs, the Sumerians and their
successors began to control their physical world. They
did this by building aqueducts and irrigation channels
to expand and control the flow of water into the region.
They drained marshes, surveyed land, and built flood
control channels. And they began to store food in
preparation for years of poor harvests.

Spurred by the prospect of greater commercial success
made possible by a productive agriculture, the
Mesopotamians began to see themselves as having
more control over nature. In this regime of agricultural
commerce, knowledge of the environment was
something of value. And nothing influences agricultural
production like the changing seasons. Predicting the

seasons on Earth became possible as humans
perfected their observations of the stars. The ancient
Babylonians pioneered astronomy and mathematics (as
did the Mayans in the region of Guatemala and
Mexico’s Yucatan in the years 150-900). Babylonian
priests who could predict the rainy season had great
power, and coveted their technology. These few
examples demonstrate that, in the west, humankind
began to move slowly away from being a cowering,
helpless victim of the gods’ nonsensical whims. With
agriculture and commerce, humans began to see the
world in more objective terms. They began to take
charge of their world by developing technology and
profited by doing so. Their new technology grew firmly
out of a knowledge of the world on the world’s terms.
Humans began to think objectively and scientifically.

Objective thinking began to displace radical subjective
interpretations of the world. The idea that human
existence was entirely controlled by fickle spiritual
powers began to fade around 600 BC. It was then that
new thinkers like Socrates and Aristotle of ancient
Greece (figs. 3.6 & 3.7) began to question nature in new
and more powerful ways.

3.8 Science of the western world originated in ancient
Greece

This section attempts to demonstrate the sequence of
steps the ancient Greeks took toward the development
of scientific thinking. In short, they achieved three
major intellectual milestones. They are:
1) They acknowledged a curiosity of the natural world,

and mustered a willingness to investigate it —
without the aid of the supernatural.
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Figure 3.5. Regional map of Mesopotamia.
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Figure 3.6. Global map of Greece.
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2) They accepted the validity of the human senses to

perceive reality, and the human mind to interpret
those perceptions.

3) They recognized the value of verifiable evidence
gathered by methodical observation.

3.8.1 Asking how the Universe works — the first
steps on an infinite journey

Far from the
metropolis of
Athens, on the
widely
dispersed
islands of the
Aegean Sea, a
new view of the
world emerged
about the time
of 600 BC This
new, objective
way of thinking
was to place
humankind

firmly on the road toward science. It was called Natural
Philosophy, and it distinguished itself in that it was a
totally secular philosophy. In other words, it did not
invoke gods, spirits, or religions. This was a purely
human enterprise in which minds began to seek
natural (and not spiritual) explanations of the universe.
Natural philosophers studied nature. They sought
answers to the ageless questions: “what is this place?
How did it come to be? How did we get here?” Natural
philosophy did not appear instantaneously, fully
matured. Like all human creations of value, it evolved
from humble beginnings.

3.8.2 The early philosophers speculated wildly,
but were usually very wrong

I think of the first stage of natural philosophy as one
marked by wild speculation. The early years were a
time of very inventive explanations about life and the
universe. The earliest philosophers erroneously, and
arrogantly believed they could explain all if only they
could fashion intricate arguments — mostly “out of the
clear blue sky”. Their musings, of course, mostly were
wrong. For example, the founder of natural philosophy,
Thales of Militus (ca. 624 to ca. 547 BC) believed that
the Earth is a large flat disc that floats on water. This
idea sounds silly to us today, as does the then-held
belief that the Earth was the center of the cosmos.
Despite their many incorrect explanations, some ideas
by these early thinkers were amazingly insightful.

Some of the “off-the-wall” speculations made during
this era demonstrated a surprisingly uncanny
perception about the natural world. For example, in an
attempt to explain earthquakes, Thales argued that the
Earth is rocked by disturbances underneath its
surface, just the same way a ship at sea is rocked by

the waves. The modern science of plate tectonics holds
that the continents are shaken by movements in the
Earth’s fluid mantle on which they ride. Presaging
modern ideas about evolution, Anaximander (ca. 611-
547 BC) theorized that land animals are descendants of
fishy ancestors. Later, Xenophanes (576-490 BC) was
the first to recognize the value of fossils. He argued that
everything, including humans, originated from the
water and earth. Noting the presence fossils on high
mountain tops, Xenophanes postulated that the earth
and sea had changed places in the past and shall do so
again in the future. These ideas are certainly consistent
with our modern understandings of evolution and
geology. For example, that the earth has undergone
constant change was the hallmark of James Hutton’s
revolutionary theory of uniformitarianism, which he
proposed in the late 1700s — some 2300 years after
Xenophanes. One of the ethical foundations of modern
biology is the notion that humans share some kinship
with other living things. This view was recognized by
the mathematician, Pythagoras (ca. 582-500 BC), who
saw in nature harmonic relationships that could be
described with numbers. Today, mathematical
relationships between living things form the very
structure of modern, quantitative ecological theory.
Voicing a message that is not too different from modern
environmental thought, the very head-strong Heraclitus
(556-469 BC) saw that nature exists as a balance of
changing forces.

Although these early thinkers had some good ideas,
Heroclitus demonstrated, in a very final way, the
shortcomings of a purely intellectual philosophy.
Heroclitus, like most philosophers before him, believed
that life, the universe, and everything could be
explained largely by force of intellect alone. This idea
was a trap then and is still so today. A tragic story
illustrates the point. In his later years, Heroclitus
developed a medical condition known as edema, in
which the body suffers from a buildup of excess fluid.
Having no faith in practiced physicians, to which he felt
intellectually superior, Heroclitus attempted to cure
himself in the most bizarre way. He buried himself in a
cow stall hoping that the heat from the decaying
manure would evaporate his body’s excess water. It did
not, and the philosopher died buried up to his neck in

cow dung.
Obviously, in the
case of Heroclitus,
intellect alone was
insufficient to the
task. Something
else was needed
— knowledge
gathered by
observation.

How about a nice cow dung sauna?

Figure 3.7. The remains of the Parthenon of
ancient Greece.
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3.8.3 Empedocles recognized the value of

observation and empirical evidence

It was Paramenides of Elea (ca. 500-450 BC) who
suggested that the world, as revealed through the
human senses, was an illusion. According to him,
humans were incapable of experiencing true reality.
Paramenides based his idea on circular logic that
argued since change cannot happen in reality, and
since we humans see change, we must not be seeing
reality. Thankfully, greater minds followed
Paramenides.

Empedocles (ca. 492 to ca. 432 BC) held that the
human senses are, in fact, valid interpreters of reality.
He advanced the notion of empiricism in which the
senses help us to accumulate evidence upon which we
can base our explanations. The idea of empirical
evidence was a crucial ingredient in the development of
science. Empedocles also recognized that our senses
alone sometimes cannot perceive all that is real. For
example, he observed children playing with a
clepsydra, or water thief and a vessel of water. A
clepsydra is a tube-like device with a spherical bottom
with holes in it. When the children sealed the top of the
tube with their thumbs, and dipped the clepsydra in
the water, no liquid entered. But when the top was
unsealed, water rushed in. You can try this with your
soda straw. Empedocles correctly interpreted this
simple experience to mean that air has substance,
although he was unable to actually see it.

This led to the larger understanding that using reason
together with observations could help explain
phenomena that are not directly observable. For
example, it supported the development of such
fundamental ideas as the atomic theory. Offered by
Leucippus and Democritus (both in the early 400 BC)
the atomic theory held that things of substance in the

universe are composed of invisibly small atoms which
fill an infinite void — no doubt an ingenious idea that
would be built upon by modern scientists 2200 years
later. But most importantly, the value Empedocles
placed on evidence was a turning point that helped to
pave the way for greater enlightenment. One area of
intellectual inquiry that clearly benefited from the
concepts of empirical evidence and reason was the field
of medicine. The famed originator of western medical
tradition, was Hippocrates (ca. 460 to ca. 361 BC).

3.8.4 Hippocrates gathered evidence to better
understand disease

Hippocrates’s success as a physician largely was due to
his methodical approach to medicine. Physicians of the
Hippocratic tradition placed great emphasis on
observation and experience in treating their patients.
Less, if any concern was held for theory or speculative
philosophy. And Hippocrates rejected outright
supernatural and magical causes for disease.
Hippocrates was reported to be a careful observer, in
which he made detailed notes of his patients’ ailments.
His accumulated observations helped him make better
diagnoses on future patients. Being able to predict how
an illness would go was important for physicians at the
time. Accurate diagnoses were helpful mainly as a
means of providing moral support to patients who, in
return, developed confidence in their physician. Since
they had very little real understanding of disease,
medications and treatments, the Hippocratic motto
was, “at least do no harm.” They believed that, without
harmful meddling, nature would heal the body. And so
it is today with many illnesses.

Advances by Empedocles

The human senses are valid interpreters of nature.
Our senses can make valid observations.

Evidence is necessary in order to support
explanations. The best explanations have abundant,
verif iable evidence. Explanations without evidence
have little value.

Logical reasoning should be used to explain
phenomena we are unable to directly observe.

Advances by Hippocrates

Observations should be recorded in a systematic way.

The recorded observations can greatly increase the
ability to make good predictions.
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3.8.5 Aristotle set the standard for methodical

scientific inquiry of nature

Aristotle of Macedonia (384-322 BC) was the most
prominent figure and contributor to science among the

ancient Greek philosophers (fig.
3.8). He was the son of a
physician, a pupil of Plato and
tutor to the young Alexander the
Great. He was an inquisitive spirit
who indulged his curiosity about
all that was alive. He spent much
of his later years on the island of
Lesbos where he performed
detailed studies of the creatures
there. And even Alexander the
Great would occasionally send
Aristotle specimens from his
recently conquered and far away
lands. His writings were extensive.

Major works included Natural History of Animals, On
the Parts of Animals, and On the Generation of Animals.
Aristotle’s studies were an expression of his central
philosophy, which was that deliberate and systematic
investigations would yield understandings in all things.
Perhaps inspired by the Hippocratic methods in
healing, Aristotle turned to understanding nature. His
approach called for close and accurate observations,
respect for facts, systematic collection of evidence, and
deductions from facts.  Aristotle’s main contribution to
science came in two forms: 1) a refined method of
scientific inquiry based upon empirical evidence and
deduction; and 2) an enormous collection of biological
knowledge.

3.9 The Alexandrian Library was the first true collection of
knowledge gained by systematic study of the world

The city of Alexandria, at the mouth of the Nile River in
Egypt (fig. 3.9), was founded in the year 332 BC by
Alexander the Great. It was one of the world’s first truly
cosmopolitan cities in which people from many
different cultures (from Alexander’s conquests) lived
and worked. Alexander’s vision of the city was deeply
inspired by his former tutor, Aristotle. Alexander
wanted the city to be a center of world commerce,
culture and learning. The city was famed for its
cultural institutions, including a theater, an emporium,

a museum, and
the remarkable
Alexandrian
Library. I say
that the library
was
remarkable
mainly because
of its main
reason for
being. In his
book, Cosmos,
astronomer,
Carl Sagan,
describes the
life of the great
library at
Alexandria. It

was established in order to support an assemblage of
scholars who were dedicated to exploring the diverse
fields of nature, including physics, medicine,
astronomy, geography, mathematics and living things.
Encouraged by Alexander, and financially enabled by
Alexander’s spoils of war, secular scholarship
flourished. It was to be a glorious, but finite period for
science.

The scholars of the library were the originators of
extraordinary scientific and technological works. For
example, Hipparchus  (2nd century BC) mapped the
constellations and estimated the brightness of stars.
Hipparchus also is credited for discovering the
Precession of the Equinoxes, the principle that the
Earth wobbles on its axis ever so slowly. Twentieth
century climatologists have attributed this wobbling as
the main cause of ice ages. Herophilus (2nd century
BC) founded the first school of anatomy and
determined that the brain, and not the heart, is the
center of intelligence. Heron (1st century AD) invented
the steam engine and his Automata was the first book
of robots.

One of the first directors of the Alexandrian Library was
Eratosthenes (275-195 BC). He is credited with
determining that the Earth is spherical, and in
calculating its circumference. How he did it without the
aid of rockets and satellites is an amazing testament to

Figure 3.8. Aristotle.

EGYPT

Figure 3.9. Global map of Egypt.

Advances by Aristotle

Aristotle popularized and ref ined method of scientif ic
inquiry based upon systemmatically collected evidence.

He produceed extensive writings about his
obserrvations of living things.

Not all of Aristotle's ideas were so good

Aristotle formalized the notion of an Earth-centered,
f inite Universe.

He believed that the human female was a deformed
male, and that, other than providing a place for the
growth of the fetus, she did not contribute in any
substantial way to the development of offspring.
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the inventiveness of the scientific mind. While in
Alexandria, he had read in a book that in Syene, a
village to the south of Alexandria, at noon on June 21,
sticks cast no shadows. But on other days they do cast
shadows. Also at that same time, a reflection of the sun
appeared in the bottom of deep wells. In other words,
the sun was directly overhead. This was a curious
observation to Eratosthenes who was unaware of any
similar observations in Alexandria. In Alexandria,
sticks always cast shadows, even on June 21, the
summer solstice. Something must be different about
the locations of Alexandria and Syene to account for
the presence or absence of shadows. He decided to see
if sticks in Alexandria and Syene will cast shadows of
the same or different lengths. In addition, he
formulated two central hypotheses and made
predictions with which to test his hypotheses. If sticks
of equal length in both Syene and Alexandria cast
shadows of the same length (fig. 3.10), then it is likely
that the Earth is flat (as widely believed). If sticks of the
same length in Alexandria and Syene cast shadows of
different lengths (fig. 3.11), then the Earth must be
curved. Eratosthenes, a mathematician, set about his
investigation. He hired a man to pace off the distance to
Syene, which turned out to be about 500 miles. Then
with sticks properly placed in both cities, the measured
shadows were in fact different lengths. Based upon
these different lengths, Eratosthenes employed some
simple geometry to determine that the angle of
curvature separating Alexandria and Syene was about
seven degrees, or about one fiftieth of a complete circle.
Therefore, determining the circumference of the globe
was a simple matter of multiplication. 500 miles times
50 equals 25,000 miles. This answer is correct to
within a few percent. Eratosthenes demonstrated that
great discoveries can be made with simple tools, a little
ingenuity, and of course a desire to understand.

For centuries after Alexander, the Greek Kings of Egypt
supported the Library. Its facilities and scope of
research grew to include ten research halls, a botanical
garden, a zoo, dissecting rooms, and an observatory.
But the very heart of the library was its collection of
books. They were gathered from many cultures of the
world. Library agents were sent out to scour the world
for books. Ships in the port of Alexandria were
searched by the police for books — books to be
acquired by or copied for the great library. Sagan
estimates there were half a million volumes. But they
were not to survive into modern times. In the year 391
AD, the great library of Alexandria ceased to exist.
Nearly all of its books, and all of its research facilities
were deliberately destroyed, burned to the ground. The
Roman emperor, Theodosius (346-395) proclaimed that
all non-Christian works be wiped out. This act
obliterated centuries of research of incalculable value.
But it was not an isolated act. The destruction of the
Alexandrian Library and all it represented marked the
beginning of a period when human intellectual
enterprise was driven into darkness.

Mediterranean Sea

Red
Sea

Alexandria

EGYPT

Syene

Nile River

Figure 3.10. An illustration demonstrating a
prediction used to evaluate the hypothesis
by Eratosthenes. If equal length sticks in two
distant cities cast equal length shadows,
then the world is flat.

Figure 3.11. An illustration demonstrating a
prediction used to evaluate the hypothesis
by Eratosthenes. If equal length sticks in two
distant cities cast different length shadows,
then the world is curved. What would have
been the result had Syene been directly east
of Alexandria, instead of being south?
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3.10 Intellectual enterprise retreated in the Middle Ages

The Greek empire of Aristotle and Alexander the Great
eventually gave way to domination by the Romans in
146 BC. The Roman Empire crumbled by the year 395
AD. Rome was sacked by Attila the Hun and by
barbarians from northern Europe. Remnants of Greek
civilization persisted in the Byzantine Empire in what is
now Turkey. But in the power vacuum that followed the
fall of Rome, Italy and Europe plunged into chaos —
the beginning of the Middle Ages.

The Middle Ages lasted for about 1000 years, from the
fall of the Roman Empire (395 AD) until the 1300s. This
long period of human history was a time of turmoil and
usually great suffering, especially among the feudal
peasants. In the absence of orderly European
governments, Christianity ascended by default to
become the period’s great controlling force. Secular
inquiry, like that performed by Aristotle and the
scientists in Alexandria, was nearly extinguished.
Ironically, the teachings of Aristotle were selectively
embraced by the Church, especially his views on the
Earth-centered Universe and the insignificance of
women.

During this time, access to education and literature
was severely limited. Young men wishing an education
became monks in monasteries within which they were
taught the dogma of the Church. Books reflecting the
teachings of the Church were meticulously prepared by
scholarly monks. There was no formal system for
educating women. The middle ages was an era in which
secular intellectualism, such as scientific thinking, was
forbidden, as were many of the teachings of the great
Greek philosophers. It was as though all the great
scientific ideas of antiquity were suddenly and
permanently forgotten, and replaced by the traditional
doctrine of the Church. Clearly, this was a very risky
environment for independent thinkers.

A knight's armor is an icon for the Middle
Ages, a time of oppression.

Intellectual pursuits are risky in a world dominated by
"traditional thinking"

The great intellectual advances of the ancient Greek
philosophers came at tremendous personal sacrif ice.
Many were convicted of impiety. Impiety means, "not
reverently observant of religion". For example,
Anaxagoras was banished for saying that the sun was a
red hot rock and not a god. At 70 years of age, Socrates
was codemned to death for corrupting the city's youth
and ignoring the off icial gods. Instead of escaping,
Socrates voluntarily drank the poison, hemlock, as his
punishment for questioning traditional beliefs. Even
Aristotle was condemned for impiety. He died in exile
a year after escaping a death sentence.
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The Inquisition was the most terrifying assault on
independent thought. In the year 1233, Pope Gregory
IX established the Papal Inquisition in which a tribunal
of clergy from the Roman Catholic Church tried non-
believers as heretics, condemning them to prison or
death. For science, time not only stood still, it went
brutally backwards.

3.11 Science was re-discovered in the Renaissance

The Renaissance was a period of European history
roughly between the 1300 to 1600, and followed by
modern times. The term, Renaissance, is derived from
the French word for rebirth. It was marked by the
revival of the values and artistic styles of the ancient
Greeks and Romans. The Renaissance was a prelude to
the modern age, and was characterized by the rise of
the individual, scientific inquiry, geographic
exploration, and secular values.

Science again became politically acceptable.
Renaissance scientists were prolific in their discoveries,
and in their application of scientific techniques to the
development of technology. One technological advance
that probably sped up the Renaissance was the
printing press. Printing and paper-making originated in

China in 105 AD Moveable metal type was invented in
Korea in 1392. Johann Gutenberg (ca 1400 - ca 1468)
was the first European to develop the printing press
using moveable type. Printing presses swept thorough
Europe in the 1500s stimulating a movement toward
literacy and the distribution of ideas. Books were no
longer the sole province of the Church. Instead, books
on a multitude of topics were written and mass

produced. This information revolution helped to further
liberate the European populace from confining religious
and governmental control. Some attribute the American
and French revolutions to the printing press.

The Renaissance had its own collection of great
scientists. Leonardo Da Vinci (1452-1519) was a true
Renaissance figure whose genius led him to art (he
painted the famed, Mona Lisa) as well as such diverse
fields as architecture, military engineering, and
technological inventions. He also had interests in
geology, botany and human anatomy in which his
pioneering drawings were more realistic than those of
his predecessors.

There was much activity by astronomers during the
later stages of the Renaissance. Polish astronomer,
Nicholas Copernicus ventured his very controversial
heliocentric (sun-centered) theory of planetary motion.
This new view of the universe challenged in no small
way the long held belief that the Earth was the center
of the Universe. Copernicus plowed the field for a new,
modern astronomy that later was built upon by Galileo
Galilei (1564-1642), who constructed the first
astronomical telescope, and Johannes Kepler (1571-
1630) who developed a mathematical system for
predicting the motion of the planets.

3.12 Modern science began in the 1600s

Sir Francis Bacon (1561-1639) is generally credited as
being the originator of the modern scientific approach.
At the core of modern science is the process of
experimentation. It is the emphasis on
experimentation, set in the context of Bacon’s overall
approach, that squarely sets modern science apart
from previous times. Bacon rejected a stagnant
scientific community of university scholars. He saw
them as still engaged mostly in deductive explanations
— without the benefit of data. Bacon’s scientific scheme
cleverly and thoroughly provided a productive way to
understand the mysteries of the world. At the heart of
his method were the following principles:
1) Scientists must actively formulate questions about

nature, and then pursue the answer to those
questions. The value of questions is that they focus
the scientist and give an understandable purpose
for their investigations.

2) Scientists must exhaustively collect data pertaining
to the question, and eliminate irrelevant
observations. That is, stay on target and don’t
philosophize about everything under the sun.

3) Bacon recognized and promoted the power of
“negative instances” in which it is far more efficient
to disprove an idea than to prove it correct beyond
a doubt. Ideas that cannot be shown incorrect are
probably the best idea.
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These three simple principles gradually became
incorporated into scientific efforts, especially in new
scientific academies such as the Royal Society of
England. Since Bacon’s time, the science of humankind
has awakened in so many ways and in so many fields.

Probably the first true modern scientist was Sir Isaac
Newton (1642-1727) (fig. 3.12). He is considered by
many to be the greatest scientist of all time. Newton, a
mathematician, explained the motion of the planets in
terms of the way gravity acts on them. He was a
singular genius, who in less than a month’s time,
developed the calculus. The calculus is a branch of
mathematics that deals with constantly changing
quantities, like acceleration and the motion of the
planets. It remains an indispensable tool for the
sciences, business, engineering and space exploration.
The linear mathematics and geometry used by Keplar
were insufficient for Newton’s theories on gravitation.
So he invented a whole new mathematics. Newton
exemplified the emerging spirit of modern science in
which newer and more powerful tools were developed
out of necessity to answer increasingly complex
questions about nature.

3.13 The field of biology developed into many sub-fields

The term, biology was first coined in the early 1800s by
Gottfried Reinhold Treviranus. Building on Bacon’s
admonitions to seek answers to real questions, the
science of living things had progressed from a mostly
passive survey of nature to a probing inquiry of life’s
processes. The field of biology began to diversify into

several sub-fields. Certain major accomplishments are
recognized in the various fields of biology. For example,
progress in the life sciences has been marked by the
following milestones:

3.13.1 Cell theory

Robert Hooke (1635-1703) published fascinating
drawings of his observations of life using a compound
microscope of his design. His observations contributed
to the development of the modern cell theory. Cell
theory recognizes that living things are composed of
tiny cells of different kinds that process materials from
their surrounding environment.

3.13.2 Microbiology

Louis Pasteur (1822-1895) helped to establish and
define the new field of microbiology. His most familiar
achievements were the disproving of spontaneous
generation. Until Pasteur’s work in this area, it was
widely believed that life, especially yeasts, insects, and
worms, could spontaneously appear from lifeless
materials. He demonstrated the fallacy in this belief by
performing creative experiments. Louis Pasteur
developed the process of pasteurization in which milk
and other foods are prevented from spoiling.
Pasteurization kills the microbial life in food with a
combination of heating and cooling.

3.13.3 Evolution

Charles Darwin (1809-1882) (fig. 3.13) and Alfred
Russel Wallace (1823-
1913) independently
prepared the theory of
evolution by natural
selection. This theory
attempts to explain why
there are so many
different kinds of living
things. It recognizes that
there is variety amongst
individuals. Those
individuals that survive to
reproduce then pass on
their traits to the next
generation. As
environments change, the
mix of favored traits will
change, eventually leading

to the development of new kinds of organisms.

3.13.4 Physiology and biochemistry

Claude Bernard (1813-1878) helped establish the
notion of understanding the workings of life from a
chemical rather than a purely anatomical point of view.
He reached his understandings through numerous and
controversial vivisections (dissecting animals alive) in
what he called a “ghastly kitchen.” He is credited with
describing the glycogenic function of the liver, the role

Figure 3.12. Sir Isaac Newton.

Figure 3.13. Charles Darwin
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of pancreatic juices in digestion, and the effect of
curare, carbon dioxide and other poisonous chemicals.
His insights paved the way for modern physiology and
biochemistry, which later discovered such famous
processes as photosynthesis and cellular respiration.

3.13.5 Genetics and inheritance

Austrian Monk, Johan Gregor Mendel (1822-1884)
established the foundations of modern genetics. Over a
period of eight years, his experiments with over 28,000
pea plants yielded striking results that were to forever
de-mystify the basic questions about heredity and
inheritance. His principle findings were that both
parents contribute heredity elements (genes) equally to
their offspring, but only one of the pair of traits is
expressed. Thus the notions of dominant and recessive
traits were thoroughly revealed by Mendel’s exhaustive
investigations.

James Watson (1928 - )
and Francis Crick 1916 - )
(fig. 3.14) worked out the
complex three-
dimensional structure of
DNA. Their work is
heralded as one of the
greatest achievements in
twentieth century biology.
Their collaboration,
combined with the
controversial exploitation
of Rosalind Franklin’s x-
ray crystallographic data,
yielded the now famous
double helix structure of
DNA. This discovery
provided clear answers to

such diverse fields as genetics, cell function, evolution,
and the origin of humans.

3.13.6 Natural history

The field of natural history focuses on descriptions of
different kinds of living things and their environment.
For example, the natural historian might describe the
anatomy, life cycle, diet, hunting techniques and habits
of a golden eagle in the southern Rocky Mountains. The
nature programs you see on television that investigate
the beauty and peculiarities of living things in their
natural habitat are good examples of the parctice of
natural history. The field was supported by Carl von
Linnaeus (1707-1778) whose classification scheme
made it possible to keep track of the many different
kinds of organisms. The prolific naturalist, Alexander
von Humboldt (1769-1850), devoted 30 volumes to in
which he described the interesting plants in equatorial
South America. Natural history supports the more
analytical fields of ecology and evolution by providing
the basic background on the organisms in a given
location.

Figure 3.14. James Watson and
Francis Crick, discoverers of
the three-dimensional structure
of DNA.

3.13.7 Ecology

The term, "ecology," was first coined in 1869 by the
German biologist, Ernst Haeckel. The field of ecology
builds on information gathered by natural history, but
is more analytical. Modern ecology tries to find
quantitatve explanations to account for the
observations made by natural historians. For example,
why are there so few meat-eating animals in an
environment compared to an abundance of plant
eaters? What are the energetic consequences of bird
migrations? Ecologists seek to map out the flow of
energy and materials through the organisms of a study
area to help explain the uneven structure of the
biological community. The originators of this approach
were F. A. Forel (1901) and A. Thienemann (1931).
They developed the concepts of nutrient cycling and
food chains in their studies of North American lakes.
Ecologists also try to explain the changes in population
size that happen amongst the different kinds of living
things in a study area.

3.14 Concluding statements about the history of science

I hope this historical perspective of science gives you a
better appreciation for the amazing investment of lives
and minds that has brought us to where we are today.
Science is no trivial pursuit, and it has come to
humanity at great expense, and sometimes at great
personal risk. Coaxing the mind to abandon its desire
to see what it believes has not come easy. But modern
science has prevailed in convincing the mind to
courageously believe what it sees, in spite of its pre-
conceived notions, and despite the prevailing
traditional views. This realization marked a
fundamental turning point in the development of the
human species and human civilization as well. For
science truly is about knowing our world and
ourselves, helping us to answer the most fundamental
questions we pose during our personal journeys on
planet Earth.

3.15 The philosophy of science is based on several key
principles

Science is a philosophy. The basic goal of the scientific
philosophy is to find out what is going on. As we saw in
the previous sections, science is a purely humanistic
enterprise. In other words, science cannot deal with
supernatural explanations of existence. Science
consults the human powers of observation and reason
to reveal how the universe and life work.

Without a doubt, the scientific method of inquiry is
immensely powerful. Its strength lies in its inviting
structure, providing guidance for systematic
exploration of nature. The architecture for science is
open and somewhat loosely organized around several
main themes. Its design is based upon the concepts of
curiosity, logical thinking, honesty, creativity, and
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skepticism. Its open framework supports creative
thinking, but is intolerant of error, dishonesty,
authority and doctrine. Science developed
independently on all the world’s continents as the best
way to answer questions. It remains the unsurpassed
instrument of discovery.

The following sections describe some of the
fundamentals of scientific thinking.

3.15.1 Science and spirituality can coexist but
must be kept apart

Science often is wrongly promoted as the one true belief
system. But it certainly is not. Science makes up only
one dimension of our multidimensional world. Science
has its limits. Some questions are appropriate for
science and other questions are not. For example, the
science of astrophysics seeks to understand how the
Universe formed. But astrophysics cannot even deal
with the question of why the Universe formed. Does
this mean that people who practice astrophysics should
not wonder about God and the purpose of the
Universe? Does a person need to reject God in order to
practice science? Absolutely not. Most scientists harbor
the same questions about existence as everyone else.
Many scientists are deeply spiritual and religious. But
how can one be a scientist and still believe in God?

This issue causes no end of grief for scientists and
religious advocates, largely because of gross
misunderstandings about the relationship of these two
philosophies. In essence, science and spiritual beliefs
are incompatible philosophies. However, despite their
incompatibilities, they can coexist within an individual
very nicely. The hard part is making sure not to mix
them together. If you do, frustration and confusion
probably will follow.

The panel at right on the Box of Empiricism illustrates
how to think about these two incompatible
philosophies. Human reality is made up of experiences
we can comprehend with the philosophy of science,
and experiences we cannot explain using science.  So,
it is a matter of determining which experiences can be
explained by science and which ones cannot. The
question of human evolution is a good example. It is
one that poses both scientific and spiritual problems.
On the one hand the mechanism of evolution is
eminently available for science to answer. There is
plenty of evidence in many fields that overwhelmingly
supports a natural explanation of how humans evolved
on this planet. However, there are the nagging
questions of an unscientific nature, "Are humans
special? Is there a purpose for humans in the
Universe?"

While I am playing the role of the scientist, I must
discipline myself by confining my investigation within
the very real borders of science. That means I can
freely pursue an explanation as to how humans
evolved. I would do this by gathering evidence then

formulating explanations based solely on that evidence.
If I offer subjective explanations that are not supported
by the evidence, then I have stepped outside the
boundaries of science. To the extent I step outside the
boundaries of science, I am no longer practicing
science. Does this mean that I am forbidden, as a
human being, to ponder the question about the
purpose of humans in the Universe? No. I can wonder
about these questions too. It's just that as I wonder
about them, I am thinking beyond the boundaries of
science. I am thinking spiritually, not scientifically. Is
this OK to do? Of course, I'm human and I am
unwilling to limit my imagination to strictly scientific
questions. But I must remember that when I am
thinking spiritually, I am not practicing science, and
when I am thinking scientifically, I am not being
spiritual.

Just because science cannot deal with a particular
question, it doesn't automatically mean that the
question is unworthy and should not be asked. It just
means that science won't be any help in finding an
answer. For example, just because science cannot help
us to find or understand God, it does not mean that
there is no God. It just means that as we seek answers
to spiritual questions, we must use methods other than
science. Because the question of God exists outside the
territory of science, science can neither dispute nor
confirm the existence of God or any other spiritual
belief. For example, let us assume that you believe in
God. The scientific mind is not going to say that you
should not have that belief. Science cannot prove that
something does not exist. Therefore, science cannot
make the claim that God does not exist. It is just that
in the absence of convincing physical evidence, the
scientific mind simply will not share your belief. By
definition, science is completely unaware of and
uninterested in elements of the supernatural --
whether they exist or not. However science correctly
challenges claims of supernatural causes to natural
phenomena (see box at left).

In short, the human personality has many sides to it
that cannot be denied. I cannot deny my intellectual
curiosity about life and living things. Yet, I also cannot
deny the subjective love I have for my family. Together,
objectivity and subjectivity add tremendous richness,
diversity and interest to my life -- although I endeavor
to keep subjective feelings of emotion and spirituality
separate from objective realities of the physical
Universe.

3.15.2 Science is different from other
philosophies?

Science is a philosophy that may not be for everybody
all the time. It places the scientist squarely in the
domain of the unknown, a world with limitless
possibilities. To some, this can be exciting and fun. To
others, not knowing now is intolerable. At the very root
of science is the understanding that there can be no
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Religion M y s t i ci s mScience

GOD

Science

SPIRITS

SOUL

HUMAN
PURPOSE

Humans experience reality in many
dif ferent modes. During the day, we
usually shif t from one mode to another
without thinking about it. Natural
philosophies, like science, must be dealt
with while operating in the mode of
empiricism. And when we consider our
spiritual beliefs, we are free to explore
areas that science cannot. I distinguish
between these dif ferent ways of knowing
as if I was wearing a hat that def ined my
current philosophical mode. For
example, when I am dealing with
scientif ic issues, I am wearing my ‘science’
hat. When I am dealing with spiritual
issues, then I am wearing my ‘spiritual’
hat. I cannot wear both hats at the same
time. If I try to, well, I look pretty silly.

Being an empiricist all the time is
probably impossible for us human types. I
don’t know that it would be such a good
idea. We are very social animals and
much of the joy we have with each other
has nothing to do with empiricism. But
when it comes time to be an empiricist
then we must accept the constraints that
empiricism imposes on our

interpretation of the world. When we
decide to think empirically about a topic,
we must put on our science hat and step
into the Box of Empiricism.

The Box of Empiricism is my way of
describing how empirical thinking places
constraints on how we can experience
human reality. While inside the box of
empiricism, we can experience reality only
in empirical ways. We cannot see outside.
We are unaware of our spiritual yearnings.
We are unaware of God. To us inside the
box of empiricism, we cannot consider
that humans have purpose. These ideas
never occur to us. We have no hunch that
today is the day to win the lottery. All
these ideas lie outside the box. While
inside the box we are not obliged to deny
our non-empirical philosophies. They are
still part of our life’s reality. They will be
waiting for us when we emerge. Except
that while we are in the box, they are
momentarily put on hold. If we sense

God or spirituality while we think we are
in the box, then we are not in the box.
The box walls are opaque to such ideas,
and the only way to sense them is to
open the door and peak out. Once the
door is opened the box no longer is a
box of empiricism. It can only be so with
us fully inside and the door sealed shut.
The tiniest leak of spiritual or non-
empirical belief contaminates the box.
Residency in the Box of Empiricism is an
either-or proposition.

Luckily, we are free to move into and out
of the box whenever we want. We can
change hats many times a day. And we
are free to express how we experience
reality in both places. Some of us like it
inside the box and spend more time in
there. Others hate it and f ind that their
lives are better outside. Each person will
set tle on their own particular style.

Panel 3.?. The Box of Empiricism

absolutes, and no unchanging truths. What I have just
said may be different from the way you have been
taught science. According to scientific philosophy, there
is no authority greater than evidence, logic and
skepticism. Absolute truth has no place in the scientific
pursuit of understanding. But honesty does. Science
encourages open debate. It is unlike many religious
philosophies around the world. In general, many
religions promote firmly established doctrine and
discourage criticism of their ideas.  Although religion
helps comfort the soul on our individual journeys, it
does not provide the framework for discovery. Many
religions embody an uncompromising view of the world,

reinforcing an established body of traditional beliefs
and discouraging competing ways of thinking. On the
other hand, science steadily refines views of our
existence.

3.15.3 Science constantly seeks to overturn its
current understandings

Science is a paradox of conservatism seeking
revolution. Curiously, science reinforces itself by
seeking to overturn its current understandings in
pursuit of better explanations. But this does not
happen without pain. Science survives by causing the
death of false ideas. You could say that it feeds on
itself, sacrificing the old for the new. Science is in
unending pursuit of revolution, thereby ironically
preserving itself. Although science now rests on many
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Despite that we live in "modern" times,
popular culture remains fascinated with
the supernatural world. Network
television feeds this popular interest by
broadcasting programs that promote
belief in the supernatural.

Below is a list of supernatural items.
Their practitioners claim that
supernatural powers and entities can
inf luence the physical Universe. Although
these may help us endure our lives in
many subjective ways, the scientif ic mind
is unconvinced of their actual presence
and influence in the physical Universe.

Mind-reading: Extra Sensory Perception
(ESP).

Science clashes with claims of supernatural causes for natural phenomena

Fortune-telling: Astrology, Tarot cards,
palm-reading.

Psychokinesis: Bending a spoon with the
power of the mind.

Channeling: Contacting the spirits of
previous lives

Gods:

Faith healing: Charismatic individuals that
act as a conduit for the healing powers
of a god.

Fire-walkers: People who claim that the
power of the mind protects their feet
while walking across hot charcoal.

Guardian Angels: Someone to watch
over us.

Ghosts: Restless spirits of the once-
living.

Vampires: Bloodthirsty, immortal,
human monsters.

Werewolves: Cousins of the vampires.

Unidentif ied Flying Objects (UFOs):
Spacecraft from alien planets.

Crop circles: Beautiful geometric
pat terns appearing in wheat f ields near
Wiltshire, England.

To overturn orthodoxy is no easier in
science than in philosophy, religion,
economics, or any of the other
disciplines through which we try to
comprehend the world and the society
in which we live.

Ruth Hubbard, U.S. biologist. “Have only
men evolved?”, in Women Look at Biology
Looking at Women, edited by Ruth
Hubbard, Mary Sue Henif in, and Barbara
Fried, 1979.

We have described the principle of
induction as the means whereby science
decides upon the truth. To be more
exact, we should say that it serves to
decide upon probability. For it is not
given to science to reach either truth or
falsity... but scientif ic statements can only
attain continuous degrees of probability
whose unattainable upper and lower
limits are truth and falsity.

H. Reichenbach in Erkenntis, 1930, p. 186.

Once put forward, none of our
‘anticipations’ are dogmatically upheld.
Our method of research is not to defend
them, in order to prove how right we
were. On the contrary, we try to
overthrow them... we try to prove that
our anticipations were false...

Sir Karl Raimund Popper, Anglo-Austrian
Philosopher, in The Logic of Scientif ic
Discovery, 1959, p.29.

Modern philosophers speak out about science
The scientif ic mind does not so much
provide the right answers as ask the right
questions.

Claude Levi-Strauss, French
anthropologist, in The Raw and the
Cooked, “Overture”, 1964.

It is sometimes important for the
scientist to know how to forget the
things she is surest of.

Jean Rostand, French biologist, in Pensées
d’un Biologiste, 1939; reprinted in The
Substance of Man, “A Biologists
Thoughts”, ch. 7, 1962.
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embedded theories (that are unlikely to be proven
wrong), there is always the chance that some new
discovery will overturn our current way of knowing the
world. Therein lies the peril, excitement, and suspense
of science.

In science, glory belongs not to the initiators and
followers of the one ancient belief, but to the finders of
the new and destroyers of the old. However in science,
like all adventures, glory is fleeting. The scientific
pursuit of understanding can be disconcerting in this
way. We cannot predict when what we know today will
be shown to be false tomorrow. The prospect of
revolution is both a threat and an irresistible reward.
For the purpose of science is not to build empires of
doctrine but to find out what is going on. However, this
noble pursuit, like all human enterprises, is not always
executed with purity of intent. Scientists are, after all,
human, and they bring with them all the frailties of the
human spirit that can work at cross-purposes with the
goals of science.

The community of science is a turbulent duality of
revolution and empire. Scientific discovery does not
automatically overturn old ways of thinking. In reality,
the established scientific community often resists new
ideas. So, for all its perfect intent to promote newer and
larger understandings, science frequently leads to
newer and larger egos that discourage progress.
Perhaps this is because, despite its power to promote
change, science is an inherently conservative
enterprise. Therefore if change is truly forthcoming, it
must be supported by evidence powerful enough to
overthrow the inertia of a generation of smug knowers.
That such revolutions repeatedly occur attests to the
resiliency and unstoppable power of the scientific
process. For whether believers of the “old school” like it
or not, everybody loves a winner, and science is not
about preserving the old, it is about seeking successful
and winning new ideas.

3.15.4 Science accepts that nature is knowable
and predictable

Scientific thinking is possible because we see time-
after-time that nature occurs in consistent patterns.
Therefore, much of our natural experience is
predictable. For example, all of us have made the
simple observation that the sun rises and sets at
regular intervals. The sunny sky is always blue. Gravity
always works to hold us down. These constant and
repeating patterns tell us that nature is stable, that it
happens not in entirely random ways but in ways that
we can predict. The realization and acceptance of this
idea was a turning point in western civilization. It
implied that the world was not entirely governed by
supernatural forces. We saw above how the
Mesopotamians and ancient Greeks began to study
nature’s patterns more than 5000 years ago.

Humans have proposed that the consistency of
patterns in nature must be controlled by fixed,
principles that lay the foundation of all natural
happenings. It is the discovery and exploration of these
mysterious principles that drives the inquisitive
scientist. And it is the reliability and predictability of
nature that provides a measure of security for the
investigator while she tries to figure things out.

3.15.5 There is value in creative thinking and
speculation

Creative thinking and speculation have their place in
the scientific process. Cultivated in the daydreams of
busy minds, they provide the new and unusual ideas
which are the seeds of scientific adventure. Ideas of the
bizarre are the playground of the imagination. They
enable us to visualize worlds that aren’t, but might be.
Fanciful visions themselves are often the starting point
of scientific journeys. Most lead nowhere. For example,
the ancient Greeks developed highly elaborate and
completely wrong ideas about the universe. Of course
they did so without the benefit of much information.
But once in a while creative musings beckon the
scientist and all of humanity into previously
unimagined regions of reality. Sometimes crazy notions
are great. The sidebar story about Albert Einstein is a
classic example of how an active imagination, and
expertise in the tools of science can lead to remarkable
discoveries.

3.15.6 No knowledge is absolute

No knowledge is absolute. Science is a process for
finding new things out about our world. It
acknowledges that what it knows to be so today may be
shown to be wrong tomorrow. Given the vulnerability of
all ideas, science speaks not in truths, but in terms of
possibilities. There is a caveat I wish to add to this
statement. Modern science has revealed many
understandings about the universe that, at this stage,
are unlikely to be proven false. These established ideas
are called embedded theories. Examples of embedded
theories, or embedded ideas include, the atomic theory,
cell theory, modern genetics and more. The point is
that much of our current understanding of the
universe is relatively secure. Still, our knowledge in
many areas is incomplete and uncertain. For example,
ideas on the origin of life are far from taking solid form.
And the issue of the origin of the Universe itself has not
been settled. So, ideas that attempt to explain these
areas of uncertainty are not presented as absolute
knowledge, but as possible explanations. And despite
the presence of embedded ideas, science still provides
the framework and opportunity to overthrow even
them.
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3.15.7 Scientific ideas are judged by the evidence

Empedocles and Anaxagoras of ancient Greece
established the requirement for verifiable evidence in
the pursuit of scientific understanding. Today, all
understandings proposed by science are alike in their
demand for evidence. Evidence is the wealth upon
which the scientific economy is based. Without
evidence, you cannot enter the marketplace of ideas.
And when you do, all others are free to critically inspect
your goods in order to determine their true worth.
Without evidence, all your ideas are so much idle
speculation — no matter how important you are. As
fundamental as the possession of evidence is, it is not
always self-explaining.

3.15.8 Logical reasoning and skepticism assess
the meanings of the evidence

Empedocles demonstrated that evidence alone does not
always lead to awareness of the true reality of nature.
Reason must be added. Consistent with the teachings
of Empedocles, science today uses the logic of the
human mind to analyze the evidence it discovers. And
in so doing, the mind spices its assessments with
heavy doses of skepticism. The history of scientific
discovery has taught us that evidence is frequently
mis-interpreted. In fact, when probing the frontiers of
knowledge, we are more likely to make mistakes. The
purpose of scientific skepticism is not to provide
careers for a generation of nay-sayers. Its purpose is to
deliver us from wrong ideas.

3.15.9 Scientific opinions cannot be dismissed

with the wave of a hand

With the wave of a hand, scientific viewpoints often are
dismissed by critics on the grounds that such ideas are
"just opinions". This often happens while laboring
under the false assumption that compared to spiritual
"truths", opinions of any kind are little more than
arbitrary speculations.

A dismissal of this nature demonstrates ignorance
about the scientific process itself. While it is correct
that science cannot (by its very own structure)
establish absolute truths, this is not to say that
"opinions" reached by scientists are therefore
worthless. All scientists strive to interpret nature as
best they can. They do this by carefully examining the
accumulated evidence and interpreting it honestly and
rationally. Sometimes a scientist's investigation will
lead to some new insight into the workings of nature.
Then the investigator communicates his findings
which, under the terms of scientific inquiry, are
understood as the scientist's "opinion." Are scientific
opinions valuable? Every objective thing we know about
nature, gravity, the motion of the planets, the tides,
sexual reproduction, the seasons, genetics, and
medicine is knowledge we freely accept, although all of
it is based on scientific opinion. If scientific opinons are
so worthless, why do we seek a doctor's opinion when
we are ill or injured? Why not ask the bus driver and
save $100?

Alber t Einstein applied his imagination in scientific ways

It was Empedocles of ancient Greece
who recognized that our senses alone
may not fully report reality. He argued
that observation combined with reason
would reveal a universe unperceived by
the senses. Albert Einstein was a believer
of this insight. The story of Albert
Einstein is probably the best example of
a man driven by an insatiable imagination.
He had an enormous capacity for
contemplation. In the early 1900s Einstein
worked as an examiner of applications at
the Swiss Patent Off ice. In his spare time,
he imagined properties of energy,
matter, time and gravity in such unusual
ways, that if true, they would
revolutionize all of physics. But Einstein
did not propose that even he, himself
accept his far-flung speculations without
some justif ication. Neither did Einstein

expect others to believe, without
explanation, his flights of physics fancy.
So, he set about to examine his
inspirations, and the tool he chose was
mathematics. Laboring over his
calculations, he was rewarded by the
discovery that his new thinking had
potential. The power of mathematics
guided his search for explaining such
phenomena as the properties of
photons in light. And in 1905, Albert
Einstein presented to the scientif ic
community his Special Theory of

Relativity. This was to be a revelation of
the properties of matter, energy, time,
space and gravity that would shake the
science of physics to its core. This theory
started with a person wondering about
the unknown. Without creative thinking,
there can be no great ideas. And without
the freedom to think, there can be no
creative thinking.



The Philosophy of Science 41
Copyright© 1999 by Tom E. Morris. http://www.planetarybiology.com

This DRAFT document is an excerpt from Principles of Planetary Biology, by Tom E. Morris.
A further misunderstanding occurs when critics
assume that all opinions are created equal --which they
are not. Some people believe that all opinions,
regardless of their background, should be given equal
consideration. This false notion seems to be an
inappropriate extension of democratic principles in
which "all men are created equal." In a paper
addressing this problem, geology professor E. Kirsten
Peters noted that some introductory geology students
had the misguided impression that their uninformed
ideas about geology were just as valid as those of an
experienced, practicing geologist and should be given
equal consideration. Peters rightly points out that
opinions based on ignorance have little value in the
scientific world. Although all of us are free to disagree
with scientific opinion, the weight of our disagreement
is measured by the body of evidence and reason we
bring to our argument. And if we have no evidence, it is
we who are dismissed.

3.16 What science does, and what science does not do

I thought it would be helpful to take all the above
philosophical explanations about science and condense
them into the essential ideas.

3.16.1 What science does
1. Science courageously accepts that our minds have

the intellectual capacity to understand and
appreciate the workings and beauty of our world,
nature, and the cosmos.

2. Science provides an open arena in which all ideas
can be freely discussed and evaluated.

3. There are times when wild speculation can be
helpful in opening up a new channel of inquiry.

4. Ultimately, all ideas must be supported by evidence
if they are to survive.

5. Science attempts to understand and describe
nature using the simplest possible explanations.

6. Scientific investigators arrive at the simplest
possible explanation by attempting to falsify all
possible explanations (hypotheses). The one
hypothesis that cannot be shown false, remains as
the most likely explanation... for the time being.

7. Science recognizes that what it holds to be true
today may be shown to be false tomorrow. Old
ideas sometimes are casualties, as science learns
more about what is going on.

8. Scientific thought seeks understanding about
nature, and follows the road toward these
understandings, wherever that road leads -
destination unknown.

3.16.2 What science does not do
1. Science does not attempt to find or create evidence

to support preconceived ideas. In other words,
science does not establish a belief and then go in
search of evidence to support this belief, while
ignoring evidence that argues against it. Nor does it
manufacture or manipulate evidence misleadingly
in order to support its claims.

2. Science does not profess to have all the answers,
nor does it claim that its current understandings
are absolute, permanent, and never changing.

3. Science does not cling to old theories and defend
them against the crush of new, scientific ideas.

4. Science does not admonish you to believe its
understandings. It has no political agenda. There is
no threat of a penalty if you choose to ignore
science.


