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THE
 EVERYTHING®
GUIDE TO THE
HUMAN BRAIN

Dear Reader,

My vision for this project was to create an easy, straightforward, and nontechnical guide that could explain what we know about how the brain functions. My intent was not to create a textbook, and this book would certainly not be appropriate as a text for a college course, but it might be an appropriate supplement to a textbook for a course in biological psychology.

Nonetheless, it is extremely hard not to get a little technical when discussing the brain; it is my hope that the explanations in this book are straightforward. While the book is accurate according to our current understanding of the brain, it is still very general in nature and any single chapter could be expanded to the point of being a full-length book on its own.

When writing this book, I decided to use as close to a casual conversational tone as possible. That decision may have resulted in some rambling and other foibles that I exhibit personally, but hopefully the tone of the book allows readers to understand it better. If you read this book and come away with an understanding and appreciation of just how complex the human brain is, then I have done my job.
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Welcome to the EVERYTHING® Series!

These handy, accessible books give you all you need to tackle a difficult project, gain a new hobby, comprehend a fascinating topic, prepare for an exam, or even brush up on something you learned back in school but have since forgotten.

You can choose to read an Everything® book from cover to cover or just pick out the information you want from our four useful boxes: e-questions, e-facts, e-alerts, and e-ssentials. We give you everything you need to know on the subject, but throw in a lot of fun stuff along the way, too.

We now have more than 400 Everything® books in print, spanning such wide-ranging categories as weddings, pregnancy, cooking, music instruction, foreign language, crafts, pets, New Age, and so much more. When you’re done reading them all, you can finally say you know Everything®!
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The Top 10 Fascinating Facts About Your Brain


	Your brain is forever changing. The ability of the brain to respond to experience and physical change is called plasticity.

	You have holes in your brain. There are four spaces in the brain called ventricles that protect the brain from extreme pressure, such as that caused by head trauma.

	Your brain is the original 3-D. Your eyes transmit small, inverted two-dimensional images to your brain, and your brain fills in missing information and creates three-dimensional images.

	Your working memory can only hold about five to nine “chunks” of information, and its typical duration is about thirty seconds.

	The perception of pain is paradoxical. In certain circumstances your brain can actually block the perception of pain and allow you to continue with an action.

	Everyone dreams, even those people who claim they don’t. Dreams are an attempt by your brain to make sense of the mass of information sent to it during REM sleep.

	The frontal cortex displays the most prolonged development of all brain areas, not becoming mature until adolescence.

	Attention is among the most sensitive of cognitive abilities. Difficulties with attention and concentration are some of the most common problems associated with disorders such as depression or anxiety.

	Only a small percentage of all brain activity actually reaches conscious awareness.

	Your memory is not a tape recorder. When you recall memories, your brain must actually re-create them. This re-creation is subject to outside influences (context, suggestion, emotional states, etc.) and can alter the memory of past events.






Introduction

THE 1980s WERE DESIGNATED as “the decade of the brain.” At that time fields like cognitive science, neuroscience, and other areas of brain-related study were flourishing, and it was believed that the period between 1980 and 1990 would reveal the inner workings of the human mind. Well that decade has come and gone and advances in understanding the brain have not ceased. Looking back on those years, it seems like the more that scientists learned, the more they realized that they did not understand. Science has not even begun to understand the brain. That makes writing this book all the easier because, in reality, each chapter could simply state, “No one really understands how the brain does this,” and this would be the most accurate book on brain-functioning written.

Nonetheless, science has made some exciting progress in understanding how the brain may work. Unfortunately much of this progress can be lost on those who do not have extensive backgrounds in biology, anatomy, neuroscience, and psychology. While it is necessary to have a very basic understanding of these fields in order to understand the brain, it certainly is not necessary to be an expert in any one of them. This book attempts to allow someone without expertise in neuroscience to understand how her brain works and how the brain organizes sensation, perception, thinking, and feeling.

The human brain is the most complicated entity (for lack of a better word) in the entire universe. The human brain has the capacity to perform functions that, as far as science knows, cannot be performed by any other animal or by any machine. This book attempts to explain the basic functions of the brain without using complicated computer analogies and endless neuroanatomical drawings and pictures. Computer models can be useful in understanding how neural networks signal and code information, but this book does not attempt to provide a reductionistic viewpoint of behavior. Instead, this book looks at the top-down processes of brain functioning. References allowing for more in-depth examinations of topics are provided at the end of the book, and there is a glossary at the end of the book with links to websites that enhance the book material. The motivated reader will hopefully investigate these.


CHAPTER 1

A Quick View

It is very difficult to begin a book on the brain without sounding like a cliché. The brain is certainly the most complex known entity in the universe. It is more complex than all of quantum physics (which was created by someone’s brain), all of the laws of the universe, and any other phenomenon that you can think of. This first chapter will look at some fundamental concepts that need to be addressed before discussing the brain in more detail. It will start with very basic information so that you can develop an overall understanding of how the brain functions.

The Two Different Nervous Systems

There are two major divisions of the nervous system: the central nervous system and the peripheral nervous system. The central nervous system (CNS) consists of the brain and the spinal cord. The peripheral nervous system (PNS) consists of nerves outside of the brain and the spinal cord. The peripheral nervous system is traditionally divided further into two divisions: the somatic nervous system (generally considered to be under voluntary control, such as the skeletal muscles) and the autonomic nervous system (generally considered not to be under voluntary control, such as digestion). The autonomic nervous system is further divided into the sympathetic nervous system (which functions to speed up your body’s organs) and the parasympathetic nervous system (which functions to slow down your body’s organs). This book will concentrate on the brain and its interaction with other nervous systems and the body.
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The enteric nervous system is a third division of the autonomic nervous system not often mentioned in many texts on the brain. The enteric nervous system is a network of nerves that innervate the viscera, organs in the body cavities, especially in the abdominal cavity (e.g., the gastrointestinal tract, pancreas, gall bladder, etc.).



Brain Basics

The average human brain weighs about three pounds and is the consistency of Jell-O (the pickled brains you see in jars are actually hardened). However, there is quite a bit of variation in brain size just like there is variation in body size. A person with a bigger brain is not necessarily smarter than one with a smaller brain, all other things being equal. For instance, Albert Einstein’s brain, which he donated to science after his death, is reported to have weighed only 1,230 grams or about 2.71 pounds, which is slightly smaller than average.
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A large number of brain cells are lost through attrition, programmed cell death, and other methods. However, claims that 5,000–10,000 or more brain cells are lost daily are unfounded. No one really knows how many brain cells there are and certainly no one knows how many get “lost.”



Many texts report that the human brain contains about 100 billion nerve cells (neurons) and trillions of support cells (e.g., glial cells). However, more recent estimates have suggested that this figure is somewhat overstated. Neurons are nerve cells that are specific to the CNS and are connected in a number of intricate pathways and networks. The actual number of these connections may exceed 100 trillion! It is the connections between the neurons (the nerve cells in the brain) that allow neurons to communicate with each other, and this activity is responsible for all of your actions.

How the Central Nervous System Works

For most of the voluntary actions that people make (and a good number of involuntary ones), these initial behaviors begin in the brain where they are formulated. The message is then sent down the spinal cord into the peripheral nervous system allowing one to take action. Your central nervous system operates as a type of body control center and complex communication system that is composed of a sophisticated network operating both chemically and electrically. Your brain also responds to information that is transmitted from your sense organs through your spinal cord and relayed to your brain.

Incoming information is transmitted via afferent (incoming) nerve cells in sense organs to afferent neurons on the underside of your spinal cord (the ventral, or belly, side). This information is sent through the spinal cord to your brain. Your brain then interprets this information and the appropriate action is decided on. This response is sent via outgoing (efferent) nerve cells or neurons back down your spinal cord to your muscles (or whatever part of the body that is appropriate) via the dorsal (back) side of your spinal cord.

So for instance, if you are touching a soft fur, the information about the feel of the fur is sent from your skin to your spinal cord (via afferents) to your brain. Suppose you decide that it is pleasing and that you want to stroke it further (this decision takes place in your brain). That information is sent from your brain (via efferent nerve cells) to your spinal cord and then to the muscles in your arm and hand that allow you to stroke it. Your nervous system integrates, detects, and processes countless bits of information at any given moment.
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There are situations when the brain is not involved in movement. Certain reflexes like the patellar reflex, when the doctor strikes your knee with a rubber mallet and your knee extends, do not involve your brain. These occur via a loop from the receptors in your body to your spinal cord and back again. However, for the vast majority of actions, the brain is in control.



Mixing Chemicals and Electricity: The Neuron

The main architect of everything that happens in your brain is a very special nerve cell called the neuron. Neurons come in many different shapes and sizes and there will be more concerning them in subsequent chapters of this book. The first order of business is to take a look at a typical neuron, discuss its parts, and how it basically works. Figure 1-1 is a depiction of a typical neuron.

Neurons consist of several parts: At the top part of the neuron in Figure 1-1 there are several structures known as dendrites. Dendrites receive chemical messages from other neurons. Moving down the neuron is the soma or cell body. Here all the functions needed to maintain the health and integrity of the neuron occur, such as metabolic functions and so forth. Moving further down the neuron leads to the axon, which is the signaling part of the neuron. Most axons are covered with a fatty sheath known as the myelin sheath; however, the entire axon is not covered with myelin and there are small areas where the axon is uncovered. The myelin sheaths resemble elongated pillows running down the length of the axon (these spaces in between the myelinated areas are termed the nodes of Ranvier). At the end of the axon there is a bulb where the axon terminates (the terminal bulb) and a space called the synapse that separates the axon of one neuron (the sending part) from the dendrites of another neuron (the receiving part). The neuron depicted in Figure 1-1 is a prototype; there are several different types of neurons. In Appendix B you will find a link that allows you to view actual neurons.
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Figure 1-1: A Typical Neuron
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Excitatory neurons stimulate neuronal firing, whereas inhibitory neurons reduce the rate of neuronal firing. Motor neurons are involved in motor functioning, whereas sensory neurons are involved in detecting and interpreting sensory stimulation. An interneuron connects other neurons together and is neither sensory nor motor in its functioning.



How Neurons Communicate

The process of signaling between neurons is quite complicated and will be simplified for this discussion. Basically what happens is that stimulation from sensory systems or from your thoughts results in a neuron being “activated.” Typically this consists of chemical substances known as neurotransmitters attaching themselves to the dendrites of a neuron. If a sufficient amount of neurotransmitters attach themselves to the neuron, this will result in the activation of an electric charge (an actual signal) known as an action potential being sent down the axon of the neuron.

The process of the action potential in a neuron depends on its capacity to react to a stimulus with an electrical discharge. This process is quite complicated but it involves changes in the electrical charges of the ions within the neuron compared to the electrical charges of the ions outside of the neuron’s cell wall. When the neuron is activated, the negative-based inner charge of the neuron becomes more positive due to an exchange of positively charged ions through the cell membrane via special gates. This results in a loss of negatively charged ions, which move out of the cell (when the neuron is not stimulated, this process is stabilized to maintain a relatively consistent balance). This change in the charge of the neuron results in the action potential, or electrical charge, being generated and traveling down the axon of the neuron.

The myelin sheath on the axon acts as a sort of insulator to facilitate the transmission of the electric charge. The electric charge literally jumps from space to space (the unmyelinated nodes of Ranvier) as it moves across the axon. When the electric charge reaches the end of the axon (the presynaptic terminals), it results in the release of neurotransmitters into the synaptic space. These neurotransmitters will attach themselves to the dendrites of adjoining neurons and the process will continue. Once the neuron has released its load of neurotransmitters, it is in a refractory period for a short time until the cell normalizes.

Most neurons communicate in this manner, but there are a very small number of neurons that communicate with one another via electrical charges. These neurons are called gap junctions.
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When a neuron connects with another neuron, it is said to synapse at that site. Most of the neurons in the brain communicate chemically with each other, as this allows for a wide variation in the types of messages that can be sent and a greater potential to mediate the signal firing and signal strength than if neurons communicated via an electrical impulse.



Every neuron is only activated by a specific neurotransmitter or a specific set of neurotransmitters. Thus, the signaling between neurons is accomplished via a chemical process (neurotransmitter), whereas the messaging within the neuron is accomplished via an electric charge (action potential). These chemical communications between neurons and the communications they deliver result in your thoughts, feelings, and actions.

Neurotransmitters

Neurotransmitters are chemical substances that the brain uses for communication between neurons and are created within neurons. There are hundreds of chemical substances that qualify as neurotransmitters. These substances are not used exclusively in the brain, although when they are utilized in the brain, they are called neurotransmitters. Outside of the brain when the same substances travel through the bloodstream, they are referred to as hormones. For example, the neurotransmitter serotonin, known to be important in mood, is also important in the process of digestion and is found in the gut. Most neurotransmitters have multiple functions. The neurotransmitter dopamine has important functions regarding your mood, movements, and memory.
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The movement of the action potential down the axon of a neuron is one-directional. An action potential travels down the neuron toward the synapse—never the other way around. Once an action potential traverses the nodes of Ranvier, the upstream portion of the cell enters a refractory period and cannot generate a new action potential for a short period of time.



Neurons fire on an “all or none” basis; that is, there is no such thing as a neuron firing halfway (there is no such thing as half of an action potential). Neurotransmission is regulated by how often, how fast, or by the pattern of neuronal firing. Some neurotransmitters excite the system (cause a more rapid firing of neurons); some inhibit the system (cause neurons to fire at a slower pace); and others modulate how neurons fire. It is through these patterns of firing that the different signals are sent back and forth in the brain and to the body. The following table lists several of the more common neurotransmitters. You can also find a link to a site in Appendix B that can provide you with more information about neurotransmitters.
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	Neurotransmitter
	Basic Function



	Dopamine
	Responsible for arousal levels, mood; important in motivation; involved in voluntary movements



	Serotonin
	Effects on mood and anxiety, appetite, sleep, memory and learning, temperature regulation, and other functions



	Acetylcholine
	Controls activity in brain areas associated with attention, learning and memory, movement, and other functions



	Epinephrine (Adrenaline)
	Effects on attentiveness and mental focus; outside the CNS, it is involved in the “fight-or-flight response”



	Glutamate
	The major excitatory neurotransmitter in the brain



	Enkephalins and Endorphins
	Modulate pain, reduce stress, and promote a sensation of calmness; related to opiate drugs like heroin, they also decrease physical functions such as respiration



	GABA (Gamma-aminobutyric acid)
	The major inhibitory neurotransmitter in the CNS, it helps neurons recover after transmission, reduces anxiety, and reduces stress




Other Types of Cells in the CNS

Neurons are not the only cells in the brain and spinal cord. There are other cells such as glial cells, which perform a number of functions in the brain. At one time it was believed that glial cells were just support cells; however, it is now known that glial cells perform other functions. These functions include surrounding and holding neurons in place, supplying nutrients and oxygen to neurons, insulating one neuron from another neuron, forming myelin, and destroying and removing dead neurons. Three types of CNS glial cells are astrocytes, oligodendrocytes, and microglia. While there are billions of neurons in the brain, there are one to five trillion glial cells in the brain, or nearly ten to fifty times more glial cells in the brain than neurons!

Astrocytes perform numerous functions. They support the endothelial cells (a thin layer of cells lining the interior of blood vessels) that form the blood-brain barrier, provide nutrients, and help repair the brain and spinal cord following trauma. The major function of the oligodendrocytes is to provide support for axons and to produce the myelin sheath that insulates them. Microglia are the immune defenses in the CNS constantly hunting for damaged neurons and infectious agents.

The Spinal Cord

An extremely important part of the CNS is the spinal cord. Without the spinal cord your brain would be totally useless. It is important to remember that the brain cannot transmit information or receive any information without the spinal cord. The human spinal cord is about 18 inches in length (about 44 to 45 cm, but it is typically slightly longer in men than in women). The spinal cord is housed by the spinal vertebrae that offer some protection from injury. Neurons project from the spinal cord to other areas of the body, and nerves from the body project to the spinal cord.
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Cranial nerves emerge strictly from the brain, as opposed to spinal nerves that project from segments of the spinal cord. In humans, there are twelve pairs of cranial nerves that are involved in different functions. Ten of the pairs of cranial nerves project from the brain stem, whereas two pairs project from the cerebrum.



When the spinal cord is transected (cut) or damaged, the brain cannot communicate with regions of the body below the site of the cut. There are three major functions of the spinal cord:


	Acting as an agent for transmitting motor information, which travels from the brain, down the spinal cord, and to the body


	Acting as an agent for the relay of sensory information, which travels from the body to the brain


	Acting as a center for coordinating some types of reflexes




Neuroimaging and Other Ways of Looking at the Brain

Structural and functional brain imaging has revolutionized the fields of neuroscience and medicine. The American neurosurgeon Walter Dandy first introduced ventriculography and later developed pneumoencephalography, both imaging methods in the early 1900s that often required the pumping of air into the brain; however, both procedures carried significant risks and could be quite painful. The technique of cerebral angiography was introduced in the late 1920s by neurologist Egas Moniz. This is a technique that takes pictures of the veins and arteries in the brain. This technique became refined and is still an important tool that is used today in neurosurgery.
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Brain imaging can be noninvasive, such that no penetration of tissue occurs (CT or MRI), or invasive, where there are such tissue penetrations (PET, fMRI). The brain is never penetrated. Invasive images sound threatening, but there typically is no more than minimal discomfort involved as only an IV is used.



Further advancements, such as computerized tomography (CT), magnetic resonance imaging (MRI), and positron emission tomography (PET), have led to researchers and physicians being able to visualize the brain and other areas of the body for diagnostic, treatment, and research purposes. The advancements in neuroimaging have led to many remarkable discoveries. CT scans literally take x-rays of brain tissue, whereas MRI scans use a completely different technique that results in a much more detailed image of the brain tissue. These two techniques are known as structural imaging techniques in that they take a static picture of the brain and can be used to determine changes in brain structure. PET scans are a method whereby researchers can view the metabolic changes in the brain, thus PET scans and other scans like them such as functional MRI (fMRI) are known as functional imaging techniques. During a PET scan, a harmless radioactive isotope is injected into the bloodstream and tracked to allow researchers to study brain metabolism.

Electroencephalography (EEG) is the recording of electrical activity of the brain by placing electrodes along one’s scalp. Physicians who specialize in performing and interpreting neuroimaging techniques are called neuroradiologists.

There are a number of other advanced neuroimaging techniques and new developments in the field of imaging the brain being made all the time. There are several links provided in Appendix B to allow you to see how these techniques appear.


CHAPTER 2

Dividing Up the Brain

In order to understand cognition, emotions, and other facets of experience, you must first understand the basic structure of the brain and how the basic parts work. This chapter will introduce the basic divisions of the brain and their associated functions. One thing to keep in mind is that different neuroanatomy texts may differ in description of what components make up a particular structure. This book depicts brain structures as most anatomists describe them.

North-South-In-Out: Directional Descriptions

The first thing to understand is the directional format that is used when describing the brain. Anatomists use specific terms to describe the front, the back, the top, the bottom, the sides, and inner structures of the brain. For example, the dorsal (back)/ventral (belly side) distinction was discussed previously during the discussion of the spinal cord. These distinctions can also be made in the brain. A brain area/structure located toward the top of the brain or above another structure is typically depicted as being superior to that structure, whereas something that is more toward the bottom or below another structure is typically depicted as being inferior to it. In general when discussing the human brain, the terms dorsal and superior are equivalent, and ventral and inferior are equivalent terms. When neuroanatomists speak of a structure located on the side of the brain, they use the term lateral, whereas structures that are closer to the midline of the brain (toward the middle of inner portions) are considered to be medial. Moving toward the front portion of the brain (the front of your skull) is often referred to as being anterior (the older designation for this is rostral), whereas moving toward the back of your head is referred to as being posterior (older books may use the term caudal). The rostral/caudal designation is less confusing in animals that walk on four legs and have a tail but does not translate well in humans, and many often find it difficult to visualize. To simplify things, this book will attempt not to use such terms without explaining them. Figure 2-1 depicts a typical brain.
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Figure 2-1: The Human Brain



Likewise, there are different perspectives that one can take when viewing the brain. Figure 2-2 depicts the different perspectives of the horizontal plane, sagittal plane, and coronal plane designations that allow researchers and clinicians to view the brain from different angles.
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Figure 2-2: The Axis of the Central Nervous System



Forebrain, Midbrain, Hindbrain

Some anatomists prefer to divide the brain into three sections: the forebrain, the midbrain, and the hindbrain. This distinction allows for the identification of more recently developed brain areas in terms of evolution and is consistent with higher order and lower order functions. The forebrain would be responsible for higher-order cognition, whereas the midbrain and hindbrain are responsible for more remedial or life-sustaining functions and allow for transitioning between the brain and spinal cord. These three categories divide the brain from the inner to outer sections.


	The forebrain is the most outward portion of the brain, consisting of the cerebrum, the limbic system, basal ganglia, the thalamus, and the hypothalamus (the forebrain may also be listed in texts as the telencephalon and diencephalon). The cerebrum refers to the lobes of the brain and the cortex of the brain. The limbic system is made up of the hippocampus and the amygdala, structures that are important in memory and emotion. The basal ganglia are composed of several structures that facilitate movement and aspects of cognition. The thalamus acts as a relay station that categorizes all sensory information entering the brain (except for the sense of smell) and then sends this information on to the appropriate areas of the brain. The hypothalamus is located just below the thalamus and is important in a number of functions, such as eating, drinking, sexual behavior, and hormone regulation. Collectively, the thalamus and hypothalamus are sometimes referred to as the diencephalon.


	The midbrain (mesencephalon) serves to relay information between the hindbrain and the forebrain, particularly for visual and auditory information.


	The hindbrain (myelencephalon) is the lowest portion of the brain and includes the pons, the cerebellum, and the medulla. The pons serves as a bridge toward the midbrain and has important functions in arousal and sleep. The cerebellum is a very important brain structure that is involved in coordinating body movements and in aspects of cognition. The medulla is the point where the brain connects to the spinal cord. This structure is important in regulating breathing and other automatic body functions.




What’s with All the Wrinkles? Gyri and Sulci

The brain is covered with the cerebral cortex (which means bark or hide). The cortex has a convoluted look that is prevalent with “wrinkles” that cover the exterior of the brain. These wrinkles are referred to as gyri (gyrus for the singular). The cracks are referred to as sulci (sulcus in the singular). Some sulci run very deep in the brain, and these sulci are known as fissures. This arrangement of wrinkles and cracks allows a much broader surface area of tissue to be packed into a relatively small space in much the same way you can take a piece of paper, crumble it up into a ball, and fit it into a much smaller container than you could if it were left flat. This maximizes the functional area of your brain without giving you a head the size of a small end table.

There is quite a bit of variation in the appearance and length of the gyri and sulci and many of these are well described. Some gyri or sulci also separate lobes of the brain from one another or have different functions; however, in many cases they do not. The pattern of sulci and gyri in the human brain demonstrates quite a bit of variation between people and also between the two halves of any individual brain.
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It is a myth that learning something new adds wrinkles to the brain. A fetus starts out with a smooth brain, but the gyri develop as the fetus develops. The wrinkles or gyri in the brain are distinct anatomical structures, relatively consistent across individuals, each with a designated name and location.



Lateralization: Left Brain or Right Brain

One of the most prominent distinctions in brain anatomy and brain functioning is the distinction of the cerebral hemispheres. These hemispheres make up the two halves of the brain: the left hemisphere (or “left brain”) and the right hemisphere (or “right brain”). The two halves of the brain make up the entire brain and are distinctly separated by the longitudinal fissure, which is the deep groove in the center of the brain. Each hemisphere demonstrates some specialization of functions. For instance, the left hemisphere specializes in language, verbal memory, and logical thinking, whereas the right hemisphere appears to be more specialized for visualspatial functions, nonverbal functions, understanding humor, and is involved in more intuitive types of processes. In addition, motor and sensory functions are lateralized such that the left side of the brain controls the right side of the body, and the right side of the brain controls the left side of the body. The advantage of brain lateralization appears to be that it allows the organism to be able to perform different tasks simultaneously. Other theories for brain lateralization include:


	The analytic-synthetic theory, which surmises there are two basic modes of thought: analytic and synthetic modes. These have become segregated as a result of evolution and assigned to the left and right hemispheres, respectively. The problem with this theory is that it is a bit vague; it really is not possible to determine tasks that are purely “analytic” or “synthetic.”


	An outgrowth of the analytic-synthetic theory is the linguistic theory, which states that the primary role of the left hemisphere is language. Supporters of this theory point out that people who use sign language also appear to have left hemisphere–based language (for most people, language functions are located in the left hemisphere). However, there is no reason offered as to why the left hemisphere should be language dominant.


	The motor theory of cerebral lateralization states that the left hemisphere is involved in the control of fine movements (of which language is one), and the right hemisphere is specialized for broader or gross movements. However, this theory does not suggest why these motor functions became lateralized in the first place.
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When describing structures on the same side of the brain, the term ipsilateral is used. When describing a structure that is on the opposite side, the term contralateral is used. For example, the left hemisphere of the brain is contralateral to the right hemisphere.



Connecting the Two Halves and the “Split Brain”

Even though the brain is lateralized, both hemispheres are connected by tracts of nerve fibers known as commissures. These commissures allow the two halves of the brain to communicate with one another. The most prominent commissure is the corpus callosum, which is a large tract of neuron fibers that connects the left and right hemispheres of the brain. The corpus callosum has been the focus of important research allowing scientists to understand brain functions.

Patients with epilepsy have provided science with some interesting findings regarding the differences in the two hemispheres of the brain, based on a surgical procedure to treat their disorder that involves severing the corpus callosum. Epilepsy is a brain condition that results in seizures. Typically, an area of the brain is damaged or dysfunctional (either from birth or via some traumatic event) and the neurons in that area occasionally fire erratically. This leads to the erratic message being sent throughout the brain and across the corpus callosum, affecting the entire brain. When this happens people can have severe seizures. In some cases these seizures may not respond well to medication. In the 1960s, a surgical procedure called a corpus callosotomy, where the corpus callosum was cut, was used to control these seizures in patients. The idea behind the procedure was to reduce the spread of the epileptic neural discharges in the brain in order to control the severe seizures. Cutting the corpus callosum would not allow the abnormal discharge to spread throughout the entire brain. While the seizures were controlled as a result of the surgery and the patients did not demonstrate any major issues at first, there were also some other effects on those who had the surgery. Most of the communication between the left and right cerebral hemispheres of the brain was severely impaired. This led to the designation of so-called split-brain patients.
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You might often hear people saying they are “left brained” or “right brained” due to their talents or learning preferences. It is important to remember that the brain does not know the distinction between being “left brained” or “right brained.” A person’s strong points and their weak points result from complex interactions between genetics and environmental experiences. The distinction of being “left brained” or “right brained” is just a myth.



Research on split-brain patients has revealed many interesting findings. For instance, when an object was shown to the left visual field of these patients (seen only by the right hemisphere), subjects could not name the object later (a language function requiring the use of the left hemisphere) but could point to it with their left hand (a right hemisphere function because the right hemisphere controls the left side of the body). Some of these patients exhibited some peculiar difficulties, such as dressing themselves and then finding that one hand, typically their nondominant hand, would start undressing them. While this may sound humorous, these types of behaviors were quite annoying for these individuals. Appendix B includes a resource describing much of the research performed on these patients, the research findings, as well as left-brain/right-brain differences.

Cortical and Subcortical Areas

The cerebral hemispheres are covered with the cerebral cortex, which is a layer of tissue approximately three millimeters thick. As previously discussed, the cortex is convoluted (the gyri and sulci), but it is also made up of six parallel layers (called laminae). The laminae vary in thickness and prominence from one area of the cortex to another area, and a particular layer may be absent in certain areas of the cortex. Neurons in the cortex are not randomly arranged but are arranged in an orderly fashion. Some layers send projecting axons to other brain regions, whereas some layers receive projections from other brain areas. When brain tissue is preserved, the cortex takes on a grayish appearance, hence the term “gray matter.”

Almost all the cortex one sees when viewing the brain is neocortex (new cortex). It is the neocortex that separates mammals from lower animals. Other forms of cortex are:


	The mesocortex, consisting of the cingulate gyrus in the medial (middle) portion of the brain, between the hemispheres and above the corpus callosum, and the insula, which are cortical areas folded within the sulcus between the temporal and frontal lobes


	The allocortex, which consists of the primary olfactory cortex and a structure called the hippocampus that is important in memory




Organization

The cells in the cortex are organized into columns of neurons with similar properties. These columns are perpendicular to the laminae (layers of the brain). The neurons within a given column have similar related properties and make connections with each other. For example, if one neuron in a column responds to touch on the right palm of the hand, then the other cells in that column will also respond to touch on the right palm.
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