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"The stuff that drives scientists into their laboratories instead of onto the golf links is the passion to answer questions, hopefully important questions, about the nature of nature. Getting a fix on important questions and how to think about them from an experimental point of view is what scientists talk about, sometimes endlessly. It is those conversations that thrill and motivate." -- Neuroscientist Michael Gazzaniga.

INTRODUCTION
As educators and parents become more cognizant of the impact they have on the growing brain, they often begin asking, "How does the human brain work and what can I do to nurture its covert operations?" This intriguing centuries-old question is still an enormous mystery to most of us, but there are several fascinating sub-questions whose individual answers can aid in piecing together some of the constituent keys to constructing an answer to our important original question. Among those questions are,
· What parts inside the brain are involved in allowing for thinking, learning and memory?
· Does the brain change during life and during the process of learning or is it a permanently fixed/hard-wired creation?
· What can we do in our schools (and homes) to enhance learning and what can we do to remain mentally alert and healthy as we age?
In years past, we would often engage in a lengthy and detailed discourse examining the issues of learning, knowledge acquisition and child development. During those conversations, we deliberately avoided even mentioning the human brain as the foremost contributor to these activities or as actually orchestrating every aspect of these events, although the role of the brain genuinely merited a centerpiece status.  However, the most recent advances in the fields of molecular biology, neuroanatomy, medicine, brain-imaging, genetics and the numerous branches of neuroscience emerging today, now permit us to take a closer look at the chemical, functional and structural facets of just how the brain actually does work. We are discovering the many neurophysiological correlates of cognitive functioning and the neural activities that regulate all components of human learning. The human brain, acclaimed as the universe’s most complex structure known by man, is gaining currency in these discussions and is now ascending to its rightful place as the focal point of all learning equations.  It has been said that the next great journey of discovery for humankind will not be in outer space, but in the inner space of the human brain. In order to grasp what is happening in the interior of that well-concealed "inner space" of our students (to say nothing of our enlightened self-interest), it is helpful to understand the answers to the following big questions about the human brain:
What are the basic parts of the human brain and what do they do?
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We have yet to discover any object on earth that is better organized, more adaptable or capable of performing at a higher creative level than the human brain. But, what are the parts of our brains and the unique characteristics that promote these impressive capabilities?
There are two major parts to the human nervous system -- the peripheral nervous system and the central nervous system. The sensory receptors in the peripheral nervous system (PNS) receive information or stimulation from in the local environment and send it to the central nervous system (CNS), where we process the incoming information. The brain is part of the central nervous system, which is composed of the brain and the spinal column. Once a decision has been made by the brain, the "command post," concerning precisely what to do with the incoming information, the brain transmits signals to the muscles, glands and other organs for the execution of its "final answer" or its immediate reaction.
In vertebrates, the brain is customarily divided into the forebrain, the midbrain and the hindbrain. However, the brain is also described as being composed of three basic interconnected anatomical components:
1.

The brain stem, which is approximately the same size of your index finger, controls the vital processes such as heart rate, breathing, and digestion. It monitors most of our body’s sur vival mechanisms 

2. 
The cerebellum, in the hindbrain, is a cauliflower-like structure in the posterior region of the brain situated just below and behind the cerebral cortex. The cerebellum is approximately 1/8 the size of the cerebral cortex and assists with tasks such as balance, muscle tone, movement and coordinating the body’s senses. It makes many of our automatic behaviors possible. Every time we get up in the morning, stand at a podium, or walk down the corridor, our cerebellum deserves the credit. 

3. 
The cerebral cortex (cortex is the Greek term for "tree bark") is home to all higher brain processes and will be the focus for most of this article. 
The first two brain components, the brain stem and the cerebellum, regulate all of the body’s unconscious routines and are the intake sites for registering our outside experiences. Practice, to the brain, does not necessarily lead automatically to "perfect" performance. Repetition in the cerebral world contributes to the eventual hard-wiring of the brain and it, in due course, might lead to habitual responses or behaviors governed by a phenomenon called "automaticity" or automatic reactions that require only modest amounts of cerebral activity.
Most automatic behaviors are handled primarily in the cerebellum, not the cerebral cortex. Those neurons that fire together regularly will in time wire together permanently, in such a fashion that practice makes permanent, rather than perfect. Inefficient strategies will not guide one towards enhanced performance levels. A repetitive, albeit improper, execution of a target skill does not improve its quality, nor does it move one any closer to a performance approximating perfection than doing nothing at all. (In some cases, nothing would in reality be preferred – to avoid the development of "bad habits," which are difficult to break). Regular incorrect efforts will indeed cement that skill, but in an imperfect neural configuration.
An error-filled page of a student’s work in mathematics doesn’t in any way suggest that his proficiency in mathematics has been elevated. Only rehearsals completed in the correct format of the target skill will result in positive or "perfect" changes.  The cerebral cortex, which has changed very little in human beings over the past 200,000 years, is divided into two corrugated hemispheres, which sit astride the central core of the brain. There are distinctive asymmetrical left and right hemispheres, each with its own specialized functions. Typically, the left hemisphere controls the right side of the body and the right hemisphere controls the opposite side of the body (referred to as "contralateral") in vertebrates such as human beings.
Motor commands and responses in the bodies of invertebrates are controlled by the same side of the brain (right-to-right and left-to-left or "ipsilatreral"). Human brains show a clear dominance for contralateral input and command instructions, although small amounts of data are also processed by the cerebral hemisphere on the same side of the body.
The quicker-processing left hemisphere (1) produces and interprets language, (2) is responsible for numerical skills, and (3) is the home of our reasoning abilities. The left hemisphere is also considered to be the more analytical of the two sides of the brain. The slower-processing right hemisphere decodes and processes patterns, music, spatial relations, and takes in the "whole" or the Gestalt possible, along with adding the emotional content to language. Familiar faces are recognized by the "left brain," while the right side processes unfamiliar or new faces. The right side is considered the more creative hemisphere and it also processes the novel aspects of new situations. Once the novelty wears off, the pertinent new information becomes the property of the left hemisphere. Perhaps later, it will be forwarded on to the cerebellum, the home of automatic responses.
Normal human brains are lopsided. The left hemisphere is generally larger and more active than the right. Whenever the two sides more closely approximate symmetry, the left hemisphere is usually somewhat underpowered. This neurophysiological downside is suspected as a leading cause in incidences of language disorders. In females, the left hemisphere is noticeably larger than the right. However, the male brain appears slightly more symmetrical, as the average male brain comes equipped with a larger right hemisphere than would be typically found in females. It is no coincidence that nearly 80% of the cases of developmental language delay, dyslexia, stuttering, and a host of other language-related problems involve boys rather than girls. No matter where one travels, it is not uncommon to find that 80% or more of the children enrolled in remedial reading classes in the elementary grades are boys. In middle and high schools, the figure climbs to 90% and above. More than three quarters of the men in America’s prisons have severe a language, reading, learning or hearing problems or some combination thereof. Over the course of the 12 years of formal education, a 1.7-year gap in language fluency will often separate boys from girls.
When viewing the brain, one of its unique features is the wrinkled nature of its two-millimeter thick surface. The wrinkles or folds permit the relatively fixed volume inside the human skull to house a fairly large amount of neo-cortical surface tissue. It represents nature’s solution to the challenge of fitting the large cortical surface inside a tiny skull. A newborn’s head is just small enough to squeeze through the birth canal, which is customarily 102-103% the size of the cervix (cephalopelvic disproportion or "CPD"), creating the great challenges during delivery without damaging the precious cargo packaged neatly inside the cranial vault. The activities surrounding a normal delivery constitute one of the world’s most impressive displays where geometry, physics, obstetrics and economics are all utilized to accomplish the same mission, while using principles from each of these disciplines simultaneously.
Only cats, dogs, monkeys, dolphins, and humans have evolved to the point where it is necessary that the brain must fold onto itself in order to fully developed. Rats have smooth unfolded brains, which is partially why their brains are ideal for the purpose of experimentation. If the human brain were unfolded and stretched out, its surface area would be approximately the size of a desktop (2.5 square feet or 2500 cm2). The interesting highly convoluted surface, with topographical crevices, mounds and folds is not at all unlike a wadded-up dinner napkin stuffed into a pants pocket. With the exception of cases in which the observable protrusions, nooks and crannies are evidence of disease, brain trauma (or research that is going quite poorly), the configurations are likely one of the following distinctive brain characteristics:
Gyri ("gyrus" in the singular) are the wrinkles or ridges, which are typically the brain’s most distinguishable feature. 

Sulci ("sulcus" in the singular) are the shallow valleys reaching just beneath the surface of the brain, seen as folds in the cerebral cortex. The sulci become increasingly wider in the event of brain atrophy. 

Fissures are the deep indented clefts on the brain’s surface. The medial longitudinal fissure separates the brain’s two large hemispheres. It appears just above the corpus callosum, which connects the two hemispheres of the cortex. Similar deep fissures also partition the brain into four lobes (the frontal, parietal, occipital and temporal lobes). When comparing the fissures found in just one individual’s brain, those fissures seen in the right hemisphere will not be identical to those on the left side of the same person’s brain and vice versa. There will be an even greater amount of variation in the location, size, and pattern of the gyri, fissures and sulci in the brains of two different individuals. The cerebral configurations found in the brain of Person "A" reflect the neurophysiological results of his genetic background and his brain’s on-going responses to his specific environment.
The cerebral cortex in the human brain is approximately as thick as an American dime and is composed of six layers of brain cells.
The six layers of brain cells
Layers #1, 2, and 3 of the cerebral cortex are the "mental processing" layers of the brain.
· Brain-imaging technologies have shown that the greatest amount of neural activity takes place primarily in the second and third layers, with only modest amounts of cortical activity found in layer #1, on the surface of the brain.
· Together these three layers represent approximately 40% of the total thickness of all layers in the brain.
Layers #4, 5, and 6 are the "input/output processing" layers of the brain.
· The 4th layer of the cortex receives incoming signals from the sensory systems found in the PNS
· The 5th and 6th layers are the areas that govern the outgoing motor activities.
· Collectively, these three layers account for over 60% of the cortical thickness in the human brain.
Brain Hemispheres
Each of the brain's two hemispheres is biologically partitioned into four unequal regions or lobes, each associated with different duties to perform (referred to as the "localization of function"), but all lobes are interdependent.
(The Frontal lobes, occupying approximately 29 percent of the cerebral cortex, is home to such abilities as abstract thinking, planning, decision-making, and creativity. It also houses the Primary Motor Area, which is responsible for muscle control, skilled movements, and complex motor activities. This portion of the brain is most closely associated with the emotional control and our responses to incoming sensory information.  Broca's Area, controlling the indispensable muscle ingredients necessary for speech production, is also located in the frontal lobe. Because, the frontal lobes govern the most complex functions of the mind, they correspondingly take the greatest amount of time to completely develop and they are the last to fully myelinate (more about myelination later).

 (The Parietal Lobes:  The sensory areas of the brain that are responsible for reporting pain, touch, heat, proprioception, etc., are located in the parietal lobes. One of the subcortical structures, the thalamus, eventually relays all sensory information to other locations in the cerebral cortex. The parietal lobes (including the Gustatory Areas, which process taste sensations) resemble an arched formation, much like a headband, passing over the center of the cortex.  

The human senses processed in the parietal lobes set the boundaries for our experiences. There are neurons (the fundamental communication system) in the human brain that are capable of processing sounds within a particular range. Sounds outside of those limits are also beyond the range in which our sensory systems operate. We can extend those borders, however, with sensory-extending apparatuses like telephones, microscopes, telescopes, eyeglasses, hearing aids, and similar equipment.  

 In this region of the cerebral cortex, there is a personalized detailed physical map (referred to as the "homunculus") one's entire body. More neurons represent particular parts of the body based initially on their importance to survival, and later modified based on their frequency of use. Each individual's homunculus gets tailor-made based on experience, training and learning.  

Tiger Woods' homunculus would show greater representations in the sensorimotor areas that have been well used to develop his incredible proficiency in golf. A professional violinist will show greater amounts of cortical real estate dedicated to finger movement in the left and right primary sensorimotor areas than one might find in a non-musician.. 

 (Occipital Lobes:  Whether we are looking at words and photographs in a textbook, watching rapidly-moving cars at the Indy 500, or glancing at objects while riding home on a school bus, the occipital lobes, or the Primary Visual Cortex, receive and interpret nearly every aspect of visual information that enters the eyes. The incoming visual information is sent directly to the brain where it is analyzed by the neuromechanisms that process vision. The data is then forwarded to the association areas where an evaluation of the "pieces" of that visual experience is compared with previously stored information to see if it is "recognized." The next step is to decide what action should now be taken based on this elaborate identification process, so the information is forwarded to the decision-making frontal lobe. 

Damage anywhere in the Visual Cortex can result in a wide range of quite interesting, although devastating, problems with vision. Stroke victims with occipital lobe impairment often lose their ability to see colors along with the ability to even imagine and dream colors.  

(The Temporal lobes are the place where the Primary Auditory Cortex (PAC) resides. The PAC is the place where all pitch, rhythm and sound features are processed in the brain based on the air vibrations detected by the ears including music, voices, and noises within the human range of hearing. (Twenty-five percent of the auditory cortex is committed to musical processing in the brains of experienced musicians). 

The complex nerve fiber networks in the brain for hearing and vision are among the first sensory systems to go "on-line" early in life (along with touch) and they are the first to establish their vital connections with other part of the body and the brain. Wernicke's Area, found in the Auditory Association Cortex, is a localized area of the brain that is necessary for understanding speech. In the early months of infancy, a child begins to dissect and understand the sounds that will become his native language using Wernicke's Area. At about 20 months of age, the neural systems connecting Broca's Area and Wernicke's Area begin to form. It is at this time, that a toddler will begin to produce his first rudimentary sentences. A parent's excitement is owed to the early development and work of these two cerebral areas. Damage to Broca's Area or Wernicke's Area will cause either Broca's aphasia, a speech disorder characterized by one's inability to produce coherent sentences, or Wernicke's aphasia, where speech comprehension is lost.
While the locations and general functions inside the brain have been predetermined by genetic programming regardless of the brain region under consideration, one’s experiences not only can further sculpt the developing brain, but they also determine how much each of these lobes or cortical areas will develop and what degree of development will occur. Thus, identifying the consequences of a mental, behavioral, or physical problem is somewhat less challenging when one is aware of the focal point of any existing brain trauma. Conversely, damage to any of the lobes will have a negative effect on the corresponding behaviors and functions of that cortical area.
There is still a considerable degree of controversy surrounding precisely how the brain should be parceled or if the divisions are to some extent subjective, since many of the formations inside the brain, especially the sub-cortical structures are connected in ways that see them fused together almost seamlessly with one another. There are two other parts of the brain that require mentioning in a discussion on human learning and development. They are the limbic system and the corpus callosum.
The limbic (meaning "ring" or “border”) system is located in the forebrain and is virtually identical in all mammals. It sits just above the brain stem, with the two structures somewhat resembling a bagel with a finger (the brain stem) passing through it. This "system" is not composed of a single large brain structure. Instead, the limbic system is comprised of a large group of complex and oddly shaped smaller structures surrounding the upper portion of the brain stem. Each structure has an immense number of critically important circuits linking them to one another and to the cerebral cortex. These interconnected structures are intimately associated with our basic drives, bodily temperature control, hormone production, and emotions.
The offspring of animals blessed with a limbic system enjoy a number of vital benefits as a result of this unique cluster of subcortical formations, some of which are life-saving advantages. Mammals with limbic systems typically engage in a long-term investment with their young by remaining with them until their litter are mature enough to survive on their own. These caring parents will also nurse and protect their young even in life-threatening situations. On the other hand, reptilian mothers experience no grief at the loss of any of it offspring and, due to her cannibalistic nature, will often pose one of the first threats to their survival. Similar emotional disconnections occur when mammals have been subjects to a limbectomy. Not only will these animals demonstrate a complete emotional disengagement from their progeny, but their ability to recognize the existence of other members in their pack or troop will also be impaired. Damage to the cerebral cortex will not lead to the slightest decline in one's maternal instincts. However, damage to or removal of the structures found in the limbic system prompts immediate behavioral changes that promote a disturbing lack of connectedness with others including those to whom one has earlier given life.
Since emotions play a major role in focusing our attention, and what we learn is governed by what we pay attention to, there are three neuroanatomical structures that should be of specific concern to educators, all of which are central players in the inner-working so the limbic system.
1. The hippocampus, an older part of the mammalian brain that is also found in birds, lizards, rodents, and primates, is the brain's main entry point for memory. It is here that the initial encoding of memory elements gets processed for later recall. The hippocampus has genetically-controlled specifications for exactly where in the brain each important element of a memory will be stored. This seahorse-shaped structure is involved in the recognition of novelty and in processing spatial relations, such as the route to school and home, to one's favorite store in a large shopping mall, or to one's office (along with stored information on specifically where objects are located within that office).

The hippocampus plays such an essential role in all memory processing that damage to it can render an individual incapable of forming and storing any new memories or retrieving previously learned information. This consequence is a staple of soap operas and dramas -- various forms of amnesia. While the hippocampus can recover from 5-10% damage, impairment beyond this level would render this component of the brain completely ineffective. Researchers at the University of Illinois have recently shown through a variety of experiments with other mammals that exercise can increase the size and improve the functioning of the hippocampus.  

2. The amygdala, considered the brain’s primary emotional center (it is more like an emotional thermostat), communicates with all other sensory input systems and the cerebral cortex through its extensive neural communications tracts. Recall, retention, and long-term memory are all enhanced by the almost "hair-trigger" firing of the amygdala, which performs a key role in processing nearly all emotional events. Emotions assist in deciding what to pay attention to, which impacts what students will ultimately remember.  

Should the amygdala be removed surgically or sustain damage, an individual would process events devoid of any emotional input. Eliminating feelings, such as fear, from one’s response arsenal puts his environmental transactions on a perilous course risking his very survival. Connections between the amygdala and the cortex allow emotions to influence or sometimes to prevent nearly all learning as well as long-term memories. Anger, hate, suspicion, love and other emotions provide us with valuable evolutionary benefits. However, enduring negative emotions can reduce the learner’s ability to pay attention, concentrate, learn or remember, during an "emotional high-jacking" of the cerebral cortex sponsored by a hyperactive amygdala.  

3. The cingulate gyrus influences impulsivity, attention, and the control of emotional behaviors. An immature anterior cingulate gyrus is now highly suspect (one of the likely culprits) in incidences of ADD and ADHD. During puberty, the cingulate gyrus and the corpus callosum mature. At that time, the connections from the frontal lobe back to the amygdala come into better balance with the number of connections going the opposite direction. Attention deficits begin to decline at this period in the development of many children diagnosed earlier as hyperactive. 
The corpus callosum is composed of a band of nearly 800 million nerve fibers adjoining the left and right cerebral hemispheres. This information superhighway transmits specially coded neural information from one hemisphere to the other producing all integrated thought patterns. There is another smaller fiber bundle, the anterior commissure (found towards the front of the cortex) that connects the two sides of the brain. It too supports bi-hemispheric communications. Through the corpus callosum and the anterior commissure, over 4 billion messages are exchanged between the hemispheres every second, once these parts of the brain have fully matured. .
In the 1980s, thousands of workshops and seminars were offered which detailed the virtues of, as well as the dilemmas presented by, hemisphericity. "Left-brained and Right-brained" books, as well as discussions about "Left-brained/Right-brained" people were the trend. Sadly, these almost cultist notions far exceeded even the most liberal interpretations of the brain research at that time. For all complex functions, the two hemispheres inconspicuously work in tandem with each other, where each side make contributions based on its respective strengths, but never doing the whole job in isolation. The "right brain" (more properly, the "right hemisphere") does not suspend operations to allow for exclusively "left-brained" deliberations. Neither hemisphere is ever even moderately quiescent, while its counterpart completes a task alone. Instead, both make meaningful, although different, contributions to the completion of all cognitive undertakings.
Between nine and twelve years of age, "whole brain" processing becomes feasible offering a neurological meaning to the term "developmentally appropriate" content for learning. In the neurophysiological world, developmentally appropriate translates into a growing young brain that has reached a particular stage in its development, where a task is now "doable" or achievable, because the necessary brain circuitry has been established and now the brain has the wherewithal (the appropriate cognitive "wiring") to process particular kinds of information, activities or concepts.
There are several indicators that the corpus callosum has matured. Among them are
1

The processing of abstractions and more complex thinking becomes considerably easier. This is the best and the most suitable time to introduce concepts such as fractions. At this point in a child's development, ideas of a less concrete nature, multi-step directions and problem solving, as well as concepts for which there is no tangible or observable linkage, can be taught with a relatively high degree of probability that the students will "get it." 

2

Fifth-graders suddenly become "insightful" and can understand propositions from a variety of different perspectives. (This stage is often described as the "age of "reason" and the age of morality, because children begin to demonstrate altruistic behaviors and relatively better judgment.) 
3

We lose touch with most of our childhood memories. One of the brain's idiosyncratic clean-up and "tune-up" strategies is to implement periodic pruning and purging procedures as it initiates and culminates various developmental stages. During those processes, the brain will discard many of the no longer needed behaviors and skills, allowing for the creations of more beneficial connections that will be important at the next stage of development. Although a skill may have enjoyed an exalted status during an earlier stage, its stock will plummet with the onset of a successive stage in development. While an individual will never forget to crawl, once he begins to walk, crawling loses its lofty position quite suddenly. Now the connections in the frontal and motor cortices focus their efforts on fine-tuning the "walking" program and the crawling ability shifts to a back-burner position. Interestingly, that back burner ability turns out to be located more in the cerebellum, whose location is literally in the back of the brain.  
Many fifth-grade teachers are always amazed at the judgmental nature of the comments expressed by their fifth-grade students. Those children will often be quite critical of the behaviors they witness in fourth grade students. However, they often do not recall that they engaged in the identical activities during the preceding year, but they often have suddenly forgotten their own conduct prior to the maturation of the corpus callosum. 
Inherent in the process of formal education is one’s emergent awareness of how things are alike or dissimilar and how they fit neatly into logical categories forming critical patterns or groupings. A child though must be cognitively and developmentally astute enough to know that viable cognitive separations or categories can even exist before the distinctions are made. Many of the academic frustrations that educators encounter and endure are clearly rooted in curricular attempts teach concepts at a level of ideational complexity for which the child does not have the requisite neural connections to dissect and reasonably reassemble in a meaningful way on his own cognitive terms
Unfortunately, students are sometimes penalized based our insistence that all children adhere to an arbitrary timeline for mastery.
The corpus callosum is known to change as a result of experience. In non-readers, it is thinner than it is in competent readers of similar age, income and with controls for other characteristics.

What Are Neurons?
The two most prevalent types of nerve cells in the brain are glial cells and neurons. Glial cells comfortably outnumber neurons by 10 to 1, although some neuroscientists estimate the figure to be as great as fifty to one. Higher ratios of glial cells to neurons appear to indicate greater degrees of cerebral functioning ("smarter") in human brains. Albert Einstein had 40% more glial cells than men of a comparable age. Somewhere between 70-90% of the cells in the cerebral cortex are glial cells, whose main responsibility, is to play "nursemaid" by assisting, pampering and nourishing the talkative neurons. Without glia, neurons could not carry out their operations properly. They would not receive the proper nutrients (neurotrophins). The lack of proper nutrition in the world of neurons, means early neuronal death.
Early psychologists surmised that glial (meaning "glue") cells helped neurons remain in their proper places in the cerebral cortex. Unlike neurons, glial cells actually reproduce inside the brain throughout one’s lifetime. Most brain tumors are gliomas, since glial cells are mitotic, not neuromas. Because neurons are considered postmitotic, they are largely unable to re-enter cell division cycles, and do not divide for the most part. The neurons that you are born with must be carefully nourished and guarded to last your entire life -- over 80 years for most Americans. Very few new neurons seem to be generated later.

The Brain Hypothesis
1 The Brain hypothesis - "The brain is the single source of all human behavior." 

2 The Neuron hypothesis - "The most important unit of brain structure and function is the neuron." 
3 The Brain as Computer theory - "The human brain is like a computer."  In reality, it operates in ways that are nothing at all like the rules governing the operational nature of a computer. The human brain functions in ways that are quite alien to nearly all known engineering principles in use today. 
4 Neuron as Computer theory - Each neuron is comparable to a single computer. With one hundred billion neurons in the brain, we have the neural capacity of approximately one hundred billion networked computers each of which gets modified and updated on an "all day, every day" basis.  

Our cumulative experiences determine how the "neurons/computers" get networked together and which neurons get networked more than others.
The human brain is composed of over one trillion nerve cells, and roughly 100 billion of which are neurons. So small in size are the brain’s neurons that if they were lined up single file, one cubic centimeter of them could stretch over 400,000 miles. Neurons serve as the brain's fundamental building blocks and as primary "network communicators" in the cerebral cortex (see figure 2). For decades, it was believed that only the neurons in the human brain communicated with one another. However, recent research has found that some glial cells actually do contribute to neuronal communications.
There are neurons that operate (1) the sensory systems for data intake, (2) the decision-making systems in the frontal lobes for informational processing, and (3) the motor systems that facilitate actions we take or the movements we make.
There are three basic parts of each neuron -- the cell body, the axon, and dendrites. Dendrites are the antenna-like extensions emanating from the neuron. They receive communication signals from other neurons and can make as many as 50,000 vital connections with others in its effort to decipher the outside world. Dendrites increase with use and a stimulating environment, but they will shrink from neglect or from impoverishment, whether that poverty comes from a lack of stimulation, nutrition or other sources.
To maintain neuronal functioning, one of the chief assignments that glial cells have is to produce myelin, a fatty insulating substance comparable to the rubberized insulation found surrounding an electrical cord on a home appliance. Neurons communicate by sending electro-chemical signals to one another. The myelination facilitates sending the electrical component of that message more efficiently. With its protective coating around the signal-sending elongated portion of the neuron, electrical signals can travel more rapidly down the neuron’s axon without its signal scattering and activating nearby cells. The devastating effects of diseases like multiple sclerosis are the result of de-myelination taking place on the axons found in both the brain and the spinal column.
When students experience some problems in reading, those difficulties are in the frontal lobe in the region of the brain that encompasses Broca’s Area. Most important in the cases of some poor readers is the fact that this area is frequently quite low in myelin formations. The abnormalities are in this frontal tract and not in the visual cortex as once thought.
Neurons that are linked to critical brain circuits, which handle our survival skills, are the first candidates for myelination inside the womb. Otherwise we would not survive our first year of life. Further myelination continues gradually in the brain, and completely different regions of the brain are myelinated according to genetic instructions directing all developmental activities at their designated times. A careful analysis of the exact order in which various areas of the brain are myelinated also provides us with information regarding when a child is ready for learning and/or mastering different kinds of concepts or assignments. There is an interesting correlation between the synchronous development of particular competencies and the simultaneous myelination of the brain areas localized for carrying out that specific responsibility.
Dr. Sally Shaywitz at Yale University is currently tracking the cortical changes that are seen in the brains of 5 and 6-year old novice readers before they learn to read and afterwards. This data is being compared to normal structural and functional changes that occur in early cortical development of children of similar ages, as well as comparisons with the brains of experienced readers.
The brain processes an average of approximately 40,000 pieces of neuro-stimuli per second. Each element gets dissected and key aspects of an experience are broken down into the specific traits, elements, and parts composing it. All informational contacts inside the brain occur through the transmission of neurons, where each neuron pitches in a single element that goes into the making of any given experience or single idea. Each of the deconstructed "pieces" is forwarded to a region of the brain that has neurons that specialize in processing elements of a specific nature.
When a yellow ball is watched as it rolls across a table, the color yellow goes to one part of the brain, while the shape of the ball goes to another. The movement is processed else where and the association cortex links the object "table" with the event, while line orientation is sent to still another area of the cerebral cortex, and so forth, each element receiving a completely different type of analysis and processing. This data dissection and storage method allows the brain to process a limitless number of experiences using elements of many similar network systems.
Once the information arrives for analysis, an attempt is made to match that component with previously stored related memory elements residing on an existing neural network. If a match is made, the constituent elements and the larger event are "recognized." If not, the search continues, although we are oftentimes unaware of the on-going processing. This is why many "ah-hah" experiences occur at 3:00 in the morning.
As memory elements are encoded by the cerebral cortex and the sub-cortical structures involved (e.g., the amygdala for traumatic/emotional memories), particular series of neurons are activated --they "fire." The explicit elements or traces of any memory are actually a collection of those representative neurons that are distributed throughout several regions of the brain, but that operate together to re-assemble a distinct memory. When neurons representing some of the pieces of that same memory begin to fire together, they will all fire together eventually (whether they do so accurately, prematurely, or even erroneously). A coordinated and repetitive activity among any combination of neurons strengthens their synaptic connections. Neurons that actively fire together (a signal travels at approximately 270 miles per hour) retain strong synaptic connections. ("Neurons that fire together wire together.") Each time you think and re-think about an event, that strengthens the memory, which is why obsessions and "depression" can be so inescapable or debilitating. It is the "wiring" of neurons that cements memories together along with the facts or details related to a given memory.
When the representative cells composing a memory are damaged or destroyed, their branch-like connections (dendrites) can retract and the remaining neurons will need to be "re-wired" around the damaged area, which is how "physical therapy" or "re-training" operates, neurologically re-establishing connections for one’s most valuable memories and important physical functions.
Like the recently discovered mirror neurons that fire when the brain anticipates an action by someone else, there are sensory-specific regions of the cortex that are re-activated when a particular sound or object is recalled. Using the technique of monitoring cerebral blood flow, which is detected on a moment-by-moment basis with functional MRI, researchers have shown that depending on the specific memory, different areas of the auditory or visual cortex were reactivated. Interestingly, they were exactly the same regions that were active when the initial exposure to the sight or was experienced proving that memories are truly reconstructions made by the same neural networks.
Incoming information is generally moved from the posterior (back) area of the brain forwards to the anterior areas in the front of the brain (immediately behind the forehead) as increasingly more sophisticated analysis of any data takes place. Since 4/5 of the information entering the brain does so via the eyes, information is sent forward from the visual cortex ("I saw something") to the association cortex ("What was it?" or "Have we recorded anything like it previously?"). The association cortices send the information to the appropriate regions of the cortex for further processing. Once the incoming data has been analyzed by the pertinent processing systems, a "thoughtful/rational" decision is made by the frontal cortex prompting the most reasonable response based on the information that was assessed and the conclusions that were drawn. Finally, the commands are sent to the motor cortex ("What should I do?"), which executes the directives transferred from the decision-making frontal cortex.
One important goal of the growing young brain is to learn how to effectively attend to relevant environmental information and to simultaneously screen out unimportant data --distinguishing the relevant from the superfluous. When new stimuli are connected to a prior experience, particularly that which has a very strong emotional connection, the information suddenly moves to a priority position for immediate and preferred processing. In psychology, this is known as "motivation," in life, it is sometimes called desperation.
However, as we all know, everyone does not process the same incoming information in exactly the same way. Testimony to this fact is given daily in the classroom. When students submit their written materials to a teacher, their work serves as hard evidence that information experienced by several individuals is frequently recalled in ways unrecognizable by one another, and even the original author. Human beings all process stimuli based on the ways in which our 100 billion neurons have been idiosyncratically networked. Research has revealed that each of our individual brain configurations is not only personally "tailor-made," but it is, in many ways, even more unique than our fingerprints. Thus, our perceptions are filtered through our well thought-out biases. Those biases all have neuronal representations and person-specific internal wiring, which has molded each individualized brain into a distinctly different organ.
In addition to human beings seeing and recalling events in immensely different ways (as evidenced by the reconstruction of events by students, spouses, witnesses in court, etc.), various living organisms also analyze the same physical input in completely divergent ways. Insects process infrared rays as light, while a human neurobiological system will process this same stimuli as heat. Dogs will detect, dissect, and act upon sounds to which their human owners were completely oblivious. The dog’s owner is not uncaring or negligent; people simply were not bestowed with the neural mechanisms necessary to decipher sounds at a certain pitch in ways that the brains of dogs and other organisms find most "natural" to them.
If any brain is capable of processing the elements of an idea, an object, or an incident, then that capability itself is evident that a corresponding set of neurons has made the analysis possible. The series of events that allowed for the transmission, analysis and interpretation of the information inside the brain came by way of a specific kind of neuronal processing.
For centuries, scientists and children watched with amazement, as spiders would ensnare, what appeared to humans as pathetically errant insects, whose grave mistake was to accidentally fly into a spider’s cobweb. Human beings viewed the web a being nearly transparent, which, to humans at least, accounted for the bug’s "flight plan error" resulting in its fatal capture. However, the ways in which we process this event is distinctly different from the manner in which either the spider and the insect "see" things.
First, a spider is exclusively interested in attracting only specific insects (ants, wasps, bees, and his fellow spiders are not the wished-for victims). Second, insects do not fail to see the web at all. In fact, they see the spider’s cobweb quite vividly. Insects are captured because they actually do observe the web directly in front of them, but in ways that the spider had intended. It was recently discovered that, in ultraviolet light, a spider’s web consists of visual patterns (seen by the insects) that mimic particular flowers. Those images are of just the sort of flowers that a specific family of insect searches for when buzzing about. The insect gets trapped because its neurons process the spider’s web, not as the menacing mesh net that humans clearly see, but as the kind of flower for which the insect is usually seeking.
The insect is not cognizant that its preferences are the kinds of which the spider is clandestinely well aware. The spider’s handiwork, as it turns out, is a product that impersonates a low budget, deceptive art piece. It is a life-sized mural of flowers, but only to an insect, which of course, is all that matters to the spider. We have been baffled by this spider-insect conundrum for eons, primarily due to a complete neuronal disconnect between the neuronal processing of an insect and our own.  

Similarly, neurons in a frog’s brain fire incessantly when a horizontal matchstick is placed directly in front of him mimicking a worm. However, if the exact same matchstick is presented to the frog in a vertical position, the frog’s brain does not fire or respond at all.
We also have learned that there are comparable state of affairs found in the neural systems of insect-eating monkeys, leaf-eating primates, and their fruit-eating cousins. In each group, only the "food of choice" stimulates their brain circuitry, when that particular kind of food is observed. Foods preferred by other primates with different palates do not register on the retina of others, nor inside their brain, nor on any of their neural networks as something that falls into the category befitting the definition "food."
Any incoming data that does not match a human brain’s prior experiences simply does not register in the brain (neurons do not respond in any recognizable or meaningful way). This is why a foreign language might sound like incomprehensible chatter to one individual, while another finds it the best and only meaningful way of communicating.

What Is All This Talk Lately About "Mirror Neurons"?

When a parent sticks his tongue out at a newborn baby, the child will reciprocate. When I yawn, you yawn. While watching a movie or reading a novel, you might find yourself crying. While watching a televised boxing match, football game or mystery, have you ever noticed yourself perspiring? While witnessing someone else’s vaccination, you cringe and sometimes scream, "Ouch!" What mechanisms in the brain cause such outcomes?
A series of "monkey see, monkey do" nerve cells with surprising properties was recently discovered in the cerebral cortex of monkeys. Giaccamo Rizzollati of the University of Parma (Italy) discovered a system of brain cells now known as "mirror cells" in the ventral premotor area (F5) of the frontal lobes. This is a part of the larger premotor cortex, whose activities are linked to planning and initiating movements. Immediately anterior to the motor area is a cortical strip referred to as the Supplementary Motor Area (SMA) or the premotor cortex. Proposed actions are rehearsed there prior to being executed by one’s motor system. The premotor cortex is a functional brain landmark separating the motor input (sensory/detecting) and output (motor/performing) systems.
This cluster of neurons fires a signal when a monkey performs a single highly specific hand action. When pushing, pulling, tugging, grasping, picking up or putting a peanut in its mouth, neurons in the motor cortex are very active. However, the fascinating characteristic about mirror neurons is that many of the very same neurons in the premotor areas also fired when the monkey watched another monkey or the experimenter perform the exact same task! During these experiments, it became easy to predict precisely which neurons would fire based on which activity a monkey was witnessing. When mechanical tools performed the same task, the mirror neurons remained quiet and inactive.
Any time a student watches a teacher or when he watches another student in a cooperative learning setting, mirror neurons must be active in a similar sophisticated observation-execution matching system. When we watch another human being perform a task or even starting to perform that action, mirror neurons fire at an incredible rate. Thus, mirror neurons faithfully assist in "reading" the intentions of others, and they play a critically important, behind-the-scenes, role in empathy, imitation learning, deciphering facial cues, early language development, social skills and cultural rules by allowing us the ability to predict, mimic and understand the actions of others. During verbal discourse, even anticipating another person’s words as they complete a sentence seems to be associated with these newly discovered neurons.
Education and parenting are among some of the human endeavors most reliant on the proper functioning of mirror neurons. Isn’t the goal of teaching and parenting to get exactly the same neuronal systems firing in our students and children that are actively at work within the adult’s neural networks? This is the basis of mentoring programs and the master-apprentice relationship that is effectively used in contemporary educational settings. Mirror cells foster high learning levels, acceptable social behaviors, and basic human understandings concerning one another’s intentions, be they generous or malicious.
There is fairly clear and convincing evidence of what can occur when mirror neurons go awry. Without properly functioning mirror neurons, a child may not understand or empathize with other people and therefore, he will completely withdraw emotionally and socially from the rest of the world. These are the cardinal traits of the autistic child. Antisocial serial killers, interestingly, demonstrate little activity in the F5 region of the brain.
Equally fascinating are the cases in which a patient, who experiences a right hemispheric stroke resulting in complete paralysis on the body’s left side, will predictably complain about it, as would be expected of anyone. However, about 5% of them will vehemently deny experiencing any paralysis at all, known as the "denial" syndrome or anosognosia. These patients will otherwise demonstrate normal mental ability and intelligence. The startling discovery though, was that these patients not only denied their own paralysis, but they also denied any awareness of immobility in other patients whose paralysis was similar to their own. Denying one’s own paralysis was odd enough, but when these patients denied an identical paralysis in other patients, it clearly suggested that there had been some degree of damage to the mirror neurons.

__________________________________________________________

Does nature or nurture play a larger role in brain development?
Every semester, the nature or nurture debate inevitably rears its controversial head in every traditional psychology, neuroanatomy, and teacher’s education course. As the semester quietly ends, so does the still-smoldering discussion pertaining to the dominance of these two developmental factors. There is remarkable news coming out of neuroscience that should excite the debaters on either side of this argument -- they are both correct, since the only accurate answer lies somewhere in the middle. Precisely where that mid-point is may remain a secondary mystery but, in many ways, it is simultaneously irrelevant. The delicate dance of both nature and nurture determines the end result of each human "product."
Every individual is never really quite finished. At any given stage, he or she is still a work in progress. Genes and environment continue to play their respective roles throughout our lifetimes. Recent research has shown that with every experience, a child’s (or adult’s) genetically-constructed brain is subject to physical, chemical and structural alterations based upon any experiences and new stimuli.
During prenatal development, a blossoming fetal brain produces an average of 250,000 new brain cells each minute. There are several points during the process of "neurogenesis" where over 50,000 brain cells are generated every second. By the 20th week of fetal life, over 200 billion neurons have been created, after which a period of pruning back these numbers occurs. Approximately six weeks later, only fifty percent of those cells remain alive. The surviving 100 billion neurons are the healthy cells, which are ready to find a permanent position on an important neural circuit in order to aid the growth and development of a newborn. The overproduction of neurons and synapses (synaptic proliferation) is nature’s way of guaranteeing that a child born anywhere in the world, under nearly any circumstances, has an adequate neural system for survival.
As new learning occurs, neurons respond by reaching out to one another with their dendrites in an elaborate branching process that connects millions of previously unaligned cells and circuits. The result is the creation of "magic trees," as UC Berkeley's Marian Diamond refers to the dense "neural forests" that are the physiological consequences of stimulation and learning. All brain development occurs as a complex interplay between the environment into which a child is born and his/her genes. The genetic blueprints for brain and body construction are cautiously monitored in utero as the developing organs, limbs and operating systems are assembled. Given time, the environment will play an ever-increasing role in the growing young brain.
Similar to a massive piece of wood destined to be transformed into a statue, the brain undergoes a comparable sculpting operation, where environmental circumstances whittle away at the raw material and dictate the eventual outcome. Regardless of a parent’s desires (and later a spouse’s wishes) nurture can only modify that which nature had originally supplied. This universal strategy for growth and adaptation will continue for the next seven or more decades.
The impressive power of the human brain comes, not from the mere number of brain cells, but from the constantly changing, infinite number of connections that the 100 billion surviving neurons make as a consequence of (1) genetic programming, and (2) stimuli encountered in the outside world. These contact points between neurons, "synapses," connect neurons to one another and to the important networks that represent all human functioning.
Peter Huttenlocher (University of Chicago) was the first neuroscientist to successfully conduct a synaptic census in the human brain. He was able to catalog the almost infinite junctures (dendrites and synapses) that enable neurons to communicate. All dendrites, synapses and their respective connections are so minute and abundant that, any pre-Huttenlocher tabulation was based on estimation and speculation, but not grounded in any precise quantification.

_____________________________________________________________
Neurons and Neural Connections
Age Neurons and synaptic connections:

End of 2nd trimester, 200 Billion neurons.

At birth (full term), 100 Billion neurons 

8 months old 1,000 Trillion connections.

By age 10, 500 Trillion connections 

28-week old fetus, 124 million connections (in a pinhead speck of       brain tissue composed of 70K neurons).

Newborn, 253 million connections/speck.

8-month old infant, 572 million connections/speck.

By Age 12, (stabilizes) 354 million connections/speck.

_____________________________________________________________

That a child might have any neural advantage over an adult was never fathomed before. However, the brain of a normal three-year old child has far more neural connections (synapses) with greater density than the adult brain (see figure 3). In addition, it daily consumes 225% more energy than an adult brain. Every time a child learns something new, neurons in the cerebral cortex modify their widespread connections to accommodate the newly acquired information, thereby redefining the operating nature of the developing brain. In addition, the brain also undergoes architectural and structural changes based on new experiences processed by the brain. When any form of learning occurs, a new series of synaptic connections is established among the neurons’ current framework of neural networks. Those same connections will experience additional alterations later, with still newer input. The trillions of linkages make the brain’s capacity to process and store information virtually unlimited. Thus the more we learn, the more we are capable of learning in the future, if that learning is of a similar kind.
All postnatal experiences serve to shape the brain and to re-configure it regularly and faithfully as one’s personal biography continues to carve the three pounds of malleable brain matter into a distinct human being, who functions quite well within the parameters of his specific surroundings. Until death, the brain is never actually finished building and reconstituting itself.

Do We Really Use Only 10% of Our Brain?
As a possible spillover effect from the "Left-brained/Right-brained" craze, we often hear that human beings use only ten percent of our brains. The statement implies that we have already measured the brain’s maximum operational capabilities. There is not a single neuroscientist who has been able to quantify the brain’s full potential, which makes measuring ten per cent of an unknown quantity worthy of extreme suspicions.
What we do know is that there was a high physiological price to pay during encephalization, the evolutionary process by which neurons began to concentrate around the head region of primitive invertebrates. A higher level of encephalization developed in the more advanced invertebrates and later in the more complex brains of larger more sophisticated vertebrates like early hominids 3 million years ago. This process resulted in a considerably larger human brain (and cranium in which to house it).
An unavoidable consequence of the new talents in humans to use language and tools, and for living in complex social arrangements, was the cortical expansion of the human brain. These new developments accompanied bipedal mobility. Unfortunately, upright walking (bipedalism) had its downside for the women. It caused the human female’s hips to grow narrower to support walking in an upright position. As the hips contracted, the birth canal grew narrower. Had the reverse conditions prevailed -- the human head getting smaller as the dimensions of the birth canal increased---the challenge of childbirth would be largely absent. Instead, a larger cranium was required to pass through a slowly constricting birth canal. The evolutionary "correction" for this dilemma was to compel a greater portion of human brain development to take place in the postnatal periods unlike most other mammals that are "geared to go" only hours after birth.
Thus, human beings are among the most helpless creatures on earth immediately following birth. Twelve to fourteen years must pass before a human being can satisfactorily care for himself and function independent of his parents. Most parents of teenagers and young adults might take issue with the figures of 12-14 years, considering those to be wildly optimistic numbers, since the parental "time investment" for contemporary offspring has been greatly extended. The sustained care for our children, in many contemporary cases, seems endless.
While the brain competed with other organs in the body for a high position in the functional pecking order over the past 4-5 million years, the brain’s volume crept up to a 350% increase in size (originally 400 cc.) The human brain consequently became an extremely "high maintenance" organ (see figure 4). When body weights are plotted against brain weight, animals with large brains are quite rare. brain an evolutionary luxury that continued to consume vast amounts of resources (nutrients, energy and oxygen) unchecked by the omnipresent monitoring systems? Evolutionary processes are not known for their compassion and generosity. Instead, they operate by the more rigid use-it-or-lose-it principle. From an evolutionary standpoint, a brain that is used only 10% of the time (and therefore useless during the other 90%) would never be tolerated over a lengthy time span of ongoing evolutionary scrutiny, assessments and adjustments ("corrections").

____________________________________________________________
Brain Statistics
The weight of the human brain (average) = 3 pounds (1300 - 1400 gm.) 

Relative weight of the neocortex at birth = (12 ounces/350 g.) - 25% of its adult weight 

Weight of the cortex at 6 months = 50% of its adult weight * 

Weight of the cortex at 30 months = 75% of its adult weight 

Cerebral cortex at age 5 (before school) = 90% of its adult weight 

Percent of total body weight that the brain represents = 2% (avg.) 

Percent of body’s oxygen consumed by the brain = 25% 

Percent of body’s glucose burned up by the brain = 70% Average 

Percent of body’s nutrients consumed by the brain = 25% 

Number of neurons in the brain= 100 billion  

Cerebral blood flow = 1.5 pints traverse through the brain every minute 

Miles of blood vessels capillaries and other transport systems in the brain = 100,000 miles 

Number of connections in the adult brain = 1 quadrillion (one million billion) 

Percentage of the brain’s total volume constituted by the cerebral cortex = 25% 

Percentage of the brain’s neurons housed by the cerebral cortex = 80-85% 

Thickness of cerebral cortex = 1.5 - 4.5 mm. or 1/8 inch (the thickness of a dime) 

Number of cortical layers in the brain = Six
*During the first 6 months of life, there is a massive increase in the weight of the developing young brain due to the myelination of the axons, along with the tremendous increase in the number of dendrites and glial cells. These events combine to generate a 1-milligram/minute growth rate in the young brain.

____________________________________________________________

New brain-imaging evidence would dismiss the notion that only 10% of the human brain is only used at any given time. In PET (Positron Emission Tomography) scans for any activity including sleeping, the entire brain "lights up" in nearly every area indicating a great amount of cortical activity taking place during the execution of nearly all cognitive tasks. More than 60% of the brain is active even during REM (Rapid Eye Movement) sleep or dreaming.
In cases of brain disease and trauma, we only wish that 90% of the brain had been held in reserve, which would guarantee the restoration of brain functioning following events such as strokes, missile wounds, or automobile accidents. No one yet has demonstrated that he or she could function well after losing 90% of his or her brain. To the contrary, there is no known region of the human brain that can endure even low levels of damage without extensive loss in mental capacity or major functional changes evidenced by one’s behavior. Recovering all of an individual’s premorbid (before injury) or pre-operative abilities almost never occurs.
Early Egyptians were so baffled by what the human brain actually did that they relegated it to a minor functional role. So minor was their perception of the brain’s job that the heart, kidneys, lungs, and liver were preserved along with mummified bodies, but not the brain, since its value was questionable at best. Some neuroscientists have traced the "10% legend" back to the early neuroanatomists who were only able to identify approximately 10% of what the various parts of the brain actually did, which lead others to infer that only ten percent of the brain was functioning. Since, only 10% of the brain had been mapped and account for, many concluded that only that amount was ever subject to being utilized. The important questions are:
1. 
How much of the brain’s capacity do we use? 
2. 
Can we develop a brain to its full potential? 
3. 
What can be done in a classroom to maximize the development of a young brain? 
4. 
How can keep an adult brain performing at its highest levels for an entire lifetime? 

At this point in time, no definitive or conclusive credible answers are available.

What Is Brain Plasticity?

Alvin Toffler, the noted author said, "The illiterates of the future are not those who cannot read or write, but those who cannot learn, unlearn, and re-learn," but what happens inside of the human brain to foster those events commonly described as "learning," which is the goal formal education? In order to avoid being among those illiterates of the future, how should we modify our classroom instruction so that it conforms to the latest research findings concerning the brain?
Cortical plasticity refers to the brain ability to continue exercising its flexible nature by allowing different areas of the brain to change as a result of experiences it gets in the outside environment. The brain is sturdy, delicate and flexible. A child’s early interactions directly impact the ways in which the brain gets physically connected or how it gets "wired-up" initially. With the acquisition of new knowledge or any new learning, the elaborate networks and structures inside the brain go through modification, re-organization, or some degree of cellular alteration. Those changes are seen in the brain’s chemistry, structures and functions.
The good news about neurons is found in the notion of cortical plasticity, which occurs in certain areas of the cortex. It can literally change the functional qualities of various brain structures depending on the regularity and type of new tasks that neurons are asked to discharge. The bad news is that any seldom used or unused neural networks get unceremoniously "pruned" away during one’s early years. Particular skills can be lost forever, if they are not cultivated during especially sensitive time periods during the first years of life in particular. High levels of stimulation and numerous learning opportunities at the appropriate times lead to an increase in the density of neural connections (the dendrites) and more brain real estate devoted to an emerging talent. Howard Gardner’s theory of Multiple Intelligences identifies eight forms of human intelligence. Each of these intellectual comes with a matching primary area of the brain that (1) houses the cortical representations, (2) executes the motor outcomes, and (3) is connected with its myriad associated areas.

____________________________________________________________
Multiple Intelligences Type of Intelligence Location or Primary Brain Area
1 Linguistic Left hemisphere, frontal lobes and left. temporal lobe (Wernicke’s area and Broca’s area)

2 Spatial Right hemisphere (posterior temporal region)
3 Logical-Mathematical Left parietal lobe and right hemisphere
4 Interpersonal Right frontal lobe, right temporal lobe and the sub-cortical structures in the limbic system
5 Bodily-Kinesthetic Motor cortex, basal ganglia, and the cerebellum (automatic motor skills) Intrapersonal Both left and right frontal lobes, the (sub-cortical) limbic system, and the right parietal lobe
6 Musical Right temporal lobe
____________________________________________________________
None of these intelligences will unfold naturally until the appropriate environmental conditions are present to allow it to develop and mature. In a model environment, the talents can be maximized with the cooperation of the appropriate gene set.
At the earliest stages of infancy, not only are all children biologically ready to learn from their stimulating environment and their interactions with other people, early brain development requires this. Healthy brain cells will perish if they fail to find a job to carry out during these critical early developmental periods. The lack of visual stimuli during infancy can permanently rob a healthy eye of its ability to see. If a child does not hear words by age of ten, he will have a difficult time learning to speak any language at all. Neurons that should have participated in the language processing, but instead find themselves lacking a role to play have only one of two options. They will be recruited to support another function with different neural circuit devoted to a contrasting specialty, or they will experience apoptosis, cell death. In brain terms, neuronal death occurs by way of a self-induced cell-suicide. In the case of language, the remaining brain cells that specialize in language processing are well-fed and well-nourished for most of one’s entire life. The others are gone and gone forever.
The ways in which the brain is stimulated (or not stimulated) in will determine the cortical complexity of any region in the brain, which is measured by the number of synapses and the nature of their connections to the various other parts of the brain. Brain cells constantly rearrange their one quadrillion-plus connections in response to extrinsic circumstances. All new learning, the external or internal stimuli that the brain encounters, promotes additional changes in the brain. In doing so, areas of the brain can adapt to any surroundings, quite different from other animals which operate solely by instinct and do so only within specialized limited environments. Human brains can adopt new functions based on the quantity and the quality of input received and processed by the brain.
In the 1980s, UC Berkeley’s Mark Rosenzweig discovered that a rat's environment affected both the weight of its brain, as well as the quantity and density of connections between and among its neurons. These are considered the best indicators of a rat’s ability to learn new skills or information. Boosting the immature brains with excessive amounts of growth hormones can also increase the number of neurons in rats.
In human beings, however, one’s level of expertise shows itself through major differences in the neural representations of the same information. When we compare brain-images of "novices" and "experts" performing the same task, or game, their differences are vividly apparent. Experts organize and interpret information in their brains in ways that are different from non-experts and, following input, that information is represented differently in their brains. Cortical differences are observable in the neural networks accompanying the development of a specific talent that an individual cultivates over time.
In music and in the game of chess, the "masters" develop elaborate semantic memory systems that permit a wide variety of ways to demonstrate the manner in which information is processed by their brain as compared to a novice. When comparing three pianists with varying experiences, we can observe distinct cortical differences in their brains. The pianists are (1) a 30-year-old pianist, who began piano lessons at the age of four, (2) a 30-year old pianist, who casually took up piano at age twenty-eight, and (3) a highly motivated 9-year old novice, who has been playing piano for slightly less than a year. All three pianists can play the exact musical piece, where the song is indeed the same, but each of the three performances shows completely different neuronal activities taking place inside their brains.
The areas in their brains that represent finger movements (the motor cortex) in each hemisphere of their brains will be different. The regions of the cortex that handle the reading of musical notations will also be different. Different neurophysiological circuits represent the different aspects of how that particular song will be processed in their brains and preformed by their bodies, but they will all reflect profound differences seen in each brain. These contrasts will be apparent, as each individual initiates a different set of signals for the execution of different physical commands, although they are all playing precisely the same song after reading exactly the same musical notes. The exchange of particular "musical performance" neural data flows more freely between the cortical areas of the brain in the more adept and well-trained brain. The attentional efforts are considerably less for the expert. The cortical differences can now be seen both in the performance quality as well as through brain imaging techniques.
In an experiment, expert chess players and novices were asked to memorize random chess pieces on a board. Under these conditions, the experts performed no better than the novices. However, when the chess pieces were in "game positions" that might replicate positions if two players were in the midst of a challenge, the experts’ recall of the location of each chess piece far exceeded that of a novice. The ways in which the accomplished players organized the information was clearly unlike the emerging talents of players with no prior chess experience.
Novice teachers and experienced educators will scrutinize the same classroom events and assign contrasting instructional significance to many of them. When at home or outside of her class, encountering information that can potentially improve preparation and instruction will likely be recognized by the expert teacher, but not her newer counterpart. How varied are these educators’ brains?
We see identical events taking place in reading and language arts classes. There are students with natural advantages in linguistic skills (girls), sitting next to students with limited experiences in the language spoken in class (foreign born), as well as children who have had absolutely no personal experiences that relate to the contents of the story (where the story is about yachting and a student’s limited inner-city life has never taken him to a harbor, let alone sailing on a boat of any kind). These students can be contrasted with those whose parents read to them at a very early age and who also demonstrate a more sophisticated usage of the language. (Age is an equally crude indicator of intellectual, motor, maturational development, since each brain develops on a different timetable).
The manner in which fictional stories will be processed in the brains of students in each of these groups will vary drastically, as will the level of detail in recalling a story and its composing elements. Meaning is not conveyed; it is evoked. Activating the appropriate neural pathways for reading and understanding a given passage assumes that a child has already developed the corresponding schema (the necessary background knowledge) fostering those neural connections. The human cortex operates best by patterns not by facts. But the patterns must make sense or the individual facts are the first recall casualties. Information that is difficult to comprehend or that has no meaningful context for an individual’s neural networks will be information that is difficult to remember. As a result, the idiosyncratic human brain and the manner in which we deliver formal instruction reveal major design errors. These known facts partially explain the successes seen in smaller classes particularly in the primary grades.
The experiential paradigms of two people might offer a similar contrast. Should they watch the same movie about a man escaping through the jungle, one might say that the film is entertaining, while the other finds it quite disturbing. Knowing that the latter individual survived the Khmer Rouge in Cambodia (the "Killing Fields") will help understand the differences in processing the same movie at the same time. When a class of students reads the same material, although the words and pictures are the same, the vast range of individual cortical representations and brain circuitry gives us a new level of understanding why some students relate to the material differently and some remember it considerably better than others. The neural representations to which the new material is connected inside the brain makes comparing one student’s performance with another for grading purpose an effort that defies logic. Such a system for grading students has all of the trappings of fool’s gold. We live and exist in completely different cognitive world’s that have shaped ours into distinctly different brains that defy these simplified comparisons.
The traditionally accepted position was that once neurons were lost, they were lost permanently and new neurons were never re-generated in the human brain. That belief is beginning to show ever widening cracks. For the past several decades, scientists believed that brain cells were a finite resource; that unlike other cells in the body, those in the brain did not reproduce. In spite of this eons-old "neuro-dogma," new evidence is suggesting otherwise.
Just as a blossoming young child goes through growth spurts, there seems to be a similar set of events occurring in the brain. The human brain appears to undergo surprisingly dramatic anatomical changes (fostering corresponding behavioral modifications) during seven key periods.
1. The first is the delicate brain-building and subsequent purging (where the least-used cells and circuits die out) processes, during the prenatal stages months. Prenatal substance exposure can trigger a disruption in any of these important early processes resulting in long term brain impairments (e.g., FAS- fetal alcohol syndrome and deficits caused by poor early nutrition). 

2. Adjustments to a specific kind of environment drive the early postnatal brain alterations, during the first year of life. Here, important systems get switched on or not depending on the nature of the sensory input received from the environment. 

3. Fine-tuning of skills takes place between the ages of three and six. Around 5 or 6, the brain has reached 90-95% of the average adult volume and is 4 times larger than it was at birth. These are the years when extensive internal re-wiring takes place in the frontal lobes (involving organizing actions, planning activities and focusing attention). 

4. Between the approximate ages six and puberty, the parietal lobes begin to show a great amount activity. During this time, the skills for developing language and spatial relations reach their construction "peak." At the end of this period, the impressive growth and connecting rate falls off quickly. After puberty, mastering a new language becomes enormously challenging. 

5. Immediately prior to puberty, another spurt in brain cell activity takes place in the frontal lobe (at age 12 in boys and a year earlier in girls). These neural construction projects are suddenly and strangely placed on hold and there is a substantial loss in the frontal lobes for a decade beginning in the mid-teen years. 

6. Wholesale renovations take place during puberty and the teen years (hormonal changes, alterations in the body’s biochemistry, physical growth spurts, etc.). These massive changes are so incapacitating that there is now an increasing awareness of why teen-agers (along with chemotherapy patients) need to sleep longer, which more than justifies a later starting time for middle and high school students. 

7. The last stage is adulthood, where (although the size of the brain remains the same) the trillions of connections in the brain continue to rearrange themselves constantly throughout our years as parents, workers, job-changers, spouses, etc. in our ongoing effort to adjust to our life, environment and circumstances. That the adult brain makes such neurophysiological changes is shattering many of the traditional assumptions about neural development in humans. 
In the late 1960s, neurogenesis was discovered in the olfactory bulb, which houses the neurons responsible for processing the sense of smell. Later, researchers found that the hippocampus also replaced its neurons. The hippocampus receives partially processed sensory input from the sensory systems of the PNS and processes it into tiny morsels digestible by the memory-storage areas of the cerebral cortex. Neurons in the olfactory bulb were replaced almost monthly. In the hippocampus, brain cells were lost and restored at a much slower rate. Over the course of a lifetime, all of the neurons in our hippocampus are replaced 2-3 times.
For years, there were hints that neurogenesis might take place in humans. In the 1990s, researchers detected neuronal growth in canaries that were learning new mating songs. Just as young children must hear language before they can produce spoken words, young "normal" (neurologically and sexually healthy) male canaries must hear songs and develop the appropriate neural circuits for processing canary mating songs before they can sing them. Researchers found that the male cortex changes seasonally in order to produce the appropriate songs, but only as long as they are useful. When the cerebral cortex of canary female fetuses and young females were injected with male hormones, their brains also changed into "male" brains, and they were able to sing mating songs like their male counterparts who had been born as male birds.
Neurogenesis does occur in the hippocampus of adult macaque monkeys, which are phylogenetically very close to humans, since both species are Old World primates and have identical hippocampal structure and function. Researchers reported last year that in adult macaques, new neurons are added to three neocortical association areas (the prefrontal, inferior temporal and posterior parietal cortex), which are important in cognitive functioning
A generation ago, we would cautiously speculate about these neural activities and the corresponding structural transformations. At that time, our best evidence came by way of investigations permitted only due to misfortune or through autopsies following death. Today, not only can we observe brain plasticity, but we can also capture it pictorially with non-invasive brain-imaging techniques using perfectly healthy subjects, where we leave neither side effects nor scars.

How Does The Brain Process Learning?
For most of the mid-20th Century, the theoretical views of psychologist B.F. Skinner and other behaviorists dominated the field of psychology. Whether the focus was on pigeons learning to depress a lever to receive food or more multifaceted issues such as the complex process of language acquisition, the deliberations were always reduced to "stimulus-response." It was an unavoidable sequence of events. Even conversations about teaching and learning were reduced to the "S-R" model in order to proceed with the discussions surrounding concepts in learning theory. 

However, we now recognize a host of additional factors that undeniably influence the outcome -- learning and behavior. Unfortunately, students do not obediently "respond" (remember and immediately embrace) newly presented information. Formal education, to say nothing about parenting, has never been characterized as such an effortless venture met with instantaneous success. Educators might wish a Skinnerian approach were a realistic teaching expectation, especially on those challenging days with the most difficult of students. According to distinguished educator, Art Costa, teaching is considered to be among the most challenging professions in the world, because of the innumerable variables that are not captured in the S-R framework. The challenges instead constitute intermittent and sometimes permanent brain-based obstacles that regularly stand firmly between teaching efforts and student achievement.
The factors influencing learning and behavior
	Genetics
	+Gender

	+Pre-natal care (diet, nutrition, stimulation, etc.)
	+Emotions/emotional state

	+Early development (0-3)
	+Early nutrition

	+Parenting
	+Perception

	+Physical history
	+Neurophysiology

	+Memory
	+Diet

	+Prior learning (situated L’)
	+Self-esteem

	+Prior experiences
	+Stress factors

	+Formal Education
	

	"Learning and/or Behavior"
	


How Does Language Get Started In The Brain?
When the infant brain uses its billions of neural networks that work simultaneously with an ever-changing array of interconnections, it renders the developing brain 2.5 times as active as the adult brain. But what is going on in there?
We know that babies begin learning their native language well before birth.
The hearing process develops as early as 16 weeks (gestational age). At that time, a mother's voice regularly reaches the uterus with very little distortion. The sound waves are both produced inside her body and they pass directly through her body where the developing fetus hears that same voice. Acoustic spectroscopy, which makes possible the elaborately detailed printout portraits of sound, similar to fingerprints, has documented prenatal learning of the mother tongue. By week 27 of fetal development, even the cry of a baby is already beginning to embody some of the speech sounds, features, rhythms, and voice characteristics of the language spoken by its mother.  

In an experiment by Anthony DeCasper (University of North Carolina, Greensboro) mothers regularly read Dr. Seuss’ famous children’s story, The Cat in the Hat, at predetermined intervals during the third trimester. Once born, their infants were given several choices of recordings, which they could select by sucking on a non-nutritive nipple. The babies skillfully sucked at whatever speed was necessary to obtain their mother's voice reading "The Cat in the Hat" after only a few trials.  

Newborns react to language based on the sounds they have heard while still in utero. As a result, French babies prefer to look at people who are speaking their own language, French, while Russian babies will stare at the faces of people speaking Russian.  
While still in their mother’s womb, several musical passages were frequently played for the fetuses regularly--such as the theme music for the "Neighbors," the British soap opera, or the bassoon passage from the classic, Peter and the Wolf. The infants identified this same music immediately after birth.  

In another recent experiment, French mothers played the same children's rhyme repeated each day from week 33 to week 37 in utero. At the end of four weeks (still inside the womb) the babies responded to this particular rhyme as opposed to similar new rhymes, which they had not heard before, suggesting that they remembered the songs. 
But, how does this river of gibberish become language inside the brain of an infant? While in the latter stages of neural development, but still a resident of his mother’s womb, a growing fetus continually hears numerous sounds coming in from the outside environment that his developing brain begins to process midway through the third trimester. In the seventh month of pregnancy, a baby’s tiny brain is already making clear and early decisions on prioritizing the importance of the sounds being captured by his undeveloped auditory cortex, the part of the temporal lobe in the brain that will ultimately be responsible for processing all of the complex sounds that he will stumble upon during his life.
Chief among the sounds are the minute clues to understanding which of sounds will compose the elements that will constitute his native tongue. While floating in the womb, he distinguishes the rhythms of language from the honking of horns and the clamor of television, during Mom’s final weeks of commuting to her place of work. The filtered sounds entering through his mother’s abdomen form his first impressions of the language or dialects that he will speak perfectly in the coming years. He is already beginning to slice up the sounds into discrete chunks although the chunks, later to be recognizable words, represent absolutely nothing at this early point in his life. Indeed he does appreciate that they have value, yet he hasn’t the foggiest idea what the muffled sounds actually mean. These events are among several critical procedures that must occur in order to lay the foundations for all formal education to follow.
When a child hears the sounds of his local language, brain cells (neurons) begin to respond by regularly "firing" a consistent signal to precisely those brain cells responsible for processing sounds of that specific type. Millions of neurons were originally designated by the "blueprints" as brain cells responsible for processing the sounds of language. If these cells have not linked themselves with other neurons to process the important elements composing language, they will die. At this stage, language acquisition occurs without any formal instruction, which runs counter to conditions after puberty when the "window" for learning a foreign language begins to close.
However, at birth, every child has the innate capacity to master any of the 3,000 languages spoken on earth. He is also born with a universal grammar that gets fine-tuned by two areas. The first is responsible for understanding (processing) language, known as Weirnecke’s Area, located in the temporal lobe. The second controls language production, referred to as Broca’s Area, and is stationed in the frontal lobe. Instead of being pre-programmed to speak any one particular language or every dialect possible, the young cerebral cortex will focus its developmental activities around just the sounds that appear to have currency (as defined by regularity, and meaning) within his local environment. Words that have value will be indicated by the parents’ responses when he or utters a particular sequence of articulated "sounds," the elements of their local language. If that happens to be Korean, then Korean grammar, syntax, objects-before-verbs arrangements rather than objects-after-verbs, etc. will govern how his brain expresses ideas through language.
If the brain’s genetic program for language demanded that only a single language was permitted, it would severely limit the individual’s ability to navigate linguistically beyond the narrow confines of his immediate environment. Conversely, if the human brain were pre-programmed to speak every language on earth, its capacity for developing other vitally important talents would be drastically minimized. This high degree of environmentally-sponsored flexibility in the brain ("plasticity") gives the brain its limitless power to learn languages, or to adapt to an unlimited number of different cultures and experiences. At this stage, language acquisition occurs without any formal instruction, which runs counter to conditions after puberty when the "window" for learning a foreign language begins to close.
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