The goal of this book is to immediately improve the reader’s life. Thus, the useful information is
not hidden by 200 pages – though there is tremendous value to nuanced biological physics.
I hope this piece reflects the above sentiments for knowledge is a human right.
Additionally, please refer to the appendix when it is mentioned. The topic is complex, so it is
necessary to have supplementary information at appropriate moments.

Introduction
A Brief Introduction:

“Science is not proven, it is demonstrated.”
Willard V. Quine [philosopher]

Neuroscience is a young field with many unanswered questions. Luckily, the field has matured
enough to answer some of life’s burning questions. One of the most frequent questions pressing
the modern Homo Sapien is “How can one develop more empowering, healthy habits?” While
there are pharmaceutical and therapeutic solutions, these methods can have a limited success
rate. One only needs to consider the statistical levels of fear, anxiety, depression, apathy, and
laziness in society (1). This book will examine the foundational rules for life and the physical
nature of the brain. Then, it will provide a widely applicable 21st century neuroscience-based
solution on how to reduce negative emotions, attitudes, and behaviors.
A Scientific Primer:
Before the brain can be examined, it will be helpful to explore the scientific principles that
underlie existence. These principles will provide a level of appreciation for the human body’s
most complex organ. The universe is a mysterious place. Physicists have only scratched the
surface of its secrets. What made it? Why do the rules work? How does it end (2)? While these
answers may be unreachable for centuries, science has understood two key ideas: materialism
and the idea that living systems require energy. The first idea is materialism. This is the idea that
everything is constituted of physical substances (3). Air is a physical substance. Light is a
physical wave. Electricity is the flow of physical electrons. The second foundation is that life
requires energy (4). The primordial cell emerges from bonds of thermal energy. The plant grows
from solar energy. The human develops from energy locked in food. All living organisms require
energy. If a living thing stops using energy for an instant, it is consumed by entropy (the natural
degradation of energy) within the universe. Without energy expenditure, there is no life. These
principles of materialism and energy are deeply connected to neuroscience. Without these ideas,
one will be unable to entertain mechanistic ideas concerning the mind. Consciousness is a
completely physical process, and the brain requires energy. The simple act of thinking about
someone cost physical energy (See Appendix 1 & 2).

Chapter I
“Extraordinary claims require extraordinary evidence.”
Carl Sagan [astronomer]

The Brain and its Mechanisms:
Armed with a scientific lens, the mind can now be properly inspected. Weighing about three
pounds, the brain floats in cerebral fluid inside the skull, and works at three hierarchically built
levels: the neuronal level, the regional level, and the overall level.
The most basic (and important level) of the brain is the neuron level. The neuron is a type of cell
that sends electrical-chemical signals. These signals can contain sensory information, motor
information, memory information, etc. While there are many variants of the neuron, the basic
structure and signaling mechanism of neurons is consistent across the brain and body (9).

[Image of a presynaptic and postsynaptic neuron borrowed from Life Sciences Education]
The neuron starts at its cell body, where its nucleus is located. The neuron is typically connected
to other neurons through branches known as dendrites. At some point, the neuron is activated by

a sensory cue, a motor reflex, or other activating force. This starting neuron can be referred to as
the pre-synaptic neuron. Now active, the neuron fires a signal through a nerve fiber called an
axon. This signal travels through the axon to ends known as synapses. These synapses react and
release neurotransmitters and other signals to the receiving neuron known as the post-synaptic
neuron. Since the brain contains about 100 billion neurons, one can imagine this simple process
being more complex (10).
Additionally, it is important to note that a neuron has no conscious understanding of its actions.
Neurons are the same as red blood cells carrying oxygen or hormones binds to a receptor; they
operate on a mechanical cue-based system.

[Image

of a rat with a down-regulated stress response borrowed from Mental Force by Schwartz
and Begley]

Neurons are influenced by neurotransmitters: chemical impulses made through the body by
combining amino acids (proteins), minerals, and other components. The release of
neurotransmitters is caused by chemical cues. The below tables provide details on some
important neurotransmitters (12).

Name
Function

Adrenaline
Stress

Important Neurotransmitters
Noradrenaline Acetylcholine
Dopamine
Concentration Learning
Pleasure /
Motivation

Name

Endorphins

Important Neurotransmitters
Glutamate
GABA
BDNF 1

Function

Euphoria

Memory

Calm

Serotonin
Happiness

Increases neuron and synapse
growth.

Continuing at the neuron level, neurons also have a unique quality known as neuroplasticity.
Neuroplasticity is the ability for neurons to be grown and pruned (14). In more scientific terms,
plasticity involves the physical neuronal changes that occur in the brain based on external stimuli
and internal factors (15). In fact, when someone looks at a tomato or picks up a phone, the
brain’s neurons change. However, most neuronal changes are not significant or long-lasting (16).
In contrast, some neuronal changes are very significant. 2 The significant neurons undergo a
process called long-term potentiation, where synapse pathways are greatly reinforced and
strengthened (See Appendix image 1). For example, the following microscope images taken by
the Max Planck Institute show the actual neuroplastic process of a neuron growing (18).

[Images

showing a neuron growing from left to right]

BDNF (brain-derived neurotrophic factor) is not a neurotransmitter, but a protein released
during exercise and environmental enrichment (13).
2
Scientists do not yet understand why certain memories and experiences are significant or
insignificant. One can remember a certain time at the beach, but one can also forget an entire
year (17).
1

In short, neurons as the brain’s building blocks use neuroplasticity to create change at the higher
levels of the brain (19). By understanding the neuronal level, behavior can start being understood
at a very clear reductionist level.
Going even further, while biologists have emphasized the electrical-chemical nature of the brain,
it is inappropriate to understand neurons in these terms. Life must be examined as a holistic
system. Brain cells like all cells require blood and oxygen. When a neuron is activated, it is
activated through blood flow, oxygen exposure, and electrical-chemical signals. It may be
difficult to imagine this concept due to a cultural trend of showing images of dead brains and
detached neuron diagrams. When popular culture mentions the brain as a muscle, one can
literally imagine blood engorging utilized sections of the brain.

[Image of a living brain before a brain surgery borrowed from Wellcome Institute 2012]
[Image of a fixed dead brain borrowed from Children of Alabama Hospital Institute]
The next level is the regional level of the brain. This level is based on the same mechanistic
functions of blood flow, oxygen exposure, and electrical-chemical signals. It is simply on a
higher magnitude of scale. The following shows the physical process of a research participants’
brains changing as a result of practicing a specific motor skill (balancing) (20). After 6 weeks of
practice, the researchers scanned the brains using MRI (magnetic-resonance-imaging)
technology and found significant structural changes (marked in the red-orange color). 3

3

Since life is a process and not a state, no structural change is permanent. The brain is constantly
re-designing itself. The neuronal changes from juggling would eventually wither if the
participants stopped juggling. However, the pathways would still be there, and re-learning would
be easier and faster (21).

[Image of a participant practicing balance and gaining physical brain changes]
The third level of the brain is the overall level. This level employs the neuronal level and
regional level to make a holistic brain, capable of complex behaviors. SPECT scans (singlephoton emission computerized tomography) provide a clear view of this stage. Using technology
related to X-ray radiation, SPECT captures 3-D images of blood flow in organs. In terms of the
brain, a healthy brain SPECT scan would be a well-rounded brain. In contrast, an unhealthy
SPECT scan would be a jagged brain with holes to signify areas of inactivity or loss. Image pair
one shows changes to an individual brain (from left to right) after refraining from negative
environments, eating healthy, and thinking more positively (22). Image pair two shows the brain
changes (from left to right) of an individual with ADHD who practiced self-control, vitamin
supplements, etc. Specifically, the pre-frontal cortex (the front of the brain associated with selfcontrol and decision-making) became more active in image pair two, filling the under-active
brain holes.

[Image showing brain SPECT scans from The End of Mental Illness by Dr. Daniel Amen]
In conclusion, the brain is a physical organ that is built on brain cells called neurons, and the
invaluable mechanism of neuroplasticity. These basic parts create large brain regions and
eventually the whole brain. It is vital to understand the mechanics of the human brain as it is the
center of human thought, emotion, and behavioral change.

Chapter II
“Man is an animal suspended in webs of significance he himself has spun.”
Clifford Geertz [anthropologist]
The Hard Process of Changing Behavior:
Based on the miraculous mechanisms operating in the brain and the resulting causal
human behavior, how can one change problematic behavior into healthy behavior?
Step 1: You must exert energy.
No matter what form the solution takes, energy must be exerted to change the brain.
There is no such thing as a free lunch in physics. At the cultural level, exerting energy is the
feeling of working hard. At a scientific level, exerting energy involves activating chemical
cascades and re-directing blood, oxygen, and electro-chemical signals. For example, when one
ignores the cake and eats the salad, one is exerting energy inside of his/her/their brain - at the
pre-frontal cortex which is the region of higher-order thinking, self-control, and free will (23).

[The inner voice (mind) is not the controller of the brain, but it is a part of the brain that is
capable of directed bio-chemical action.]
Additionally, there are different forms of energy. For example, one can exert energy through
fear, relaxation, focus, optimism, etc.

[All forms of exerted energy are not equal. There are biological consequences.]
The level of change depends on several factors (24).
• Use it or lose it. If neurons are not used, their connections weaken and die. For example,
when the participants who learned juggling for a research study stopped juggling, they
lost juggling neurons (25).
• Use it and improve it. When we use specific neurons, those specific neurons grow
dendrites (connections) and myelin (fatty insulation). These components allow neurons to
have faster, stronger, and more energy-efficient responses (26).
• Intensity. As a metaphor, one does not get stronger from doing bicep curls with a 5pound weight. One must use a heavier, uncomfortable weight. While the evidence is
incomplete, there seems to be a correlation between the level of discomfort and the speed
of learning (27).
• Self-importance matters. If one cares deeply about something, there is typically higher
energy expenditure available. Finally, energy exertion should not be feared. Just as
tendons get stronger through physical rehabilitation, neurons also get stronger. In fact,
muscle activation produces analgesia (a lessening of pain); Similarly, neurons can release

endorphins (a type of neurotransmitter), and automatic feedback loops which provide
behavioral momentum.
Step 2: Expect resistance and exert more energy.
Resistance is the feeling of agitation and stress that arises when one undertakes a task. It
arises from physical neurons and regions in the brain such as at the amygdala, which is involved
in emotion and aggression. The only way to be cured from resistance is to build a tolerance (by
exerting energy). One can imagine resistance as a war for resources. While the brain may have
an infinite amount of space for storing memories and information, the brain does not have a
limited number of resources. Every section of the brain needs resources (28). If every section of
the brain had unlimited resources, the brain would be unable to discriminate between the sheer
neuronal complexity (29). The brain solves this information-overload by conservatively tracking
and allocating its resources. Regions that are not used immediately begin to change and decay
through synaptic pruning and behavioral extinction. 4 When one acts in the face of resistance,
blood-flow is redirected to the desired brain regions. Even though the human brain can operate in
mysterious and automatic ways, the individual is responsible for making conscious resource
decisions and challenging undesirable neurons. There is little reason to fear the thoughts from
sections of the brain that only centimeters in size.
Step 3: Repeat until you have permanently changed the behavior.
Energy is needed to change behaviors. In a computer, code can be quickly written and
deleted. In a brain, neurons must be grown or withered away in a lengthy process. While learning
can occur in one trial, most learning requires large amounts of energy - which is reflected in the
brain as slow neuronal change (16). Taking non-linear learning into account, one can safely
assume that it takes about 10,000 hours of legitimate energy-exertion to properly change or
master a behavior (31). Expanding on this concept of slow progress, brain training is often
discontinuous. In some cases, there can be no obvious progress for weeks as the new neurons
incubate (32). In other cases, weakening negative neurons can release random powerful activity
spikes despite energy exertion. In other words, the stages of change are not perfect (Appendix 3).
Fast cures are the exception in the cycle of neuroplasticity (33). Additionally, there needs to be
an extended note on a particular neuronal trap that Homo Sapiens may face. There is a famous
line in neuroscience that states, “neurons that fire together, wire together.” Based on this quote,
one can end up feeling more stressed when they fire the relax neuron system. How can relaxation
cause stress? There is a causal relationship occurring: the act of relaxing has unintentionally been
wired to a stress response. The solution will be to slowly fire the new neurons until the old
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Research suggests that behavioral extinction mostly involves the growth of new learning as
opposed to the destruction of old learning pathways (30).

wiring is weakened. 5 Repetition and staying committed to change are fundamental to neuronal
change.
The following table summarizes what the steps have covered:

[One should note that the undesired sections of the brain are not completely removed. Negative
responses are valuable to an individual’s survival. For example, it is good to be a bit cautious in
a new social situation. However, it is not good when this caution becomes complete avoidance –
this would be a maladaptive negative response, which needs to be challenged.]

This concept of a reflexive behavior becoming paired with another distinct behavior is
expressed in Ivan Pavlov’s famous dog experiments (34). Pavlov found that he could teach his
dogs to associate a ringing bell with the arrival of food. A great deal of human behavior could
potentially be explained through Behavioralism and learned reflexes.
5

Conclusion
“A flawless delusion is more appealing to the human mind than a flawed reality.”
― Abhijit Naskar [neuroscientist]

Conclusion:
To the best of science’s current ability, the prevailing hypothesis is that reality is a
mechanical machine where life is an energy-based phenomenon. Based on these principles, the
brain and consciousness can be understood as physical causal processes. Seeking an evidencebased solution to behavior change, this book began by exploring the brain’s neurons and its
unique signals (in the form of blood, oxygen, electrical-chemical signals, etc.). From this point,
the principle of neuroplasticity was defined in the different levels of the brain through various
studies. All behavior changes stand upon the fact that energy must be exerted. However, this
exertion is not free, because there are often behaviorally oppositional neurons, which are selftaught or taught through societal conditioning. Thankfully, the bad habits do have physical
breaking points. If one exerts a high amount of energy towards positive behavioral change, then
one can grow new, effective habits. In conclusion, science offers a pragmatic solution as opposed
to other treatments (33) (Appendix 4 +). Just like the commercials for children toys, batteries are
not included in this short book. You alone must exert energy. It even takes energy to build up the
capacity to exert energy.

Appendix
“The devil under form of baboon is our grandfather!”
Charles Darwin [naturalist]
Appendix 1 / The Mind – Body Separation:
In the 16th century, the separation between the brain and body took hold. This separation would
continue to have a profound impact on medical practice today (5). Many modern societies (as a
generalization) treat physical exertion and mental exertion as different phenomenon. However,
since the brain operates in the same body as other components such as the heart or muscles,
physical actions and mental actions should follow similar expenditure rules. One forces
his/her/their legs to run. Similarly, one forces his/her/their brain to think optimistically.
Appendix 2 / The Math of Energy Exertion:
Energy is defined as the ability to do work. It can take the form of heat, light, motion, chemical
energy, gravitational energy, etc (6). Work is the energy transferred to and from an object
through the application of a force across a displacement. Work is a scalar quantity, which means
it has magnitude but no direction. The unit of work is the Joule (J). For example, the human
brain requires 5 x 10-15 joules to propagate a nerve impulse by one millimeter (7). Based on
someone who eats around 2400 calories (kcals) per day, the brain requires 23.3 J per second.
Overall, this sample human would consume 116 J per second (8).
Appendix 3 / The Nature of Behavioral Change:

(37)

This image details the neuroplastic changes that occur during addiction. While some of the
information is beyond the scope of this book, there are important implications about the nonlinear growth that occurs during the neuroplastic process. One can become addicted to certain
patterns of thoughts to feel normal – relapsing until enough intervention occurs to create a new
normal.
Additionally, learning does not occur in distinct stages. When human babies learn to walk, they
frequently switch between crawling, supported walking, and walking. They also exert high
amounts of energy while enduring high amounts of failure. For example, one year old babies
take around 2,500 steps and 20 falls per hour (38).
Appendix 4 / The Raw Mechanics of Neuroplasticity:

(35)
The above is a simplification of the mechanical process that induces long-term potentiation in
neuron pathways. There is a relevant theory which describes how acetylcholine (the learning
neurotransmitter) creates chemical tags during learning. Then, these chemical tags cue other
biological operations to strengthen the pathways during rest and recovery (36). There is real
mechanical process happening as one switches from unhealthy behavior to healthy behavior.
Metaphorically, it can be represented as chemical cue, chemical tagging, biological scaffolding,
neuronal growth, and neuronal strengthening.

Appendix 5 / The Mundane Nature of Neuroplasticity:

(39)
The Gartner Hype Cycle is a concept used in business circles. After completing the prescribed
steps, reality does not fundamentally change. However, one will have a better brain, which will
allow for new productive and empowering decisions. 6
Appendix 6 / The Free Will Question:
Philosophers have long asked whether humans have free will. The primatologist Robert Sapolsky
would argue that there is not free will as “nothing comes from nothing” (41). However, there is
reason to believe that is there is a level of choice. If one decides to think of a cat or dog, one does
choose one over the other. Of course, one could argue that one’s preference towards cats or dogs
is artificially manipulated by past events. In any case, life does have a variant of choice.
Blue is the ability to choose. Violet is potentially choose-able with time within certain biological
constraints. Red is not a choice; one has little say in his/her/they birth circumstances, the actions
of his/her/they ancestors, etc. Please note that reality is not very organized, and events (like
hormonal responses or neuroplasticity) can have highly varied time ranges. For example, if one
is intentionally blindfolded, neuroplastic changes in the visual cortex begin occurring within
hours to days (42).
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As an aside, one should not be afraid to use irrational reasoning (such as imagination, emotion,
and adventure) to change. In some cases, logical reasoning can lack the power to handle biases
grounded in emotion (40).

Seconds
thoughts

Minutes
Neurotransmitters

Hours
Hormones

Days
Hormones

Months
Neuroplasticity

Years
(1) Personal Life Experiences + (2) Parents

Centuries
(1) Extended family tree + (2) Prmate Ancestors
Millenia
Evolutionary Ancestors
The Past
Molecular Darwinism

Due to reality, one must also respect the biological constraints. High levels of thinking
(biochemical reactions) can cause lapses in ability due to decreases in blood glucose levels (43).
This resource depletion may be why energy exertion is such a subjectively difficult task (this
usage mechanism may be similar to lactic acid build-up in muscular cells). There is even the
possibility that humans are naturally attracted to sedentary behaviors as a by-product of the
evolutionary goal of conserving energy.
In any case, while it is not clear what roles nature and nurture play in an individual’s behavior,
one can have a degree of faith in the nuts and bolts of neuroplasticity. Individuals who are
trained in being physically active have faster reaction times towards approaching physical
activity. In contrast, individuals who are trained in being sedentary have slower reaction times to
approaching physical activity (44). Research even suggests that one may be able to rely upon the
unconscious during periods of low energy as it does not experience the same performance
constraints as conscious thinking (45).
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