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 Preface

“Principles of Biology: Animal Systems” is a part of
the college-level Principles of Biology course
series textbooks. It is a tutorial written in questions
and answers format to describe the principles of anatomy and
physiology in the biological systems, including evolution and the
functions of each organ system.

It is a study guide with in-depth explanations. Each
section is a modular unit that is self-contained for easy reading.
The principles and concepts are introduced systematically so
students can learn and retain the materials intuitively.
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1.Biological System

Objectives


	
Understand the different levels of organization in
the biological system





Concepts to Learn


	
Understand life as a dynamical process



	
Understand system phenomena
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1.1.Organization of the Biological System

Objectives


	
Understand the different levels of organization in
the biological system





Concepts to Learn


	
Understand life as a dynamical process



	
Understand how a system can be formed by the
interactions of its components



	
Understand how complex phenomena can be created in a
system



	
Understand how life is formed as a system



	
Understand the evolutionary process



	
Understand how life can be formed using an
evolutionary process without intelligent design



	
Understand different levels of organization in the
biological systems



	
Understand different levels of description in
sub-disciplines of biological studies



	
Understand the interplay between these different
levels of description from physics and chemistry to physiology and
ecology





 


Biology is a study of life. The study can be
examined at different levels — from organism level to organ level
or cellular level, or any level we want to define. Each level of
description can reveal different embedded systems. Each of these
systems can be interpreted as functioning at different levels.
Collectively, they produce the behavior we observe in the life
forms we know on earth. These systems improve gradually in the
evolutionary process driven by random variations in microscopic
scales, yet the resulting end-products are gradual adaptation to
the environment that may increase their survivability. This process
results in the variations in species that exhibits as diversity in
the biological system.

Life is an emergent property that exhibits as a
result of the functional interactions of its components. Life is
formed by a system. A system is a collection of interaction parts
that can produce functions that its components may not exhibit.

For instance, the biological system is composed of
plants and animals. An ecosystem is created as a result of the
interactions of the plants and animals. A circulatory system is
created from the pumping of blood by the heart into the blood
vessels. A heart is a system of muscle fibers arranged in a
spherical shell configuration such that when the cardiac muscles
contract synchronously, it will produce pumping action. The pumping
action of the heart cannot be found in the muscle fiber itself.
Thus, the pumping function is an emergent property of the system.
Similarly, the circulatory function cannot be found in either the
heart or the vessels by themselves; thus, the circulatory function
is an emergent property of the circulatory system.

The biological system can be considered as composed
of many different levels of organization, from higher-levels (such
as the ecological level and organismal level) to lower-levels (such
as the organ level and cellular level). There are different
sub-disciplines of biology that study the system at these specific
levels (with different levels of description). For instance,
ecology describes the system at the ecosystem level, physiology and
anatomy describe the system at the organism and organ level, cell
biology describes the system at the cellular level, etc.

Evolution is an iterative process of elimination in
which the solution is explored by a random trial-and-error process.
It goes through a fitness test in each of its iterations in which
successful trials are retained while failed trials are eliminated.
The successful trials are accumulated and pass onto the next
generation for iteration again. Thus, by this process of
elimination, successful solutions are arrived at eventually even
though the trial-and-error process is randomly executed without any
prediction of results. Design process is similar to evolutionary
process using a trial-and-error method, except that the prediction
of possible results based on theory and models reduces the number
of random trials in the process of elimination.

Summary

Life is a process that requires dynamical
interactions of its components to produce the desired functions. It
is formed by a system of interacting parts. Life, as we known on
earth, is an evolutionary process that performs trial-and-error by
mutation of genes, which then undergoes the survival test in the
process of elimination of the successful trials, which are then
passed onto the next generation by accumulating the successful
trials either by genetic traits or by acquired traits.
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 1.2.Life as a Process

Concepts to Learn


	
Understand life as a process





Objectives


	
Understand the definition of life as an autonomous
self-regulating process



	
Understand life is a dynamical process rather than a
static entity





 


Biology is a study of life using the scientific
methodology. Life is a dynamical process in which the interaction
of components results in the emergent property of life. When the
interacting parts are functioning, the system is alive. When the
interacting parts are not functioning properly, the system is sick.
When the interacting parts are non-functional, it is dead.

One of the characteristics of life is that it
usually is a self-contained entity, which is autonomously
functioning in its environment. Autonomous is the ability to
function by itself as an independent entity. It regulates and
controls by itself. It may be inter-dependent on each other because
most systems rely on other systems to function properly, but it can
at least function autonomously.

A dynamical process is a process that changes over
time rather than static (fixed). Life is a dynamical process
because life only exists when the system is functioning. Life is
not a static entity, i.e., it exists as a result of the
interactions of the components, which produce the working functions
of an organism.

Life on earth is an emergent property resulted from
the dynamical interactions of the biological system which functions
with the environment to produce its action. A system is composed of
interacting parts whose emergent properties may not be found at the
constituent level. The collective functions resulting from the
cooperation of its parts will exhibit as the behavior of the
system. Each of these systems can be decomposed into different
level of description and organization. These levels of description
can be expressed at the cellular level, organ level, organism level
or ecological level. Each species evolves slightly differently in
the process such that the end-products as we observe now at these
levels are slightly different for each species. The evolutionary
process shows gradual changes over time that are cumulative of its
predecessors, which can branch off into many different directions.
Random variation is the driving force in the evolutionary process
even though the end-products of evolution are very systematic and
progressively improving in its survival success due to the natural
selection process. Without the cumulative process in successive
generations, life would not have evolved, as we know it today.

Summary

Life is a dynamical process resulted from the
interactions of the components that produce the working function of
an organism. The one of characteristics of life is that it
functions autonomously as an independent entity, although most
organisms inter-depend on each other for survival.

 


Q&A

What is biology?

Biology is the study of life (bio = life; -logy =
study of). It is a life science.

Biology is the study of life, as we know it on this
planet earth. In other word, it studies the life forms that are
specific to those evolved in this earth (in this biosphere). It
usually excludes the life forms of other planets or from other
parts of the universe.

What is life?

Life is a phenomenon that emerges from the
interactions of the components of a system operating
autonomously.

Although there are many definitions of life
depending on the particular perspectives, the commonalities among
all these definitions is the fact the autonomous self-sustaining
functions that interact with the environment. That is, it is the
functioning that defines life; thus, life is a process rather than
a static physical entity. A biological organism is an autonomous
being that has the ability to sustain its own functions by
itself.

Simply put, if an autonomous being is able to
function by itself, it is alive. If it is not functioning properly,
it is dysfunctional, or sick. If it is not able to function
completely, it is dead.

In fact, it is easier to define death in the sense
that if it is not functioning at all, it is dead. The same
principle can be applied to other inanimate objects, such as a dead
battery or a dead car, when it is not able to function at all.
Thus, living or dead is defined by the dynamical process of
functioning rather than by the static, physical attributes.

What are the characteristics of life?

The characteristics are self-sustaining and
functioning in an environment.

Reproduction is not necessarily required in life
since there are many examples of sterile animals that don’t
reproduce, such as worker ants and worker bees, and are definitely
living animals.

The ability to self-sustain and functioning in an
environment is one of the common features of life forms, although
most life forms are not entirely independent of each other because
they are all interdependent. Yet it is the ability to self-sustain
and function that characterizes the individual as being alive. When
the individual life form ceases functioning, it is generally
considered as dead, or at least dysfunctional.

What is autonomous?

Autonomous is the ability to function by itself.

Autonomous is not necessarily functioning
independently, but rather it can function interdependently. That is
to say, an animal has to rely on food to function, so even though
it can function autonomously, it is not independent of other
factors. Autonomous means that it can operate on its own and it is
controlled by its own self-regulation, rather than controlled
externally.

A colony of plants and animals is an example of
autonomous and yet functioning interdependently. We will explore
the concept of systems phenomenon in the next section to explain
how interdependence occurs in a system that forms the foundation of
biological systems.

 


Review Questions


	
What is life?



	
What is a dynamical process?



	
What is an autonomous being?





Critical Thinking Questions


	
Why is life not a static entity?



	
What happens to life when an organism dies?



	
Why is reproduction not necessarily essential to
life?
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1.3.Biological Systems

Objectives


	
Understand what a system is and how it is formed





Concepts to Learn


	
System as a dynamical process



	
Life as a system



	
Emergent properties



	
Multicellular vs. unicellular organisms





 


A system is composed of a collection of many
interaction parts, yet the resulting interactions produce some
properties that the individual components do not have. Thus, a
system is more than the sum of its parts put together. For
instance, the circulatory system is composed of the heart, blood,
and the blood vessels. The ability to circulate materials in the
body relies on the interactions of the heart, blood and blood
vessels. Yet circulatory motion is not found in either the heart,
the blood or the vessels, although the heart performs the pumping,
the blood provides the medium for materials to flow through and the
vessels provides the network for transport. Together they form a
system that operates in concert for the system to function
properly. If any of the components are not operating properly, it
leads to the dysfunction of the system. It is sick in terms of the
organism. If the entire system stops functioning, then it is
dead.

Life is composed of a system, in fact, multiple
systems put together — in animals, it includes the nervous system,
sensory system, motor system, endocrine system, reproductive
system, circulatory system, respiratory system, renal system,
digestive system, immune system, etc. The result of the interaction
of these systems produce yet another emergent property that becomes
what is known as life. Because we often cannot find the properties
of the system in the components themselves, so is life — life
exists as an entity in the system at the organism level but life
does not exist in the components themselves, i.e., it does not
exist in the organ level or in the tissue or cellular level.

Emergent property is the property that exhibits at
the system level as a result of the interaction of its components.
The emergent property cannot usually be found at the component
level. For instance, thinking and learning is an emergent property
of the brain (as a system), but thinking and learning cannot be
found at the neuron level. The interactions of the neurons will
result in thinking and learning.

The advantage of a multicellular organism over
unicellular organism is that it operates as a system in which the
system as a whole can survive even though the components are
missing, such as missing a limb. It is because an organism relies
on the “interactions” of the components to survive rather than
relying on the individual “components” per se to survive. That is
the dynamical property, which we found in life or in an
autonomously functioning organism.

Summary

System is composed of many interacting parts that
work together to produce some functions that cannot be found in
each of its components. The resulting phenomenon from the
interactions of its parts produces the emergent properties that are
not exhibited at the component level. Thus, life is a phenomenon
exhibited at the system level, which is resulted from the
interactions of its parts to produce the desired functions.
Multi-cell organisms have the advantage of a system in which even
if it components failed, the organism as a system can still survive
compared to a unicellular organism.

 


Q&A

What is a system?

A system is a collection of interacting components
that exhibits collective properties that individual components do
not have. A system is more than its parts put together.

That is, a system is bigger than the sum of its
parts put together. In fact, when you put the parts together,
something new can come out of it that the parts do not have.

For example, the circulatory system is a system that
is composed of the heart and the blood vessels. By putting the
pumping heart and vessels together, then it produces a system of
circulation that delivers materials to the body. The circulating
ability is emerged from the system that neither the heart nor the
vessels can do by itself.

By the same token, the heart is also a system that
is made of cardiac cells. The pumping ability is an emergent
property of the system that none of the elongated cardiac cell can
perform. It is the arrangement of the cardiac muscles in a
spherical shell that provide pumping action when they contract. If
the cardiac cell is contracting by itself alone, it cannot produce
pumping action. That is why a system, as a whole, can perform
functions that its individual components cannot. The function of
the system is produced by the interactions of its parts. In this
example, the pumping action is produced only when the cardiac
muscles are contracting synchronously. If they are contracting
randomly, no pumping action can result. That is why the precise
function is determined by how they interact.

Biological system is an example of a system that is
composed of many components, such as plants and animals. The
ecosystem is a system that is composed of the interaction and
interdependence of plants, animals and the environment of the
living things called the biosphere in this earth.

Another example of a system is the social system,
which is composed of people interacting with each other. We call
such social system a society. Note that society exists only when
there are interactions among people. However, you cannot find
society in the people itself. Thus, society is not a physical
entity, but a dynamical property that only exists when people are
interacting. When people are not interacting, the society
disappears. Similarly, physical systems are composed of physical
objects.

All these systems are resulted from the interactions
of the components. Without the interactions, the systems phenomenon
would not be exhibited. In other words, if the plants and animals
were not interacting, then there would not be an ecosystem; in
which case, the system is “dead.”

What is life as a system?

Life is essentially a system phenomenon in which the
components are interacting with each other to produce the
functioning system.

In other words, life is composed of interacting
components that are functioning, which is essentially a system.
When the components are not interacting or if they are not
interacting properly, the system malfunctions. Life only exists
when the system is functioning, i.e., the components are operating
properly.

Life is a specific system in which it is
self-sustaining and is autonomous, i.e., it has the ability to
interact with the environment for self-sustaining. The autonomy is
what characterizes the life entity.

Life can be defined at many different levels, from
elemental component, such as living cell, to an organism, which is
composed of a collection of cells.

At the level of a living cell, it is a life form on
its own and self-sustaining. Although it also depends on other
cells for its function collectively (the interdependence is
universal to all life forms), it can sustain on its own in its
self-regulation function.

At the level of an organism, it is a life form on
its own and self-sustaining. Again, although it also depends on
other organisms for its function collectively, it can sustain on
its own in its self-regulating function. In other words, the
autonomous function is what defines the life entity.

What is emergent property?

Emergent property is the phenomenon that is
exhibited at the systems level but not at the component level. That
is, the property emerged from the interaction of the components is
something that cannot be found in the components themselves.

For example, molecules are composed of atoms
interacting with each other. The property of a molecule, such as
water (H2O), is very different from the property of the
components — hydrogen (H) atom and oxygen (O) atom. Water is very
dissimilar to hydrogen or oxygen. Thus, the property of water is an
emergent property of hydrogen and water interacting together.

Furthermore, water is really a system of hydrogen
and oxygen. In other words, molecules are systems of atoms.

Similarly, life and living properties are emergent
properties of a collection of living cells; and living cell’s
properties are emergent properties of cellular components. Thus,
the properties of life cannot be necessarily found at the lower
level of its components. That is, you cannot necessarily find life
in molecules of a cell, but collectively when they are functioning
and interacting with each other to produce the necessary process
for cellular functions, then it becomes a living cell. When the
components fail to function properly, the cell is “sick.” When the
components cease to function, the cell is “dead.” Thus, living,
sick, and dead are emergent properties of a system; in this case,
it is the emergent property of a biological system.

What is a systems phenomenon?

It is the phenomenon, which is exhibited at the
systems level but not at the component level.

Emergent property is an example of a systems
phenomenon. Life and intelligence are examples of emergent
properties at the systems level (i.e., organism) even though you
don’t necessarily find the same at the component level (i.e., in
the cells or in the organelles).

What is the advantage of multicellular organism over
unicellular organism?

The advantage is the “fault-tolerant” principle —
i.e., if parts of the system fail, the system as a whole, can still
survive (function properly).

In other words, if some of the cells die, the
organism can still be living. Therefore, multi-cell organism can
survive better than a single-cell organism because it is more
fault-tolerant.

For instance, most of the living things on earth are
multicellular organisms because even if one of the limbs is
removed, the organism (as a whole) can still survive. Thus, some of
the cells in the body can die, yet the organism as a whole can
still live. That is the advantage of using a system for functioning
because part of the system can be malfunctioning (i.e., sick or
dead); yet, the whole system can still be living. It is only when
too many parts fail, and the system cannot sustain its functioning
then will it die.

This is precisely when an organism gets old, and the
parts started to fail (unable to repair completely), and when
enough parts fail (such as organ failure), then the organism
dies.

 


Review Questions


	
What is a system?



	
What are the characteristics of a system?



	
What is emergent property?



	
What is a dynamical phenomenon?





Critical Thinking Questions


	
What is the advantage of a system over its
component?



	
Why can’t you find properties in the components that
you find at the system level?



	
How can you explain the properties exhibited in life
that cannot be found at the organ or cellular level?
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 1.4.Levels of Organization of
Biological Systems

Objectives


	
Understand the organization of the biological system
from higher-level systems to lower-level systems





Concepts to Learn


	
Ecosystems



	
Organisms



	
Organ systems



	
Tissues



	
Cells



	
Organelles



	
Macromolecules



	
Simple molecules



	
Atoms



	
Subatomic particles





 


The biological system can be considered as organized
in multiple levels in a systematic way — from high-level
organization to low-level organization. At the top level is the
ecosystem, which is composed of the interactions of organisms
(plants and animals). Organisms are composed of organ systems
interacting with each other. Organ systems are composed of tissues;
tissues are composed of cells, cells are composed of organelles.
Organelles are composed of macromolecules (which are large
molecules, such as DNA, RNA, lipid molecules, etc.). Macromolecules
are composed of simple molecules, such as NaCl, amino acids, etc.
Molecules are composed of atoms; atoms are composed of subatomic
particles, such as protons, electrons, neutrons, etc.

Because biological system is a system, many of its
properties at the higher-level are not found at the lower level, as
explained before. Nonetheless, the biological system is based on
the lower-level substrates, such as the molecules and atoms, even
though most of the emergent properties of organisms are not found
at the molecular or atomic level.

Summary

Biological system is a system composed of ecosystem,
organisms, organ systems, tissues, cells, organelles,
macromolecules, simple molecules, atoms and subatomic
particles.

 


Q&A

How can the biological system be organized in a
systematic way?

It can be organized based on the level of structure,
i.e., from high-level organization to low-level organization.

At the highest level, the most general level or top
level is the biosphere, and each level can be described based on
the next lower level of organization. This can be systematically
organized such that the biological system can be studied at
different level of details. Each level of description can be
described by its constituting parts that form a system at that
level, yet they all have individual characteristics that are not
found at a lower level.

By separating the biological system into different
levels, we can understand how each level of description can be
explained by a lower level of building blocks. That is, everything
can be derived from its constituents, and the interactions of these
constituents will form new functions that cannot be seen at the
lower level. This helps us understand how complexity can be created
from the interactions of simple parts.

That is to say, biology is rather simple if we
understand all the basic building blocks, and how they are put
together to form the complexity. There is no mystery if we
understand these fundamental concepts of what the biological system
is built upon.

What is the highest level of organization in the
biological system on earth?

The top level of organization is the ecosystem in
the biosphere.

The biosphere contains the earth and its organisms
that live in it. It contains the interactions among these living
organisms to form a system. The biosphere is a system that is
formed by its constituents of both living organisms and non-living
(abiotic) things. The dynamical interactions among these living and
non-living things forms the ever-changing biosphere. Thus, the
biosphere is not a static entity, but a dynamical system.

What is an ecosystem comprised of?

An ecosystem is comprised of the interactions among
plants, animals and microorganisms.

An ecosystem is a system that changes depending on
the interactions among plants, animals and microorganisms. These
interactions create the dynamical ebb and flow of changes in the
population and the composition of these constituents.

What is an organism comprised of in the animal
kingdom?

It is composed of organ systems.

Typical examples of organ systems are: nervous
system, circulatory system, respiratory system, reproductive
system, endocrine system, immune system, muscular system, skeletal
system, digestive system, renal system, etc.

Organ system is a system of specialized cells that
perform similar functions. For example, circulatory system contains
the heart and blood vessels, and both are involved in producing
fluid circulatory function, even though the heart is involved in
pumping and the vessels are involved in providing the aqueduct for
delivery of circulatory materials. They all work together in
different ways to provide the system with the overall function for
delivery of materials to the target sites.

What is an organ system comprised of?

It is composed of organs.

Examples of organs are: heart, lungs, brain,
stomach, kidney, uterus, etc.

Organs are made up of specialized cells to form
similar function. For instance, the heart is made up of cardiac
muscle cells for contraction, Purkinje fibers for conducting
electricity, and other coronary vessels for delivering blood to the
heart. These constituents all work together in different aspects to
provide the overall function in the system.

What is an organ comprised of?

It is composed of tissues.

Examples of tissues are: muscle tissues, nerve
tissues, etc.

Tissues are special classes of cell type that
function similarly. For instance, muscle tissue can contain many
different types of muscle cells, yet they all provide the same
function of contraction. Thus, similar cell types fall into the
same class of tissue because they function similarly.

What is a tissue comprised of?

It is composed of cells.

Examples of cells are: muscle cells, nerve cells,
etc.

Cells are individual basic units in biological
system that often can function independently. Most organisms are
made up of these basic units called cells. In biological systems,
cells are often formed by a membrane enclosing its inside
constituents. The membrane allows the cell to form a single unit on
its own. Even though some cells may rely on other cells for
survival, it is a basic unit, which sets them apart from each
other.

What is a cell comprised of?

It is composed of organelles.

Examples of organelles are: mitochondria, nucleus,
etc.

Organelles are basic structures inside a cell that
function similarly. For instance, the cell nucleus contains the
genetic materials for gene expression. They form a single unit with
specialized function, and work together as a system.

What is an organelle comprised of?

It is composed of macromolecules.

Examples of macromolecules are: DNA molecules, RNA
molecules, lipid molecules, etc.

Macromolecules are large complex molecules that
function as a unit for special function, such as lipid molecule
collectively forms the membrane of the cell, and DNA molecules
collectively encode the genetic traits of the organism. These are
specialized molecules produced by organisms specifically for
special cellular functions.

What is a macromolecule comprised of?

It is composed of simple molecules.

Examples of simple molecules are: amino acid, water,
oxygen, etc.

Simple molecules are often the inorganic molecules
found in nature that organisms utilize for creating their own
macromolecules. They are the building blocks.

What is a simple molecule comprised of?

It is composed of atoms.

Examples of atoms are: hydrogen, oxygen, carbon,
sodium, potassium, chloride, etc.

Atoms are individual units that form molecules by
the chemical bonds. Some molecules are made up of single atoms,
while others are made up of two atoms, and some are made up of
hundreds of atoms, such as macromolecules. By combining different
atoms together with chemical bond, it forms a system called
molecule.

What does an atom comprise of?

It is composed of subatomic particles.

Examples of subatomic particles are: electrons,
protons, neutrons, etc.

The subatomic particles are the basic units that
form an atom. Most atoms have protons and electrons that are
opposite in electric charge while neutrons are not electrically
charged. In fact, different atoms are merely different combinations
in the number of protons, electrons and neutrons. Adding more
protons or more neutrons to the unit will create a different atom,
and an atom is unique in its total number of protons, electrons and
neutrons. When the subatomic particles are put together, they form
a system called atom.

Does this mean that biological functions can be
derived from how molecules work?

Yes, all biological phenomena can be derived from
how the molecules function. This includes intelligence, belief
system, emotions, mental ability, psychological functions,
reproduction, and other abstract phenomena.

Because the constituents of the biological system
are molecules and atoms, the resulting functions can be traced to
the molecules and atoms. These phenomena are more than just
molecular interactions. That is because a system as a whole always
exhibits emergent properties that are not found at the lower level
of its constituents. Nonetheless, they can be derived from the
building blocks.

For instance, the ability to transport fluid in the
circulatory system can always be derived from its constituents of
the heart and the blood vessels, even though the heart or the
vessels by themselves cannot produce circulation without each
other. Thus, circulation and transport are abstract quantities that
are not found in their constituents, yet they can be derived from
them.

Similarly, higher-cognitive functions such as mental
ability, intelligence, and emotions can also be derived from the
basic building blocks such as molecules, even though they are far
more abstract than their own constituents are. Nonetheless,
psychiatric medicine (which is merely a drug molecule) can
profoundly alter mental conditions and change emotional states.
That is why these mental functions can be traced to how molecules
work in the brain, and how these molecules alter the biological
functions. We will explain how this work in the Nervous System
chapter.

 


Review Questions


	
What is biological system composed of?



	
What is ecosystem composed of?



	
What is organism composed of?



	
What is organ system composed of?



	
What is tissue composed of?



	
What is cell composed of?



	
What is macromolecule composed of?



	
What is simple molecule composed of?



	
What is atom composed of?





Analytical Thinking Questions


	
How can the phenomenon found at the higher-level be
explained by the lower-level components?





Critical Thinking Questions


	
Why is it important to understand each level of
organization in the biological system before we can fully
understand how the entire system works?





 


 


*~*~*~*~*

 



 1.5.Organization of Biological
Studies

Objectives


	
Understand the subdisciplines of biology that
correspond to the different level of organization of the biological
system





Concepts to Learn


	
Ecology



	
Physiology



	
Anatomy



	
Cell biology



	
Biochemistry



	
Chemistry



	
Physics





 


The study of biological system (biology) can be
subdivided based on the level of organization of the subsystems in
the biological kingdom. At the highest level, ecology studies the
interactions of the ecosystems. Physiology studies the function of
the system. Anatomy studies the structure of the system. Cell
biology studies the cells. Biochemistry studies the interactions of
biochemicals. Chemistry studies the molecular interactions. Physics
studies the atomic interactions.

Many other subdisciplines can be subdivided in the
study of specific systems, such as neuroscience studies the central
nervous system, endocrinology studies the endocrine system,
cardiology studies the circulatory system, etc.

Summary

The subdisciplines of biology can be divided based
on the study of the subsystem (or organization of the
subsystems).

 


Q&A

Why are there different sub-disciplines of
biological studies?

There are different sub-disciplines because there
are different levels of description at each system level — from
ecology to biochemistry.

Each of these different levels of organization
provides different sub-disciplines for studying the system at that
level. For instance, ecology studies the interactions among plants
and animals at a higher level than biochemistry, which studies at
the molecular level of description. Because each level of
description describes different phenomena not exhibited at other
levels, subdividing them can help reduce the complexity at that
level.

What is ecology?

It is the study of the interaction of plants and
animals within an environment.

The environment in which the plants and animals
interacting in is called the ecosystem. That is, ecology is a study
of the ecosystem.

What is physiology?

It is the study of the function of an organism or
its components.

Physiology deals with the function of an organism,
whether it is a plant or an animal. Physiology is a study of how
things work in an organism, i.e., the study of the functions. These
functions can be studied at different levels — i.e., at the
organism level (whole plant or whole animal level), at the organ
level or at the cellular level.

What is anatomy?

It is the study of the structure of an organism or
its components.

Anatomy deals with the physical structure of an
organism, as opposed to the function.

In reality, structure and function are often
interrelated to each other. In other words, anatomy can affect
physiology, and physiology can affect anatomy.

For instance, the location of a limb and the number
of joints can affect how the muscles need to contract to make the
appropriate movements. Contracting the biceps will flex an arm
while contracting the triceps will extend an arm. Therefore, the
location of the attachment of the muscle (anatomy) can alter the
physiology (flexion or extension).

What is cell biology?

It is the study of cells.

It is the study at the cellular level of individual
cells rather than multicellular organisms as a whole.

What is biochemistry?

It is the study of the chemical reactions of
biological molecules in biological systems.

It studies mainly the chemical systems found in the
biological systems. It studies organic chemicals that are produced
by biological systems as opposed to the study of inorganic
compounds.

What is chemistry?

It is the study of the molecules in chemical
systems.

It studies the chemical reactions of molecules, and
how atoms interact with each other to form molecules. It includes
chemical reactions of both organic and inorganic molecules.

What is physics?

It is the study of the atoms and the interactions of
atoms in physical systems.

It studies the interactions and natural laws
governing the physical world that are based on atomic interactions
and subatomic particles. These are the fundamental physical laws
that form the basis of all other phenomena, such as molecules and
biological substrates.

Why is it important to understand physics and
chemistry in biology?

It’s because biology is based on physics and
chemistry. Biological functions are all derived from physical
principles and chemical principles.

Nature’s physics laws and chemical laws are all
applicable in biology. In fact, biological functions cannot defy
physical laws of gravity, electromagnetic interactions and atomic
bonds. All cellular functions are based on laws of physics and laws
of chemistry. Physiological functions and anatomical structures of
plants and animals are based on physics law of gravity and chemical
bonds. Thus, everything in biology is derivable from physics and
chemistry, even though the properties and phenomena exhibited at
the biological level are systems phenomena that may not exhibit at
the lower level. Nonetheless, they are derivable from the
fundamental building blocks, even though more quantities that are
abstract can emerge at the higher systems level.


Review Questions


	
What does ecology study?



	
What does physiology study?



	
What does anatomy study?



	
What does cell biology study?



	
What does biochemistry study?



	
What does chemistry study?



	
What does physics study?





Critical Thinking Questions


	
Why do we subdivide biology into so many different
subdisciplines?



	
Can the phenomena in one subdiscipline be explained
by another subdiscipline at another level?



	
For example, can ecology be explained by
biochemistry?
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 1.6.Functions of Animal’s Organ
Systems

Objectives


	
Understand the function of each of the organ
system





Concepts to Learn


	
Functions of nervous system



	
Functions of sensory system



	
Functions of motor system



	
Functions of muscular system



	
Functions of skeletal system



	
Functions of endocrine system



	
Functions of reproductive system



	
Functions of circulatory system



	
Functions of respiratory system



	
Functions of digestive system



	
Functions of renal system



	
Functions of immune system



	
Functions of integumentary system





 


The function of the nervous system is to control and
regulate both the internal and external environment of the
organism. It also performs other higher-level cognitive functions,
such as thinking, emotions, reasoning, processing information, etc.
It uses electrical and electrochemical signals to process its
information. The sensory system is used to sense the stimuli from
the environment for the nervous system to process. The motor system
is used to move the animal in the environment. The motor system can
be subdivided into the muscular system (which provides the muscle
contractions), and the skeletal system (which provides the
structural support for the animal).

The endocrine system is the hormonal system that
uses hormones, which are the chemical messengers to regulate the
internal environment of the animal. The reproductive system
provides a means to allow the organism to continue its species by
passing on the inherited traits to the next generations. The
circulatory system provides a means to delivery materials through
the organism. The respiratory system provides a means for gas
exchange. The digestive system breaks down the materials to obtain
the nutrients for synthesis and maintenance, and eliminate solid
wastes. The renal system maintains the fluid homeostatic balance
and eliminates fluid waste. The immune system serves as a defense
from foreign invasion. The integumentary system is the skin that
serves to protect the organism from dehydration and serves as a
physical barrier to protect organism.

Summary

Each of the organ systems provides distinct and
unique function for the organism. The cooperation of the organs
provides the necessary functions for the entire organism to
function and survive.

 


Q&A

Why are there different organ systems evolved in
higher animals?

Different organ systems were evolved to perform
specialized functions when the multicellular organism becomes more
complex. These functions as a whole would provide the animals with
the necessary functionalities for survival.

Simple animals often do not have specialized organ
systems because these functions can be performed by individual
cells. As organism evolves from single cell organism to multi-cell
organism, it specialization of functions provides a more efficient
way to manage than a distributed organization.

This is similar to building a house, if the house is
a simple single-roomed house, the room can be used for everything.
However, as the house becomes bigger, and contains multi-room, then
it is more efficient to organize the room with special functions,
such as a bathroom, a bedroom and a living room, etc. Thus, the
specialization of a subsystem is merely an outgrowth of the
complexity of the system.

For a simple shack, there is no need for subdividing
the function, and everything can be accomplished in one room.
However, for a mansion, subdividing the function in different rooms
provides better efficiency to facilitate the integration of each
component. That does not mean that a mansion has to have a bedroom,
bathroom or a living room, and if all the rooms do exactly the same
thing without specialization, it is perfectly functioning too. It
is a matter of efficiency and convenience that the rooms are
specialized the way it is.

The same principle applies to animal’s organ
systems. That is why not all animals have the same organ systems,
but in general, most higher-animals do have most of the organ
systems similar to each other because those functions naturally
group together in the most efficient ways as filtered by the
natural selection process in evolution.

What are the functions of the nervous system?

It processes information in order to regulate, to
control and to interact with the internal and external environment
of an animal using both electrical and chemical signals (including
electrochemical signals).

The nervous system uses both electrical and chemical
signals to accomplish the controlling functions to regulate and
interact with both the external and internal world.

The nervous system senses the external world,
processes the information received from the external and internal
world, integrates this information, forms an internal model of
these environments, and produces output (actuates) to interact with
these environments, such as moving or regulating internal
temperature, etc.

The nervous system uses both electrical signals
(action potentials) and chemical signals (neurotransmitters) to
communicate and process information within the nervous systems. We
will discuss why electrical signals are used to process
information, and how chemical signals are used in the nervous
system too.

What is the function of the sensory system?

It receives sensory stimuli from the
environment.

The sensory system is the interface between the
organism and the environment. It provides the means of sensing the
environment by detecting the stimuli and transmitting the detected
signal to the central nervous system to process.

What is the function of the motor system?

It provides the motor output of the organism so that
it can move in the environment.

The motor system includes the muscular system and
the skeletal system. Together they form the motor system that
allows the animal to move in the environment.

What is the function of the muscular system?

It provides a means for movement and articulation
for an animal.

The ability to move is one of the distinguishing
characteristics of animals from plants, in which animals have the
ability to move and move away from an environment for adaptation
much easier than plants. The muscular system provides the
propulsion system for the animal, even though muscles were evolved
to contract only rather than extend. Yet, with the help of
arrangement with the skeletal system, propulsion is possible even
with contraction rather than extension.

What is the function of the skeletal system?

It provides physical rigid structure and support as
well as protects the animals physically by the rigid structure.

The exoskeleton serves both in structure and
protection while the endoskeleton often provides structural support
with the flexibility to move and grow. The skeletal system does not
need to be bone structures per se, but it can be a hydro-skeletal
system, in which a rigid system is produced by hydrostatic pressure
in aquatic animals.

The skeletal system can function both as a
structural system and as a support and protection system, which
protects an animal from either predation or from physical
injury.

What are the functions of the endocrine system?

It regulates the internal environment of the body
using chemical signals (hormones).

The endocrine (endo = inside; crine =
secreting) system secretes chemical signals (hormones) to
regulate the internal environment of the body. The endocrine system
uses essentially chemical signals (hormones) to communicate and
interact within the body. It relies on the circulatory system to
deliver its chemical signals. In contrast to the nervous system, it
uses nerves to deliver its electrical signal, and chemical signals
to rely such information from nerves to nerves.

Regulation of the internal environment of an
organism is as important as interacting with the external
environment. The ability to regulate the internal environment
allows an animal to survive autonomously without relying on
external control.

Animals use the endocrine system to regulate a
variety of internal environment, of which homeostasis is one of the
common goals, such as maintaining constant temperature for
warm-blooded animals, maintaining a constant fluid, electrolyte and
osmotic balance, etc. Even regulation of food intake is one of the
homeostatic regulation in which the body weight and energy reserve
is maintained at a constant state. If any of these states are out
of equilibrium, then it leads to pathological conditions and
dysfunctional state we often called disease state.

What is the function of the reproductive system?

It allows the species to continue and maintains it
traits in the evolutionary process from the previous
generation.

Reproduction allows the species to pass on its
traits from the previous generation to the next generation. Asexual
(without sex) reproduction essentially maintains the same traits,
whereas sexual reproduction recombines different traits (half from
the male and half from the female) and passes these recombined
traits into the next generation.

What is the function of the circulatory system?

It provides a transportation system for the body to
deliver materials from the source to its target.

It transports bodily fluid, such as blood, oxygen,
carbon dioxide, nutrients, hormones, or anything found within the
circulatory system, such as toxins or drugs. It transports what it
needs as well as what it does not need for elimination.

The circulatory system is really a forced
circulatory system, i.e., it requires active energy to transport
material rather than a passive transport system as found in plants.
The heart is essentially the pump that pushes the materials through
the system of blood vessels.

What is the function of the respiratory system?

It provides gas exchange in the body.

Respiratory system is important for aerobic animals
only, since oxidative metabolism requires oxygen for its reaction,
and produces carbon dioxide as a byproduct. Thus, gas exchange
between the external and internal environments is essential for
these chemical reactions to occur. Since each of the cells in the
body produces its own set of chemical reactions to survive, and
they are far removed from the outside environment inside the body,
it relies on the exchange of gases between the external and
internal environment and delivers these gases internally by the
circulatory system.

What is the function of the digestive system?

It provides a way to break down the nutrients or
energy source into their elementary component molecules for the
body to utilize, and excretes the unwanted solid and fluid
wastes.

The body basically rebuilds everything from scratch
using the components rather than borrowing someone’s cells or
incorporating someone’s cells as its own. The digestive system
makes this breakdown process happen.

One of the reasons why animals build everything from
scratch rather than using existing cells from other animals is that
if they do use someone else’s cell, then they would incorporate
someone’s DNA and genetic materials. This means that animal would
inherit some other animals genetic information, and alters its own
genetic traits completely. Thus, it is essential to break
everything down first, and re-build everything from its component
molecules, even though it may seem more efficient to use someone
else’s cell as is.

What is the function of the renal (urinary)
system?

It maintains the homeostatic condition of the bodily
fluid and concentration, while excreting the excess fluid, ions,
soluble molecules or other unwanted substances.

Since bodily functions essentially depend on the
chemical reactions, the maintenance of the appropriate
concentration of each chemical substrate in the body is important.
The renal system regulates the balances of these chemicals in the
body. This fluid and electrolyte balance is important to maintain
the chemical reactions. In aquatic animals, the maintenance of
osmotic balance is vital. Otherwise, they can either shrink or
swell depending on their osmotic pressure with respect to the
external fluid.

Since the renal system is maintaining the fluid
balance, it also provides a fluid substrate for elimination of
unwanted chemical byproducts, such as excess nitrogen from the
breakdown of amino acids and proteins. These nitrogen wastes are
often excreted via the renal system as urine, urea or uric acid,
thus it is sometimes called urinary system (for eliminating
urine).

What is the function of the immune system?

It provides protection of the body from foreign
invasion.

The immune system is essential to identify self vs.
others in the cellular level, and attacks any cells that are
considered as non-self, i.e., foreign. It is a good strategy to
protect itself by assuming anything foreign as potential threat,
and destroy them. Mistaken identity of its own cells as foreign is
often one of the causes of autoimmune disorders.

The immune system is evolved over time to act as the
defense system for the body, and the defense is similar to war
between the host and foreign invader, each producing strategies to
kill each other, i.e., the immune system’s role is to kill the
foreign invaders while the foreign invader creates strategies to
kill the host. As this co-evolution process continues, both the
pathogens and immune system evolve more and more sophisticatedly
into the complex dynamics between the host and invaders.

Philosophically, it seems that the pathogens evolved
to disrupt the host organisms, but, in reality, it is merely a
dynamical process of co-evolution, in which the dual processes are
destructive to each other. In some cases, it can be benign, such as
allergy reaction in which the immune system is responding to
harmless foreign substances, such as pollen.

What is the function of the integumentary
system?

It is essentially the skin, which provides
protection of the body from dehydration and provides a physical
barrier for the body.

The integumentary system is the skin that forms the
protective layer for the body to protect it from dehydration and
from foreign invasion using a physical barrier method. Entry of
substance to the body requires penetrating this physical barrier.
In fact, most infections are entered through openings in the skin.
As animals evolved from aquatic environment to terrestrial
environment, protection from dehydration is also important, since
water is the main medium in which the chemical reactions in cells
can occur. It also has other functions since it provides the
surface for an animal, such as changing color to provide camouflage
for an animal to evade predation

 


Review Questions


	
What are the functions of the nervous system?



	
What are the functions of the sensory system?



	
What are the functions of the motor system?



	
What are the functions of the muscular system?



	
What are the functions of the skeletal system?



	
What are the functions of the endocrine system?



	
What are the functions of the reproductive
system?



	
What are the functions of the circulatory system?



	
What are the functions of the respiratory system?



	
What are the functions of the digestive system?



	
What are the functions of the renal system?



	
What are the functions of the immune system?



	
What are the functions of the integumentary
system?





Analytical Thinking Questions


	
Why are there so many organ systems?





Critical Thinking Questions


	
Can the function of one organ system be replaced by
another organ system?



	
Are all the organ systems necessary for survival?
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 1.7.Biological Systems:
Review

Review Questions


	
What are the components of life?



	
What are the characteristics of life?



	
What is a system?



	
What is the difference between a system and its
components?



	
How can biology be explained by chemistry and
physics?



	
How can biology be studied under the subdiscipline of
either physiology or anatomy?



	
What are the functions of each organ system?





Critical Thinking Questions


	
If parts of a living thing (such as a leg) dies, does
it mean that the individual is dead too?



	
Does transplanting organs mean a dead person is
living in another person?



	
Can life be re-incarnated or re-cycled?



	
How can life be created by the evolutionary
process?



	
If life were created by an intelligent designer, then
who created the designer? How could such a designer be created?



	
If life evolved in another planet, would life be
anything like what we know on earth or would it be different? Could
it use a silicon computer chip instead of DNA as the building
block?



	
Are we earth-bounded by our dependence on oxygen as
much as fish are water-bounded by their dependence on water?



	
Does life need to have a purpose, or did we make it
up to satisfy our justification for its existence? Can life exist
without a purpose?





Creative Thinking Questions


	
How can you create life in the laboratory?



	
Is cloning creating life?



	
Is reproducing creating life?





Big Picture Questions


	
What defines the living entity?



	
What is life?



	
Is life an abstract quantity or a physical
quantity?



	
What are the constituents of life, or are there any
components?



	
How can “life” be defined at different levels, such
as a living cell and a living person?



	
How does the organization at different levels of the
biological system integrate the various disciplines of science?



	
How can the studies of biological systems be
subdivided in so many different levels of descriptions?



	
How are these subdisciplines interrelated to one
another?



	
How does an organism’s function interrelate to the
different levels — from organismal level to the cellular level?



	
What are the functions of different organ systems
with respect to each other to produce the cooperative,
interdependent nature in the organism (the system as a whole)?





Application of Knowledge


	
Can we re-grow lost limbs? Why or Why not?



	
How can genetic engineering improve or demote quality
of life?





Small Group Discussion


	
If an animal does not have a brain, such as insects,
can they think, feel or sleep?



	
Does the brain need to be in the head? If the brain
were located in the spine, would it work the same too?
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2.Biological Principles

Objectives


	
Understand the basic biological principles





Concepts to Learn


	
Understand the basic biological principles
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2.1.Evolution as a Process

Objectives


	
Understand the evolutionary process and the necessary
steps in evolution





Concepts to Learn


	
Evolutionary process



	
Process of elimination



	
Trial-and-error process



	
Fitness test



	
Survival test



	
Accumulation of previous trial results



	
Iterative process



	
Design process



	
Predictive process





 


Evolution is a process of trial-and-error to explore
different solutions to produce an outcome that works best by
elimination through the fitness test. It is usually a random
process in the trial-and-error to try out different solutions. In
biological evolution, this trial-and-error process often occurs as
mutation of the gene. After trying out the new solution, it goes
through the fitness test process, which is the survival test in
biological evolution. The survival-of-the-fittest is essentially a
fitness test of the solution to test out if the explored solution
works or not. If it survived the fitness test, the trial result is
accumulated so that this new result is used as the starting point
rather than starting from scratch again. In biological evolution,
the successful trials are retained in the gene (and pass onto the
next generation) so that the next iteration would not need to start
from scratch again. If it fails the survival test, it is
automatically eliminated. Because the starting point of the next
trial already contains the information of successful trials, this
evolutionary method can accelerate as more and more information is
accumulated from the previous generations.

Thus, evolution is essentially a process of
elimination in the random trial process. If it works, it keeps it,
and continues to try further along the same line. If it fails, it
is automatically eliminated when it did not survive. Therefore,
this iterative process is automatic without any design or
prediction of what the outcome would be. It is merely a random
trial process.

The design process is also very similar to the
evolutionary process – it involves trial-and-error, and testing it
out by using the fitness test method. If it works, continue along
the similar design and change it a bit further. If it doesn’t work,
then throw out the design and try something else. The only
difference between design and evolution is that design reduces the
number of random trials by making a prediction of what the likely
success or failure would be. In contrast, for evolution, there is
no prediction of the outcome in its iterative search method.

Because there is no prediction in the evolutionary
process, it usually takes much longer time and more trials than
design to arrive at the same solution. This is why it takes
centuries for species to evolve, and we don’t often see species
evolve in our life span, whereas we see significant changes in the
design process. In either case, random trial is essential in both
design and evolution. Otherwise, if the trials were the same, there
would not be any variations. If there were no variations, there
would not be any new design or new evolution. Thus, random
variations are essential in both the evolutionary and design
process. This also shows that intelligence is not needed in the
evolutionary process because it is merely a process of elimination
by trial-and-error method, with or without design prediction or
intelligence.

Natural selection is merely the process of
elimination in the “survival of the fitness test” in evolution. If
the trial succeeds, it survives. If it does not, it dies. Then it
is eliminated automatically. Thus, this is the
survival-of-the-fittest phenomenon in biological evolution.

Summary

Evolution is a process of elimination method to
arrive at a solution by random trial-and-error approach. The
process of elimination in evolution is a result of going through a
fitness test, or a survival test in biological evolution. The
random variations allow exploration of different new solutions to
the problem, such that one of those solutions may work better than
others. The result of this process is that if it works, keeps it;
if it doesn’t, throw it out. By accumulating the previous trial
results (often passing on to the next generation), this
trial-and-error method of evolution can accelerate as more and more
information about previous trials are accumulated in each
generation.

Evolution is similar to the design method except
that evolution does not have the prediction in its trials compared
to design. The ability to predict the likely outcome can reduce the
number of random trials. Thus, it usually takes longer time to
evolve than design.

 


Q&A

What is evolution?

It is an iterative process where solutions are found
by trial-and-error rather than by a predictive approach of planning
or design.

Evolution is a process. Design is a process.
Planning is a process. They are all different ways of finding a
solution to a problem. The difference among them is whether the
process is a predictive process or just a random process.

It is the iterative process, which refines the
outcome. Even design is evolved because the design is refined by
the iterative trial-and-error process. The difference is that in
design, the errors and failures of the design are used as the guide
to avoid the same mistake in the next iteration, whereas in
evolution, the errors and failures are not necessarily taken into
account to alter the next iteration directly, but indirectly by the
survival-of-the-fittest elimination.

Thus, evolution is not unique to biology. It is
merely a process of doing thing without foresights. In engineering
terms, it is sometimes called the “brute force approach” since it
tries out everything exhaustively until it finds the solution.
Evolution is essentially a brute force approach to find a solution.
Even though it is not very effective, yet given the time, it will
eventually find a solution. The solution may not be elegant, but it
is a solution nonetheless.

Why is trial-and-error so essential in
evolution?

Trial-and-error is very important to explore the
possible “solution” to a problem. Without trial-and-error, the
possible solutions may not be visited.

Trial-and-error is essentially exploring the
“solution space.” Solution space is a mathematical concept that
describes all the possible solutions to a problem. Trial-and-error
is exploring the possible solution by visiting the solution space
incrementally. The more trial-and-error, the more solution space it
will visit, and the more likely it will find a solution. Note that
the solution space may be infinite, so trial-and-error can only
explore some finite space in finite time.

There are many ways to find a solution. If you know
the solution space, i.e., if you know what the possible solution
would be, then you can simply visit the solution space – this is
essentially what a design plan is, since you foresee what the
outcome would be, and plan accordingly.

However, if you don’t know where the solution space
is, then you have to explore the space in general. Hopefully, you
will run into the solution space eventually. This process of
exploring the solution without knowing the solution space is the
basic principles in evolution.

In order to find the solution, one of the ways to
explore the solution space is by trial-and-error. In this case, the
more random the trials are, the easier you will find the solution
because you explore all possibilities without any bias.

Without the randomization process, you can get stuck
by exploring just one way to solve the problem, but it may not be
the “right” way. Therefore, the more random explorations you try
the more chances you may run into the solution accidentally. Thus,
random trial-and-error is an efficient process when you don’t have
knowledge to predict what the likely outcome would be. Of course,
if you know the likely outcome, design and planning based on the
known knowledge would be more efficient. However, if you don’t have
prior knowledge to resolve an issue in the first place, then random
trials are the most efficient way to approach the problem. Nature
is not an entity that actively acquires knowledge because it does
not have any purpose or intention in mind like a brain. Therefore,
when things just occur randomly, they may eventually stumble onto
the right solution, one solution at a time, which is how evolution
occurs!

Why are random trials important in some occasions
even with predictive knowledge?

It turns out in nature, there may not be a single
solution, i.e., there can be many solution spaces. In other words,
there can be many solutions to a problem; one solution does not
preclude the other. In this case, random trials allow one to
explore “other” solutions, while preplanned design may be stuck, in
explore the preconceived solution space.

An analogy of the solution space can be illustrated
by gravity wells as the solution space. The bottom of the well
represents the best solution to a problem. One of the ways to find
the solution is usually following the slope of the well and go
downward. So going “downward” is the obvious solution path in a
predictive approach in design and planning. In the brute-force
approach of random trials, you explore it in any random direction,
not just downward. This may seem odd or inefficient, but let’s say
that there is another well nearby which is deeper than the one you
are visiting. In other words, there could be a better solution than
what you have just explored, so how can you go to the other
solution well?

If you always follow the downward gradient path,
which seem obvious and the “right” thing to do in the predict
design and planning approach, you may miss exploring a better
solution in the neighboring solution well. You have to try
something radically different in order to go to the next well, and
the path is actually going upward, rather than downward. This may
seem intuitively contradictory and absurd in conventional wisdom,
but that is precisely what one must do in order to get unstuck from
being “trapped” in the less-than-optimal solution well. In
mathematics, this is called the “local minimum,” and the best
solution is the “global minimum” (the term “minimum” refers to the
“bottom” of the solution space.)

This is why random trials (explorations) are
essential in finding the global minimum (the best solution) instead
of being stuck in a less-than-optimal solution (in the local
minimum). This also explains why sometimes doing things opposite to
the conventional wisdom (going uphill) can be beneficial.

The evolution of vertebrates and invertebrates is
one of the examples to illustrate how invertebrates get stuck in
the local minimum, unless they find some drastically different ways
to solve the problem, such as using the backbone to support the
animal, invertebrates will get stuck being in smaller size because
it would collapse under gravity when their weight increase. This
switch in solution is what corresponds to the “branching” in the
evolutionary process.

Why are there remnants of evolution?

It often requires evolution to eliminate by-products
of evolution. Thus, evolution often leaves us a trace of what
happened in the past because all evolutions are cumulative from the
past predecessor.

Yes, to eliminate the trace and history of evolution
will require evolution too. That is, in order to eliminate the past
evolutionary mistake, it will have to evolve new ways not only to
find a better solution, but also to eliminate a previous bad
solution. If there is no selection pressure to eliminate the
by-products of evolution, then they are often left alone. That is,
if it doesn’t get in the way, it is often left alone. Those
evolutionary traces are left behind for historical reasons, without
any apparent useful purposes currently.

What is selection?

Selection is the process in which trial-and-error
occurs such that solutions that favor survival tend to stay while
solutions that diminish survival will not be preserved as a
result.

Selection is a rather simple principle. If by random
chance a process produces a result that preserves its survival, it
will continue to exist. If by random chance a process produces a
result that diminishes its survival, it naturally will not exist
for long.

Thus, selection is a natural process that is often
called the “natural selection” process. In simple terms, stable
phenomenon (that exists for a long duration) tends to “survive” in
time, while unstable phenomenon (that lasts a short duration) tends
not to exist for long. Thus, selection tends to favor stable
phenomenon over unstable phenomenon.

What is natural selection?

Natural selection is often referred in biology to
convey the concept of the trial-and-error process in which
solutions that survive will tend to be preserved over generations
while solutions that don’t survive are often not preserved in its
iteration.

In biological evolution, each iteration of the
trial-and-error process is represented by a generation of
reproduction. Each reproduction is a new iteration of this process
in which the solution goes through a “survival test.” The survival
test is really how it survives in nature. If it survives random
environment stress tests, obviously it will persist. On the other
hand, if it does not survive the stress test, it won’t prevail. If
it does not prevail, it will not continue the next iteration. Only
those that survive will have a chance to continue the next
iteration.

That is, if an animal does not survive the
environment stresses, it dies. However, if an animal survives the
environmental stress tests, it continues to exist, and is able to
reproduce, and continue the next iteration by the next generation.
Thus, only traits that survive the fitness test will be preserved
in the next generation while traits that don’t survive the fitness
test will be discontinued.

This means traits that favor survival will naturally
be preserved, while traits that don’t favor survival will be
eliminated. These processes are actually done automatically without
requiring any intelligence or foresight in nature. It can be done
completely blindly and randomly. In fact, randomness is necessary
for trial-and-error to occur to explore the solution space.
Otherwise, if someone tries doing exactly the same thing over and
over again, it will not lead to evolution without any variations.
The variation is essential for exploring the unknown solution
space.

What is survival-of-the-fittest?

It is a “fitness test” in nature, in which an
organism is subjected to random environment stress that it
encounters every day. If it survives, it will preserve. If it does
not survive, it will not continue to exist; thus eliminated, by
default.

Survival-of-the-fittest is actually a consequence of
the natural selection process. All organisms are subjected to all
kinds of environment stresses. If it survives despite these
stressors, it continues to exist. If it doesn’t, it will die off,
and be eliminated naturally. Thus, only organisms that have traits
that survive the environmental stresses are considered as fitter
than those that don’t survive. Again, this is a natural process,
which is encountered randomly. It does not require foresight or
intelligence in order for organisms to go through this fitness
test.

That is, organisms can evolve naturally and randomly
without requiring any designers or creators to have found solutions
that favor survival, and eliminated solutions that don’t favor
survival. It will occur automatically without any external forces,
wisdom or intelligence. In fact, this process can be simulated in
computers to show how evolution can occur with time being
compressed.

Why is variation or randomness essential in
evolution?

Without random trial-and-error, and without
variations from the same, then each iteration (each generation)
will be identical, and nothing will change. It’s only when random
variations occur that new solutions will be explored, and a better
survival strategy will be encountered in the
survival-of-the-fittest process.

This may seem counter-intuitive to understand that
randomness is essential for evolution. Without random variations,
everything will be the same. Nothing will change. It’s only when
variations from the same will new solutions be explored. Even
though some of the solution space explored may not be advantageous,
it will be eliminated. However, those solutions that will have a
better advantage will be preserved and prevail over time. This
increases the likelihood of passing onto the next generation. By
iterating this evolutionary process, an organism will evolve to
become more and more sophisticated in the solution. This also
increases the survivability of the organism.

Why can organisms evolve without intelligent
design?

It is because based on the natural principles of
random trial-and-error to explore the solution space; it can arrive
at a solution similar to a designed process, except that it will
take longer time to reach the same solution. With the natural
selection process, the solutions that survive the environmental
stress tests will continue to exist and pass onto the next
generation. On the other hand, solutions that do not survive the
fitness test will not prevail, and die off. This results in
refinement of the solution in each iteration of generation. Given
the time and given enough number of iterations, the solution will
be refined better and better to resemble an “elegant” solution.

Thus, intelligent design is really an afterthought
rather than a foresight. It is looking at the products of evolution
in which the solutions were arrived at randomly with successive
iterations that resulted in the workable solutions, which appeared
to be designed systematically. However, the same solution could
have arrived at with or without design. In fact, the solutions that
were evolved are often very convoluted solutions; compared to a
designed product, the solutions would be much simpler and elegant
that what evolution had produced. Therefore, it is not a surprise
that someone can be amazed at the end-products by assuming that it
must be designed, if someone never spent the time to explore what
the evolution process can bring us without any design whatsoever.
For instance, it can be shown that life can be evolved based on the
evolutionary process of random iterations using computer
simulations, without any preconceived design goals.

Why does it not take infinite time to find solutions
in evolution?

Although the solution space may be infinite, finding
a solution (although it may not be the best solution) is possible
in finite time. That is because in each iteration, it is not
started anew. Each iteration is accumulating the exploration gained
through the previous steps. That history is cumulative, which means
that the solution space is not explored entirely randomly, but with
a specific path determined by the past history.

If each generation (each iteration) were started
from scratch, then it would take forever to find a solution.
However, in reality, each iteration is not started from day one of
the universe. It is started from the previous generation, and the
previous generation is cumulating what had been explored by its
previous generation, etc. This reduces the infinite possibilities
that it had to explore in order to arrive at a solution.

Because of this cumulative historical effect,
evolution is often dependent on its past history and past ancestor.
This leaves the fingerprint of where we came from because each
evolutionary step can be traced by its ancestral history. In fact,
often times, we are stuck by evolution because of the path it took
previously, and the whole evolution can go down a different path.
That is why we can trace the evolution of different species from
their ancestral traits and we can discover how they evolve and how
they branch off from other ancestors.

How is the evolutionary process similar to a design
process?

A design process also shares the same characteristic
of iterations of trial-and-error, and follows the same evolutionary
traits of previous generation of design.

Yes, design has the same evolutionary traits too.
For instance, the design of cars, airplanes and computers all
follow the same evolutionary pathways of refinement in each
generation. Even though the next generation design is better than
the previous one, their designs are often variations of the
previous generation, but with an added advantage. This is identical
to natural evolution without designs. The difference is that
designs often take less time because the exploration of the
solutions in the next generation is guided by the mistakes in the
previous generation. On the other hand, since there is no designer
in charge of natural evolution, the next generation doesn’t know
what mistakes were in the past, with the exception that if there
were mistakes, they will not be carried forward to the next
generation (because they don’t survive).

So even though the next generation did not
technically “learn” from the past mistakes; it does eliminate its
past mistakes because those mistakes will not be carried forward.
Even if the same mistake is attempted (which, in reality, it does),
it still will not be carried forward to next generation because of
it will fail in the fitness test when exposed to environmental
stressors.

Is evolution an inefficient process?

Yes, evolution is very inefficient. That is why it
takes millions of years for organisms to evolve.

Because it takes so long to evolve, and we only live
in a short period of time (our time expectancy is less than a
hundred years) compared to evolutionary time scale of millions of
years. That is why we don’t witness evolution with our eyes. That
does not mean that evolution did not happen. We just don’t live
long enough to see it happen.

Is evolution very dumb?

Intelligence is hindsight to look at how species
evolve in retrospection. Objectively, evolution is just a process,
and as such, it is neither smart nor dumb.

Intelligence is really a means for humans to make
sense out of something that exists in nature. Nature is neither
intelligent nor dumb. Nature and natural process will occur the way
they do, intelligent or not. In fact, seeking intelligence in
nature is really an artificial way to assign meaning to something
that does not necessarily have that attribute. For instance, is the
rotation of the earth intelligent or not intelligent? What is the
meaning of the rotating earth? Whatever we assign to these meanings
are merely the convenience of our imagination, but are not relevant
to the nature itself.

 


Review Questions


	
What is an evolutionary process?



	
What are the steps required in the evolutionary
process?



	
What is a design process?



	
What are the steps required in the design
process?



	
What is natural selection?



	
What is the fitness test in biological evolution?





Analytical Thinking Questions


	
What is the difference between evolution and
design?



	
Which one takes less time to arrive at the
solution?





Critical Thinking Questions


	
Why are random variations needed in either evolution
or design?



	
Which one requires prediction of outcomes in the
trial-and-error process – evolution or design?



	
Why is intelligence not necessary in evolution?



	
Can evolution occur without intelligence?



	
If the trial results were not accumulated from the
previous trials, would it take the same amount of time to design as
it takes to evolve?



	
Does design need iteration and trial-and-error as
much as evolution?
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 2.2.Biological Principles:
Review

Review Questions


	
What is the evolutionary process?



	
What is the fitness test in evolution?





Critical Thinking Questions


	
How can life be created by the evolutionary
process?



	
If life was created by an intelligent designer, then
who created the designer? How could such a designer be created?



	
If life evolved in another planet, would life be
anything like what we know on earth or would it be different? Could
it use a silicon computer chip instead of DNA as the building
block?



	
Are we earth-bounded by our dependence on oxygen as
much as fish are water-bounded by their dependence on water? Why
would anyone design life that lives only in water, or life that
lives only in air? Would it be better to design life that lives in
vacuum without being bounded by water or air?



	
Does life need to have a purpose, or did we make it
up to satisfy our justification for its existence? Can life exist
without any purpose? What is the purpose of the existence of the
stars, the galaxies, the sun, the moon, the rock, the water, or the
air?





Creative Thinking Questions


	
How can you create life in the laboratory?



	
Is cloning creating life?



	
Is reproducing creating life?



	
Is genetic engineering creating life?



	
If we can create life in the laboratory, does it mean
we are the creator?



	
If you were to design and create life, would you not
create something that does not rely on oxygen so life can do
interplanetary travel? If so, would the so-called intelligent
design be really an unintelligent design?





Big Picture Questions


	
If you re-design life on earth and genetically
engineer life again, how can you alter the DNA so that cells can
use electricity to survive rather than depending on oxygen so you
can do interplanetary travel and escape the solar system without
problem?



	
How would you alter the DNA so it can survive in
freezing temperature in interplanetary travel?





Application of Knowledge


	
Is genetic engineering an evolutionary process?



	
Does genetic engineering accelerate evolution?



	
How can you use genetic engineering techniques to
improve quality of life?





Small Group Discussion


	
Discuss how you can create life if you have all the
tools available to you to do so. How would you design it? What
would be your new life look like?
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3.Scientific Methods

Objectives


	
Understand the basic scientific principles



	
Understand the methodologies used in scientific
inquiries



	
Understand the process in the discovery of truth in
nature



	
Understand the process to prove and disprove a
hypothesis



	
Apply the scientific process in discovering the
principles of biology





Concepts to Learn


	
Logical deductions and inductions



	
Steps involved in a scientific process



	
Experimental process:



	
How to pose hypotheses



	
How to test hypotheses



	
How to arrive at logically consistent conclusions



	
When to refute a hypothesis



	
When to refine a hypothesis









	
Theoretical process:



	
How to pose conjectures



	
How to prove theories



	
Know the difference between conjectures, hypothesis
and theories









	
How to find out nature’s truth



	
Self-consistence and self-contradictions in logical
deductions



	
Critical thinking process



	
Creative thinking process





 


Science is about finding the truth in nature. It is
about understanding nature with an objective approach so that the
explanation is logically consistent. This allows us to arrive at
the truth of nature without bias. Without using an objective
approach in our reasoning process, the explanation of natural
phenomena could be misleading due to our subjectivity in
perception. This could lead to myths and misunderstandings. If
these misunderstandings persist, then the false truth will misguide
us to behave irrationally.

The scientific methodology is a systematic approach
to apply the logical reasoning process such that it will ensure the
conclusion made is valid and logically consistent rather than
absurdity. If we follow the principles of science in our rational
thinking, then the explanation of how nature works will be logical
and objective, as well as verifiable by others. This process
ensures the discovery and understanding of natural phenomena is
explained in a logically consistent manner. In doing so, the truth
of nature is revealed, and myths dispelled.

In this chapter, we will cover the basic principles
of rational thinking in science. Logical reasoning is the basic
thinking process that enables human to process information, and
acquire knowledge. We will address the two basic approaches in
logical thinking — using deductive logic and inductive logic. The
former is a top-down approach while the latter is a bottom-up
approach in the logical reasoning process. Neither one is better
than the other intrinsically; they are merely different
approaches.

This leads to the second characteristics in
scientific inquiry, which is the application of alternate
approaches and alternate explanations to address and investigate
the same phenomenon without contradicting each other. In fact, it
is the ability to use different methodologies to arrive at
alternate explanations without contradiction that ensures the
validity of the conclusion so that truth can be arrived at. It is a
triangulation process such that different views of the same object
may be different, but essentially describing the same object rather
than a different object.

We will discuss how to pose hypotheses and prove
theories; how to refute hypothesis and disprove conjectures. These
are some of the basic methodologies in science that can be applied
universally in any disciplines of science — from physics to
biology.

We will also discuss why it is important to develop
critical thinking so that we can critique what is known and
evaluate the truthfulness of some established/accepted facts for
ourselves without relying on blind faith/trust. By applying the
creative thinking process, we will also be able to invent new
theories, and create new technologies to discover further truth in
nature. In doing so, we can break the envelope of science and
create newfound knowledge without being handicapped by some
misguided dogmas. The reexamination is always critical to the
evolution of scientific knowledge. Thus, scientific method is an
iterative method that allows us to approach the truth of nature
closer and closer along the way.

Summary

Logical thinking can be divided into two approaches:
deductive thinking and inductive thinking. Deductive process is a
top-down approach where larger pieces are broken down into smaller
pieces to deduce how things are isolated. It is an analytical
process. In contrast, inductive process is a bottom-up approach
where smaller pieces are put together into larger pieces to infer
how things are put together. It is an integrative process.

Scientific process is a quantitative approach to
discover the principles of nature. It is an objective process where
the underlying principles are revealed independent of the observer
or the frame of reference. Applying the scientific process enables
the discovery of nature’s truth because the results and conclusion
is invariant independent of the observer’s frame of reference.
Myths are often resulted from incomplete knowledge of nature’s
phenomena. It is a perpetuation of fallacy.

Hypotheses are educated guesses of how things may
work. They are unproven theories. Posing hypothesis is often the
first step in experimental science to verify if the initial guesses
are correct. Experiments are essentially trial-and-error methods to
test the hypotheses. Experimental methods are often used to verify
or disprove the hypotheses, although hypotheses can be disproved
theoretically by theories. If the results are consistent, and are
not contradictory, then the hypotheses are validated. If not, the
hypotheses can be discarded, and alternate hypotheses can be
proposed to explain the unexplained phenomena. Hypothesis testing
is the core of experimental science.

In contrast, theories are the building blocks of
theoretical science. Theories are the principles of how things work
in nature. Theories are often described by mathematics in a
condensed form, but they can also be described by other
non-mathematical descriptive forms. Posing conjecture is the first
steps in forming theories. Theories are put together from axioms.
Axioms are facts that are always held to be true, but they are
unprovable because they are the smallest divisible problem from
which all theories are based upon. Since axioms are always true
without any contradictions, they are held to be true (assumed to be
true), so that other theories can be derived from these axioms.

Critical thinking is the process in which the
validity of commonly held belief system is often questioned based
on the established facts and principles, rather than based on
established myths or beliefs. In other words, it questions the
validity of common belief system in science or in society. Although
there are many established scientific principles known to human,
critical thinking often question the validity of these established
dogmas. By reexamining the flaws in the established dogmas, new
breakthroughs can be discovered.
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3.1.Objectives of Science

Objectives


	
Understand the objective of science in discovering
nature’s truth





Concepts to Learn


	
Objectives of science



	
Self-consistence



	
Objectivity



	
Truth in nature



	
Methodologies for arriving at nature’s truths



	
Scientific principles





 


The objective of science is to seek nature’s true.
The scientific principle is to use logical deduction and logical
induction processes to determine the truth and falsehood of any
explanation or natural phenomena. The logical reasoning process is
based on self-consistence. If it is true, all the evidence,
explanations and theories have to be consistent. If it is false,
the evidence and explanations are inconsistent.

The scientific process is an objective process when
it can be verified by any independent observer or validated by
independent measures. The measures are not dependent on the
observer. If the measures are dependent on the observer’s account,
then it is subjective, and the measures are not self-consistent.
This would lead to contradiction in logical reasoning. Thus,
scientific process seeks to find consistence in the theory and
explanation in nature that is objective and independently
verifiable.

Summary

Science is a process of finding the truth in nature.
It is based on an objective process using logical deduction and
logical induction processes. The scientific principle is a
self-consistent methodology to confirm or refute the hypothesis,
which could be used to verify the truthfulness of an explanation or
a theory. If it is self-consistent, it is true. If it is not
self-consistent, it is false, and it would lead to contradiction.
The scientific principle is also an objective process in which the
evidence and measurements can be independently verifiable and the
result is independent of the observer. Otherwise, the measurements
and explanations are subjective.

 


Q&A

What is science?

Science is a study of the truths in nature based on
principles, which are self-consistent.

The important point here is self-consistent. If the
principles in nature are true, they have to be self-consistent. If
they contradict themselves, they are not self-consistent, and they
cannot be true.

What is self-consistence?

It means it cannot self-contradict itself.

It is a principle for testing the truth (as opposed
to falsehood) in logical deductions. If it is not self-consistent,
any conclusion can apply; therefore, the presumed “truth” cannot be
established with uniqueness.

What is objectivity?

Objectivity is tool to discover self-consistent
principles.

Objectivity is actually an outcome of the
self-consistent principle. If it is subjective, it is often not
self-consistent, and contradicts one another. If it is objective,
it helps to uncover the self-consistent principles.

What is truth in nature?

Truth is something that survives the test of
self-consistent principles.

Truth is also another outcome of the self-consistent
principle. If something is true, it is always self-consistent. If
it is not true (or false), it often contradicts itself; thus not
self-consistent.

How can truth be measured?

Truth survives the self-consistent test in time and
space.

A measure of truth in nature is that it is
self-consistent in time and in space:

In other words, if something is true, it is true
today, tomorrow or yesterday — so it is self-consistent in time.
For example, physics principles (such as gravity) are true in
Newton’s time as it is true today.

If a principle is true, it is also true in this
earth, on another planet, in another galaxy or another universe —
so it is self-consistent in space. For examples, physics principles
(such as gravity) holds true on this earth, on the moon, in the
sun, in another star or in another galaxy.

How can self-consistence be measured?

Self-consistent tests are reproducible.

Reproducibility is also another measure of
self-consistence. If it is self-consistent, it should be
reproducible experimentally. Often times, it refers to
repeatability — if it is performed again in time, or performed by
someone else in space.

Thus, repeating experiments in science is neither
redundant nor wasteful — it is necessary as a measure to test for
the “truthfulness vs. falsehood” or “self-consistence vs.
contradiction.”

What is the scientific principle?

It is simply the principle for seeking
self-consistence.

Most often, in practicality, most scientists refer
to it as objectivity, reproducibility, truth seeking, etc. But
objectivity and reproducibility are the “means” to arrive at
self-consistence, whereas self-consistence is the “end” to the
scientific inquiry.

Objectivity facilitates the discovery of
self-consistent principles, but objectivity is not the final
outcome in scientific inquiry. Reproducibility helps establish
self-consistence, but reproducibility is not the final truth in
scientific inquiry. Nature’s truth is the final outcome if it is
self-consistent.

Critical Thinking Questions


	
What is the purpose of doing science?



	
Why is the scientific method the preferred
method?



	
Are there any flaws in it?



	
Why are conclusions more trustworthy when they are
done scientifically?



	
Is there an absolute truth?



	
Or is truth only relative?



	
Are alternatives possible in nature’s truth?



	
How do you know that?



	
Why is knowing the truth important?



	
Is truth a creation of human’s thinking?
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3.2.Logical Deduction and Induction

Objectives


	
Understand the processing of logical deduction and
logical induction





Concepts to Learn


	
Deductive process



	
Inductive process



	
Top-down approach



	
Bottom-up approach



	
Advantage and advantages and disadvantages of each
scientific approach





 


Logical deduction and induction are human reasoning
processes that use logic to arrive at a conclusion. Deduction is a
top-down approach to generalize information based on the
commonality among the observations. Induction is a bottom-up
approach to create new insights by integrating the known basic
principles. The two processes are complimentary to each other. They
will converge to the same conclusion if the explanation is true and
validated by the logical process.

The criterion for validating the truthfulness of a
conclusion is logical consistency. That is, if the conclusion is
logically consistent, then the assertion is true. If the conclusion
is logically inconsistent, i.e., contradictory to its premise or
assumption, then the conclusion cannot be true.

In applying the deductive process, experimentation
is often used as the scientific methodology to test out different
scenarios so that generalization can be made. Hypothesis is often
proposed to see if the generalization is valid. Through the
iterative testing of the alternate hypotheses and experimentation,
it will often lead to a convergence of a conclusion that is
logically consistent.

In applying the inductive process, theory is often
created based on some basic known principles theoretically. New
insights and knowledge can be built upon these fundamental
principles so that more complex principles can be formulated. Thus,
it is a creative process in building new theories that are
validated by the logical reasoning process when the conclusion is
logically consistent.

Logical induction and deduction are part of the
scientific methods that allow us to derive nature’s truth
objectively and consistently using a systematic approach.

Summary

Logical deduction is a top-down approach in the
reasoning process to arrive at a conclusion by observing the common
principles shared by different entities. It is a process of finding
the similarities and differences, and abstracting these properties
into a unified principle. This approach is often used in
experimental science where you manipulate different variables to
find the similarities and differences.

Logical induction is a bottom-up approach in human
reasoning to build new concepts from existing basic known
principles such that more complex phenomena can be explained with a
conceptual framework. This approach is often used in theoretical
science where you tinker with the building blocks to create more
comprehensive principles.

As a result, logical induction often discovers
something new and unknown before theoretically even before
real-world examples are found. It is because it predicts what will
happen based on the theory before practical examples are found.

Note that deduction and induction are not always
independent of each other. Most of the time, we apply both
deduction and induction to arrive at an insight in the formulation
of new knowledge. They compliment each other rather than applied
exclusive of each other.

The ultimate test of the validity of these logical
reasoning processes is the logical consistency. If the conclusion
is consistent with the assumptions, then the induction or deduction
is valid and true. If the conclusion made from these processes is
inconsistent with the assumptions, then the logic is invalid and
the explanation untrue. The scientific method is applying these
logical reasoning processes rigorously to accept or refute a
hypothesis so that nature’s principles can be discovered without
misled by myths and pseudo-truth.

 


Q&A

What is deduction?

Deduction is the process of collecting necessary
evidence to arrive at a logical conclusion. It is a summative
process, i.e., putting things together by summarizing all the
evidence. A common thread can be found by generalizing. The
conclusion is made based on generalization.

Deduction is a top-down approach by gathering
information and narrow them down to a single cohesive point. It is
basically summarizing evidence to arrive at a conclusion.

Therefore, deduction is often used in experiments in
which by trial-and-error, different aspects of the same phenomenon
are summarized to find a common thread. That common thread is the
outcome of the deductive process.

Thus, logical deduction is a process to find the
consistence among various facts of a phenomenon, and arrive at a
central theme that is consistent with all known facts.

What is a top-down approach?

A top-down approach starts from the broad (most
general) perspective, and zooms into the narrower (more specific)
details in a step-by-step process.

Top-down approach starts from the general first
before getting into the details.

An example of top-down approach is getting a bird’s
eye view of the forest first, and then zooming in on the finer
details of each tree. That is, it looks at the forest first before
examines the trees.

Give me an example of logical deduction.

If all birds have similar beaks while other animals
have lips, what can we deduce from it? The commonality shared by
birds is the beak then we can propose a hypothesis that birds may
share a common ancestor, while other animals share different
ancestors.

This example shows how observation of a large number
of data will reveal some common characteristics so that
similarities and differences can be contrasted. From these
similarities, generalization can be drawn so that a common
principle can be abstracted. In this case, the common shared
principle is the ancestral origin.

What is induction?

The inductive process is opposite to deductive
process. It is a process in which conclusions are based on what
were already known, so more knowledge can be built from the basic
knowledge. It can create knowledge that had not known before by
predicting phenomena based on putting the known knowledge
together.

In contrast, induction is a bottom-up approach in
science. It builds new knowledge by putting simple, basic facts
together.

Induction is often a theoretical process in which
new conclusions or phenomena are explained/predicted based on
elementary known facts or knowledge. Rather than collecting data to
find common threads as in deduction, induction build new knowledge
by putting basic knowledge together.

Because induction often creates new insights to
existing known knowledge, the conclusions are often theoretical.
This is because the predicted phenomena had not been observed
before. They are merely the results are the projection of what
things will be like based on the current state-of-the-science
knowledge.

What is a bottom-up approach?

A bottom-up approach starts from the basics (most
fundamental) principles, and expands them into the broader (more
general) principles in a step-by-step process.

Bottom-up approach starts from the basics first
before getting into the general phenomena.

An example of bottom-up approach is examining the
trees first, and then takes the steps back to look at the forest.
That is, it examines the tree first before looking at the
forest.

Give me an example of logical induction.

If most living things on earth are made of cells
(surrounded by a membrane), then we can create new lives by putting
cells together to form new life forms. So life is not limited to a
single cell, but can be formed by a multi-cell organism, in which
even if some of the cells in this organism die, the whole organism
remains alive.

Another example is addition in mathematics. By
putting the concept of addition together, multiplication (a new
concept) is created.

What are the advantages and disadvantages of
top-down or bottom-up approaches?

The advantage of top-down approach is that
generalization can be made by observation of a large amount of
data. Interpolation of data is often used to fill in the missing
pieces. However, there are not enough data, generalization may be
difficult to make, and the conclusion may be inconclusive.

The deductive approach is often an experimental
process.

The advantage of bottom-up approach is that even
with small amount of data, you can still make extrapolation of
data, and expand the horizon (by prediction) without being limited
by the existing data set. Thus, the inductive process is often
expanding the known knowledge based on theoretical prediction. The
disadvantage is that these predictions often rely on some
assumptions because of incomplete knowledge. If these assumptions
are falsified or invalid, then the predictions may be
inaccurate.

The inductive approach is often a theoretical
process.

These approaches are merely different ways to study
a phenomenon. Neither one is better than the other, except that the
approach is different.

Deduction usually implies that the phenomena are
already existed, and one seeks to generalize them and find the
common thread among them so that principles can be deduced from
these observations. Deduction is often based on observations and
experimental manipulation of the phenomena to find the common
denominator among them.

Thus, the deductive process is often an experimental
process in which the process of elimination is used to filter out
the alternative explanations until the most plausible explanation
is arrived at.

In contrast, induction usually implies a theoretical
prediction of a phenomenon that may not exist before, but predicts
that it will exist based on the known principles from the basic
facts. Often times, complete knowledge of the system may not be
known, and assumptions are needed to make these predictions.

Thus, the inductive process is often a theoretical
process in which new, unknown phenomena are predicted to exist even
though they may not have been observed before.

 



Glossary

Absurdity — logically inconsistent
conclusion

Assertion — the assumption that it is
true without or without proof; it is a temporary step in the
logical reasoning process before the proof is provided

Conjecture — a wild guess at explaining
nature’s phenomena that cannot be derived from known knowledge; it
is an assumption; posing a conjecture is valid and legitimate in
the scientific process (especially in mathematics) in logical
reasoning so long as the assumption is validated without leading
into logical inconsistency

Contradiction — a conclusion that is
logically inconsistent

Dogmas — established/accepted
scientific beliefs that are proven to be incorrect subsequently

Evolution — an iterative process of
refinement in approaching a solution

Facts — the data collected from
nature’s phenomena

Faith — a belief system that is based
on assumption without proofs

Fallacy — an untrue explanation that is
logically inconsistent

Hypothesis — an educated guess of how
things work based on some known knowledge; hypothesis is usually
based on more known knowledge than conjecture; hypothesis is
unproven yet, but a process in the scientific methodology

Knowledge — the integration of facts
into a coherent framework such that logical explanation of these
phenomena can be made; knowledge is more than facts, it is how
facts are put together that makes sense to human; disjoint facts by
themselves are not knowledge

Logical consistency — a methodology in
rational reasoning process that ensures the conclusion is valid in
deriving the truth

Logical deduction — a top-down approach
to find the commonality among things so that a generalization can
be made

Logical induction — a bottom-up
approach to build up some general principles based on some
elementary and fundamental knowledge

Myths — incorrect and untrue
explanations of nature’s phenomena that are believed/thought to be
true

Objective — observer-independent, which
usually means that the observations (data and facts) obtained are
consistent from different observer’s viewpoint, or the explanation
is consistent when explained by alternate theories

Premise — the assumptions made in the
logical reasoning process

Science — a study and explanation of
nature’s truth

Scientific method — an objective and
systematic approach to arrive at nature’s truth using logically
consistent method in the rational thinking process

Subjective — observer-dependent, which
usually means that the observations (data and facts) obtained
different depending on the viewpoint of the observer, or the
explanation of the phenomenon could be contradictory using
alternate explanations

State-of-the-art knowledge — the best
knowledge derived so far based on known knowledge; it is the best
we know so far; it is a stage in the scientific evolution in
discovery of nature’s truth

Theory — proven facts and proven
explanation of nature’s phenomena that is logically consistent

Truth of nature — logically consistent
explanation of nature’s phenomena

 


Review Questions


	
What is deduction?



	
What is a top-down approach?



	
What does the deductive process seek to observe?



	
What are the basic components required for
deduction?



	
What is induction?



	
What is a bottom-up approach?



	
What does the inductive process seek to build?



	
What are the basic components required for
induction?



	
What are the advantages and disadvantages of top-down
or bottom-up approaches?
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3.3.Scientific Process

Objectives


	
Understand what an objective scientific process
is





Concepts to Learn


	
Understand what a scientific process is



	
Understand what an objective process is



	
Understand the goals in science



	
Understand the difference between myths and truths of
nature



	
Understand the difference between true science and
pseudo-science





 


Scientific process is an objective process using
logical deduction/induction to find out the principles of nature,
and reveal the validity of these reasoning and explanations that
stand the test of time. It is a way for human to seek nature’s
truth and dispel myths and misunderstanding of how nature
works.

By applying this objective process, the conceptual
understanding of how things work can be verified by others so that
the interpretations of the results are not subjective or biased.
The ultimate goal is to find out the invariable truth without
tinted by our subjective experience or belief system. By applying
logical deduction and logical induction, hypothesis can be proven
or disproved systematically.

Summary

Scientific process is a systematic logical approach
to reveal nature’s truth (natural physical laws and principles)
using deduction and induction to validate the conclusions
universally in time and space. It is an objective process because
it is observer-independent. The findings resulted from this
scientific process can be confirmed and verified by others, which
makes it objective. This ensures the interpretations are not
subjective or biased by our human experience or individual’s belief
system.

Applying the scientific process to study and
investigate natural phenomena will ensure the validity of the
principles and theories derived from such exercise. The
truthfulness of these concepts and insights derived can be
verified, while myths and misunderstandings can be dispelled. In
other words, there is a systemic process where we can derive
nature’s truth, and be assured of the validity of such conclusion.
This can be done only when logical consistency is used as the
criterion for the test of the true statement about nature.

 


Q&A

What is a scientific process?

It is a process to reveal nature’s truth (natural
physical laws of the existence of matters) by a logical
deductive/inductive process, which can be validated
universally.

It is a logical-thinking process, which allows
humans to find reasonable explanations for the existence of matters
(and how they work) in this universe. This process allows for
independent verification by others objectively. In this way, if the
explanation is true to the nature, it would be self-consistent
without creating any logical contradictions. If the explanation
were false (inconsistent with reality), then it would lead to
contradiction (logical inconsistency).

Why is the scientific process often an objective
process?

Because the process is verifiable — by others (other
observers) to confirm if it is self-consistent or
self-contradictory.

The verifiable process makes the scientific process
objective, i.e., independent of the observer. An objective process
is observer-independent, i.e., it doesn’t matter who looks at it or
who measures it, it will produce similar results.

What is an objective process?

It is a process where the deduced conclusion is not
dependent on any specific observer. It is an observer-independent
process.

In other words, the observations and conclusions are
not dependent on a particular individual. If the same observations
and conclusions can be derived from many different individuals,
this will provide the basis for objectivity and
self-consistence.

If the observations and measurements made by
different observers are different, then it shows inconsistency, and
the process is not verifiable by others. In this case, it could be
a subjective process or that the measurements are in error. In
either case, it does not lead to logical consistency; thus, it can
be falsifiable.

What is the ultimate goal for applying the
scientific process to understand nature?

The ultimate goal is to arrive at the truths in
nature.

Arriving at the truth in nature can dispel myths,
which are incorrect interpretations of the truths in nature. If we
believe in myths instead of the truths in nature, then our actions
can be misguided, which will eventually lead to inconsistencies and
erroneous predictions. Thus, the more accurate the predictions are,
the better we can survive in this world. If the predictions are
incorrect, and if our actions are based on these incorrect
predictions, it could decrease our survivability. Thus, it is
important to discover the truth of nature, so that the predictions
can be as accurate as possible.

What are myths?

Myths are the misinterpretations of the truth in
nature.

Myths are often hypotheses (i.e., guesses) of how
nature works, but these hypotheses are unproven theories. Most of
the time, myths turn out to be incorrect interpretations or
misinterpretations of truths (facts) in nature.

Myths are often perpetuated over generations because
they are often taken for granted without verification using the
scientific process. Because myths are taken to be true without
questioning or verification, they often form the basis of the
belief system in animals.

Myths are not simply unique to human. Other animals
often form myths about how the world works. For instance, the
peculiar behaviors of animals when they learn at a very early age
often consolidate as myths, and repeat those behaviors in adulthood
without any apparent reasons.

What is the truth of nature?

It is the physical laws that govern the universe.
These principles in nature should be self-consistent over time and
space, if they are true.

If the nature’s physical laws were not
self-consistent over time or space, they would contradict
themselves. This would lead to falsehood; thus, not true or
erroneous.

Applying the scientific process can allow one to
determine the truthfulness (or falsehood) of the specific
explanations of nature. If the explanation contradicts itself, then
it could not be truth. In this case, the scientific process will
discount this explanation as untrue, and find an alternate
explanation that is more self-consistent without contradiction.

Thus, the scientific process is often open-minded in
which it allows for refusal or acceptance of a theory or
explanation based on the logical deduction/induction process
without holding on preconceived notions or beliefs of absolute
truth. The preconceived beliefs without proofs are often biased or
subjective in nature due to the fact that they had not gone through
the rigorous scientific process of verifiability and
self-consistence tests.

How can we find the truth of nature?

One of the ways is to seek the truth using the
scientific methods. The scientific methodology allows for
independent-verification of the measurements, theories and
explanations, so that the process is objective and
observer-independent without any subjective biases.

Applying the scientific method is basically
following the logical-thinking process of hypothesis-proving using
logical deduction and/or logical induction. It is a process, which
seeks to find logical consistency and refute hypothesis, which are
logically inconsistent. In doing so, it is often an objective
process, which can stand the test of time and space. It often leads
to the discovery of truth, and dispel myths.

What is pseudo-science?

Pseudo-science is an incorrect application of the
scientific method.

It usually does not follow through with the logical
deduction or induction, or does not validate the assumptions and
premises in the process, which eventually leads to contradiction
without knowing it.

For instance, the proposal of “intelligent design”
to explain how life was created is a pseudo-science because it
appears to apply the scientific methodology to show that life is
created by an intelligent being, but, in fact, this hypothesis
leads to contradiction and logical inconsistency. It is because the
assumption that an intelligent being existed before life form
occurs is never validated. It is merely an assertion without proof
or validation. When the assumption/premise is untrue, the
conclusion made is nullified.

Furthermore, following the logical deduction
process, if the assumption that an intelligent being created
intelligent life were true, then it leads to logical inconsistency
that who created this intelligent being in the first place? Thus,
the intelligent design hypothesis can be invalidated simply because
of the logical inconsistency and contradiction it created. Yet,
insisting that this is a scientific method for proving that an
intelligent being existed before life was created is a
pseudo-science, because it has no basis for it in the scientific
process.

There is a simple explanation for the creator in the
intelligent design hypothesis, which led to logical inconsistency.
Who created the creator? The answer is simple — we, human, created
it in our mind. Therefore, the creator was created by us rather
than we were created by the creator. The fact is we were created by
the mother cell of the egg.

What is the difference between true science and
pseudo-science?

True-science can be validated by the logical
deduction/induction process while pseudo-science cannot be
validated by the same reasoning process.

In other words, true-science is always logically
consistent, and would not lead to contradiction when the scientific
process is applied correctly.

Pseudo-science, on the other hand, always leads to
contradictions because the scientific process and methodology were
incorrectly applied.

 



Glossary

Myth — a belief that is not true even
though it appears to be true on the surface; it is a
misinterpretation of nature’s truth

Objective process — a scientific
process, which is observer-independent where the conclusion can be
verified and confirmed by others to be logically consistent

Observer-independent — the observations
and interpretations that are independent of who measures them or
who explains them; the data collected are invariant independent of
who collected those data

Scientific process — a systematic
objective process for deriving the principles of nature that is
validated by the logical deduction and induction process

Subjective process — a process of
interpreting nature’s phenomena that is based on the viewpoint of
the observer, i.e., it is observer-dependent

 


Review Questions


	
What is a scientific process?



	
Why is the scientific process not objective?



	
What makes an objective process objective?



	
Why is applying the scientific process important to
the understanding of nature?



	
What are myths?



	
What is the difference between true principle and
myth?



	
What is pseudo-science?
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3.4.Scientific Methodology

Objectives


	
Understand the different methodologies used in
science





Concepts to Learn


	
Understand what a scientific methodology is



	
Understand the objectives in experimental methods



	
Understand what are the needs for doing experiments
in science



	
Understand the objectives in applying theoretical
methods



	
Understand what are the reasons for developing
theories in science



	
Understand why it is essential to have different
approaches in doing science



	
Understand the importance of seeking logical
consistency in these methodologies





 


Scientific methodologies are a set of methods for
systematic investigation of nature’s phenomena. These methodologies
follow the logically consistent steps to guide us n this
investigation. There are many alternate scientific methods, not a
single one. All scientific methods involve in finding
self-consistencies that are not self-contradictory.

One of the most common scientific methods is
hypothesis-proving in experimental science. Because we can
manipulate the variables in experiments, using the process of
elimination will allow us to arrive at a conclusion of which
variable is related to the outcome of the experiment.

Theory-proving is another theoretical scientific
method to discover nature’s principles without necessarily doing an
actual physical experiment. Because it uses the induction process,
it builds knowledge from the basis and predicts the phenomenon even
before it happens.

Therefore, scientific methodology is merely a
process in which deduction/induction process is used to prove
logical consistency or inconsistency of whatever we try to prove.
It is not any specific or rigidly prescribed method.

Summary

Scientific investigation follows a systematic
approach to arrive at a conclusion of how nature work using a set
of methodologies that are logically consistent and verifiable.
Experiments are often used to prove/disprove a hypothesis. Logical
induction is often used to prove theory to predict the existence of
a phenomenon even before they are discovered physically. It is a
scientific method only if it follows the induction/deduction
process systematically and consistently. It is not a scientific
method if it does not follow the logical principles
consistently.

 


Q&A

What are the methods involved in a typical
scientific process for investigating nature’s truth?

There are many alternate scientific methods, not a
single one. All scientific methods involve in finding
self-consistencies that are not self-contradictory.
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