
   

CHAPTER THREE  

MACHINERY OF THE MIND 

 

When you look at a human brain. It doesn’t seem very impressive. But what it does is impressive. 

Your brain is involved in every aspect of your life. Everything that's covered in the rest of this book 

is related to activity occurring in the brain. Most of the information about the workings of the brain 

is integrated into the chapters of the text, explaining how brain functions relate to thinking, feeling 

and behaving.  

  If you ever get a chance to talk to a brain surgeon ask what it’s like to work on someone’s 

brain. Surgeons are trying to repair or remove a damaged area must be incredibly careful not to 

cause more damage. This is especially true of speech and language areas. To make sure they are not 

causing damage, the patient must be awake during the operation. Brain tissue has no pain receptors 

so it doesn’t feel any pain and the surrounding area is kept pain free by a local anesthetic. During 

the procedure the surgeon will talk to the patient, asking question and have them read, speak, and 

move various parts of their body. Brain surgeons have told me that at times, they suddenly realize 

that they are having a conversation with the organ they are operating on. That doesn’t happen with 

any other surgery. A liver is just a liver, a heart is just a heart, but a brain is the person. 

 Your brain doesn’t just communicate with other people, it communicates with the rest of your 

body: receiving information from your senses, processing it, and sending messages to your muscles. 

How does it do that? In this chapter I’ll describe the brain’s basic components, the organization of 

the nervous system, from simple to complex, and the functions of the major brain structures. 

 

NEURONS: GETTING WIRED   

Imagine that you entered a contest to build a simple robot. There’s a nice prize, and all your robot 

has to do is to move forward when a light is turned on, and stop when the light is turned off. Before 

you head for the hardware store you probably want to make a parts list. A robot needs a frame, 

some wheels, and a motor (batteries not included). Anything else? Think about what your robot has 

to do. When the light is on, it has to move. So it needs a light sensor that will respond when the light 

is on. It needs one more thing— something to connect the light sensor to the motor— a few inches 

of wire should work just fine. The light sensor is like a switch, when it’s activated, the wire will 

complete the circuit to the motor and the robot will roll. In your body, the wires are nerve cells, or 

neurons. In the simplest circuits neurons connect sensors and motors (muscles).  
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 If your robot had to do something more complex, such as figure out when it was low on 

power, find an electrical outlet, plug in, avoid obstacles, not fall down stairs or run into walls, you 

would have to install more hardware. You’d need more sensors and a computer so the robot could 

digitize, analyze, calculate size and go for the prize. In other words, process a lot of information 

before producing some kind of action. In a way, animals are like that robot. They take in 

information and use it to guide behavior. In living creatures, of course, there are no wires or 

computer circuits. Neurons make the connections, form the circuits, and process the information. 

The nervous systems of all species operate the same way, so researchers have learned a great deal 

by studying rabbits and rats, dogs and cats, monkeys and mice, slugs, bugs and students on drugs.  

 

Biological Hardware 

Your body’s computer is the central nervous system (CNS): brain and spinal cord. The peripheral 

nervous system (PNS) provides input to, and output from your CNS. Sensory neurons carry 

information into the CNS and motor neurons send instructions out of the CNS to move muscles.  

 Beep...beep...beep. Sensory neurons carry information about the sound of the microwave to 

your brain. Your bag of popcorn is done. Motor neurons take action — you open the door and grab 

the bag — HOT! HOT! Sensory neurons again. Letting go of the bag—Motor neurons. The 

simplest behaviors involve only sensory and motor neurons, but most behavior is complex and 

involves interneurons that carry messages within the CNS forming elaborate circuits. 

 



3-3 
Sending messages  Neurons have different shapes and sizes based on their particular function, but 

most neurons have a soma (cell body), dendrites, an axon, and terminal buttons. (See figure above) 

The soma contains the nucleus and maintains life processes for the neuron. Branch out from the 

soma are many dendrites and a long thin axon. The axon then branches into hundreds of smaller 

filaments that end in structures called terminal buttons that communicate with other cells by 

releasing chemicals. These junctions between cells are called synapses.  

There are three basic types of neurons based on their shape. (See figure below.) The 

evolutionarily oldest is a bipolar  neuron. It looks like a spherical cell with the membrane stretched 

out on either side: two process, dendrite on one side and axon on the other. Unipolar  neurons have 

only one process attaching the soma to the axon. Sensory neurons are usually unipolar. The most 

recently evolved neurons are multipolar . Their somas have many processes, branching dendrites 

and a single axon. There are actually two kinds of multipolar neurons: a projection neuron, like the 

one below, with a long axon that sends information over long distances, and a local circuit neuron 

with a short axon that looks like a dendrite, and interacts with many other neuron that are close by. 

 

Dendrites and soma receive input from other neurons or from the outside world, process this 

input and determine whether to send a message along the axon or not. When a message, called a 

neural impulse, reaches the terminal buttons, a chemical called a neurotransmitter , is released 

onto another neuron. Neurons form circuits that make up the structural basis for brain function.  

Synapses also occur on muscles and glands. On muscle cells the neurotransmitter causes a 

muscle contraction — a twitch. On glands it causes chemicals to be released, such as adrenaline or 

saliva. When you get right down to it, behavior is essentially twitching and squirting. 
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TO PROTECT AND SERVE 

Your brain is made of more than just neurons. The CNS is surrounded by protective membranes; 

has fluid cushioning inside and out; and has a specialized blood supply. Both the CNS and the PNS 

have many supporting cells. Within the CNS, groups of cell bodies are called nuclei, and groups of 

myelinated axons are called tracts. In the PNS, groups of cell bodies are called ganglia, and groups 

of myelinated axons are called nerves. 

 

Neuroglia 

Neuroglia or glia cells, make up 50% of brain mass. There are ten times more glia than neurons. 

Glia are much smaller than neurons. Within the CNS there are three kinds of glia cells: 

1) Astrocytes (or astroglia) – Looking like little stars, astrocytes hold neurons in place, provide a 

stable extracellular environment, transport nutrients into neuron from capillaries, and isolate 

synapses from one another. One type of astrocyte acts to clean up cellular debris by moving to 

damaged areas where they undergo mitosis, making enough cells to digesting dead and dying cells, 

and walling of the damage by forming scar tissue. This actually causes a problem because it 

prevents axons from regrowing to their original locations: no regeneration of axons within the CNS.      

 

 

 

 

 

 

 

 

 

 

 A more accurate illustration of astrocytes would show that the dendrites and somas of a 

neuron are almost completely covered by sucker –like extensions just like the ones covering the 

capillaries. The astrocytes (seen above in a photomicrograph on the left, and an illustration on the 

right) cause the capillaries within the brain to differ from those in the rest of the body. The single 

layer of cells that make up a capillary are usually organized loosely with gaps between the cells 
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through which substances can readily pass. Neurons, however, are very sensitive to toxins being 

carried in the blood so the capillaries in the brain form ”tight junctions” so that nothing get in or out 

easily. In concert with astrocytes this forms the blood-brain-barrier . Only very small molecules  

such as CO2, O2, and fat-soluble molecules can easily pass in or out. Glucose, larger molecules, and 

water-soluble molecules must be actively transported by astrocytes to or from the blood. By the 

way, this also causes a problem when doctors need to get certain drugs into the brain as part of 

medical treatment.   

2)  Oligodendrocytes (or oligodendroglia) – These glia send out extensions that wrap around and 

around nearby axons, making a cell membrane rollup, called myelin. Myelin is white because the 

cell membrane is made of lipids, and this fatty material is white. One oligodendrocyte forms many 

small segments of myelin on several adjacent axons. Each segment is about one millimeter long, 

making the axon look like a skinny string of white beads. (Illustrations of neurons usually show the 

myelin sheath, without drawing attention to the actual glia cells.) The myelin acts as insulation for 

the axon, much as the plastic cover on a copper wire. Myelin increases the speed and efficiency of 

nerve impulses. You’ll see why in Chapter Four.   

 

3) Microglia – Microglia move throughout the brain like amoebae sampling the extracellular 

fluid. The body’s immune system uses white blood cells, but they cannot pass through the blood-

brain-barrier, so microglia are the brain’s immune system. When they detect molecules related to 

cell damage they move to the damaged area, engulf and digest the cellular debris. 

 In the PNS there are two kinds of glia cells: 
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1) Schwann cells – Myelin outside of the CNS is made of Schwann cells. Each segment is  

 

 

one single Schwann cell wrapping itself around one axon. Below you can see this in cross section.  

 

 

 

 

 

 

 

 

 

 

 

 

 Unlike the CNS, axons in the PNS do regenerate. When an axon in the PNS is cut, the section 

still attached to the soma will remain alive while the other end dies. The Schwann cells maintain 

their shape, making a tube into which the regenerating axon can grow. When I was attacked, my 

facial nerve was crushed and I lost feeling and muscle movement of the left side of my face. But 

those neurons are part of the PNS and the axons started to grow back along the tunnel made up of 
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Schwann cells. Under ideal conditions, peripheral nerves grow a couple of millimeters per day. It 

took a few months, but I finally regained feeling and muscle control, except for one small area 

where the sensory nerves originally coming from the inside of my eyelid, followed slightly 

displaced Schwann cells, and grew back to my cheek. It now feels like I’m touching my eye when 

I’m touching my cheek. For me, shaving my left cheek is sometimes exciting.        

Watch great athletes like Serena Williams or LeBron James in action, the grace and power 

of their movements may make you think “these people have great muscles.” But it's not just their 

muscles, it's their nervous systems that are great: organizing and coordinating millions of motor 

neurons to activate individual muscle twitches into a sublime athletic performance. 

Clearly, nerve impulses must travel quickly. To increase the speed of neural impulses axons 

are usually covered by myelin. Unfortunately, in a small percentage of people myelin breaks down. 

Multiple Sclerosis (MS) is an autoimmune disease in which the body makes antibodies that attack 

and destroy the myelin in the CNS. The result is slower and short-circuited nerve impulses and even 

neuron death as the disease progresses. The symptoms vary depending on the location and severity 

of the damage, and often include muscular weakness, loss of coordination, numbness, and visual 

disturbances. 

Development of the Nervous System 

About 10 days after sperm and egg have combined, the embryo is an elongated hollow ball of about 

a thousand cells. By day 18, there are three distinct layers of cells: the ectoderm (outer layer), the 

mesoderm (the middle layer), and the endoderm (the inner layer.) As you can see, the ectoderm  

 

forms a groove then a fluid filled tube, as other ectodermal cells make up the skin. The mesoderm 

also proliferates eventually forming the body wall, muscles, heart, bones, arms and legs. The 
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endoderm forms the digestive tract. At 21 days some ectodermal cells break away and grow 

throughout the body, making the PNS. The remaining ectoderm proliferates to make up the CNS. 

At 40 days there are four divisions of the CNS: forebrain, midbrain, hindbrain, and spinal cord, all 

of which are filled with a fluid called cerebral spinal fluid (CSF.) In some animals this is the end 

of brain development, but not in humans. At 60 days, what I call the Mickey Mouse brain forms. 

The forebrain expands in two large hemispheres, called the telencephalon, which cover an interior 

 

diencephalon. (Encephalon means “in the head”.)  The midbrain, in blue, is the mesencephalon. 

The hindbrain is divided into the metencephalon and mylencephalon. The cavities, from top to 

bottom are: lateral ventricles (1st and 2nd), the 3rd ventricle, the cerebral aqueduct, the 4th ventricle, 

and the central canal within the spinal cord. Here’s what the ventricles look like in an adult brain.    
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Below you can see what brain growth looks like beginning at 10 weeks and continuing to birth. The 

brain actually makes a couple of folds, kind of like the number ���� �   

 

These images are about 1/3 of actual size. What you don’t 

see here are the layers of tissue that surround 

and protect the brain (and spinal cord.) These 

protective sheaths are collectively called the 

meninges and consist of three layers. The outer 

layer is tough and leather-like; it is called the 

dura mater (meaning hard mother) and is attached  

to the skull. The arachnoid membrane is the middle, 

layer, and gets its name because of its web-like structure. 

The inner layer is called the pia mater (soft mother), 

And is attached to the brain, conforming to every 

bump and groove of the brains surface. Between  

the pia mater and the arachnoid membrane is the 

subarachnoid space, which carry large blood vessels  

and is filled with CSF. So the brain is protected by the 

skull, the dura mater, and cushioned from the inside  

and the outside by CSF. The entire CNS, brain and  

spinal cord are is actually floating in CSF.  

See the image below. 
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It is difficult to visualize the internal structure of the three-dimensional brain using two-

dimensional figures. To do so, sections are cut through three different planes. The terminology is 

shown below. In a sagittal section, anything toward the middle is called medial, toward the sides is 

called lateral. In a coronal section, anterior  is toward the front, posterior toward the back. In a 

horizontal section, dorsal is toward the top and ventral is toward the bottom or underside. 

 

 

PNS AND SPINAL CORD: SOLVING SIMPLE PROBLEMS 

Recall that the central nervous system (CNS) is the brain and spinal cord, and neurons outside the 

CNS, those that enter or leave the CNS make up the peripheral nervous system (PNS). The PNS is 

further divided into the somatic nervous system (senses the environment and controls skeletal 

muscles) and the autonomic nervous systems (controls the internal organs and glands.) 

Somatic Nervous System: Moving Muscles   

The simplest arrangement of neurons in the nervous system is a circuit called a reflex. The knee 

jerk reflex is the best known. A quick tap just below the kneecap causes sensory neurons to fire 

nerve impulses into the spinal cord where they synapse on motor neurons that fire back to the thigh 
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muscle causing it to shorten, and the leg kicks up (see below). Reflexes provide for extremely rapid 

automatic responses to counteract sudden changes in the environment. 

 

Reflex  Get a friend to gently tap your patellar tendon while you sit on something high enough so 

that your legs dangle. When your leg kicked up you also feel the hammer hit your? Why? Because 

that the sensory neuron has synapses not only  

on the motor neuron but also on a neuron that  

carries the message up the spinal cord to the  

brain. When, and only when, the neurons in 

the brain are activated do you have the 

conscious experience of your leg being hit. 

 This drawing is a little complex, 

but I hope you can see the sensory neuron 

coming from the receptor, and synapsing  

(interacting) with several other neurons. 

Some are interneurons moving across the 

spinal cord, and others are actually moving 

up or down the cord. Movement that is the 

result of a reflex is involuntary .  More 
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complex reflexes involve more neurons. The expression "running around like a chicken with its 

head cut off" means that someone is unfocused, doing things in a haphazard, careless way. The truth 

is that a chicken really can run around after its head has been cut off. Headless chickens run because 

of complex reflexes within the spinal cord; it doesn't require a brain. Of course, the chicken can see 

where it’s going, and it is squirting blood like a geyser of water from a whale’s blowhole. Yuck!   

Here's an example with less bloodshed. Your dog, Cody, is asleep in front of the fireplace. 

You sneak over and scratch his ribs and his leg immediately begins to jerk back and forth 

convulsively. (Don’t do it too long because Cody also has brain structures for anger and attack.) 

 Even though the input is simple, Cody's reflex is really quite complicated, giving rise to 

many coordinated and well-timed movements. As you’ve seen above, there can be many neurons 

interacting with one another in complex circuits between input and output courtesy of interneurons.  

 

Not a reflex  Try this. Kick your leg out just as if your patellar tendon had been hit. How did you 

do that? Neurons in your brain sent impulses down your spinal cord and activated the same motor 

neurons that move your leg during a reflex. Movement initiated by the brain is called voluntary. It 

can be simple: raising your arm, or complex: a double flip in the laid out position with two twists.  

 

When someone hits you on the arm, and tells you to be quiet and listen to Obama’s speech, 

you feel it because sensory neuron from your arm run into the spinal cord and synapse with 

interneurons, that send their axons up the cord to your brain. When you voluntarily move your arms 

and hands to clap at a line in Obama’s speech, you can do so because interneurons in your brain 
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send axons down your spinal cord to synapse on motor neurons that move you arms. Dendrites, cell 

bodies and terminal buttons in these synapses are all gray in color. The axons running up and down 

the spinal cord are gray also. But those microscopic axons are covered by myelin. In fact the axons 

are so small that you can’t se them, all you can see is the myelin, and myelin is white. Look at the 

cross section of the spinal cord. The center of the cord looks like an H, or a butterfly. It is made up 

 

mostly of dendrites and cell bodies. The surrounding tissue is made up of axons covered by myelin, 

and is called white matter. The gray is called … you guessed it, gray matter. 

Actor Christopher Reeve severed his spinal cord at the neck in a fall from a horse. Information 

cannot get from his body to his brain because the axons have been severed, so he can feel nothing 

below the cut. Likewise, information cannot get from his brain to his body so he has no voluntary 
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movement below the cut. What about reflexes? Is there any damage to the paths of the sensory or 

motor neurons? No. Is there anything to stop those neurons from firing? No. Reflexes can still occur 

below the level of the cut. With time muscles atrophy and the reflex will diminish in size. 

When axons in the CNS (brain and spinal cord) are severed, glia cells clean up the dead cells 

and form scar tissue that the axon cannot penetrate. As a result, this damage is permanent. There is a 

great deal of research being done to find ways of repairing CNS damage. Remember, the story is 

different for neurons in the PNS, where cut axons can regenerate.  

  

Autonomic Nervous System The part of the PNS that we've been talking about, and over which 

you have voluntary control, is called the somatic nervous system. The other part that you normally 

cannot control is your autonomic nervous system. It automatically regulates your internal organs, 

glands, and muscles of the intestines, stomach, arteries and heart. The autonomic nervous system is 

composed of two opposing subsystems: the sympathetic division and the parasympathetic 

division. As you can see in the figure below, these systems work on the same internal structures, but 

they have opposite effects. The sympathetic is active when you are active. It increases your heart 

and respiration rates and opens your airways so you can perform vigorous activities. The 

parasympathetic, on the other hand, decreases heart rate and promotes a calm, restful state. Briefly 

put, the sympathetic is the “fight or flight ” system, the parasympathetic is the “rest and digest”  

system. 
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As its name implies, the autonomic nervous system takes care of these internal processes on 

its own. You don’t have to think about controlling your heart rate, you can attend to other matters, 

such as reading this paragraph. If you had to consciously control breathing, coughing, heart beat, 

stomach and intestinal contractions and secretions you wouldn’t have time for anything else. 

 

CNS: THE BRAIN SOLVES COMPLEX PROBLEMS 

Even a casual comparison of humans to other animals quickly reveals human physical deficiencies. 

Many animals are stronger, can run faster, jump higher or farther, go longer without food or water, 

hide better, hunt better, hold their breath longer, or endure colder temperatures. These capabilities 

evolved because they helped those animals to survive and reproduce. Humans, however, have an 

evolutionary adaptation that has produced unrivaled success in the animal kingdom, and that, of 

course, is the human brain. It is the source of prodigious capacities to learn, to create and use tools, 

to use language, and solve complex problems. It allows humans to overcome physical deficiencies. 

When you look at the three-pound lump of tissue that is a human brain, it doesn't engender any 

sense of awe or amazement. It looks like a wet, wrinkled, blob of fat. What it does, however, makes 

the brain arguably the most powerful living thing on Earth. The universe can exist within the brain, 

and not just the brain, but your brain. No computer or system of computers in the world can do what 

your brain does as you simply walk around campus recognizing and greeting friends and carrying 

on conversations. It's not even close! 

Your brain is so important that even though it's only 2% of your bodyweight, it requires 

more than 20% of the blood pumped from your heart. Your body runs on glucose and fats. Your 

brain runs only on glucose—it’s a sugar junky and requires a constant supply. It uses the equivalent 

of 20 plain M&Ms worth of glucose per hour, every hour, 24 hours a day. (You might want to fuel 

up before beginning the next section.)  

Having a big brain is extremely valuable, but it has a tremendous costs. Evolution didn’t 

select it for its size alone. “A large-brained creature,” writes Steven Pinker (1994) “is sentenced to a 

life that combines all the disadvantages of balancing a watermelon on a broomstick, running in 

place in a down jacket” (p. 363). A newborn’s head is as large as it can be and still get out of the 

mother’s birth canal. At one pound, a newborn’s brain is unfinished. That is why newborns are 

unable to perform complex behaviors—their brains are incomplete. After about 4 years, the brain is 

almost its full size. Much of the growth comes from the addition of billions of glia cells; the rest is 

the result of elaborations of dendrites and synapses. It takes many years to develop a mature brain 

that can do all the things a human brain must do.  
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Brains are bilaterally symmetrical. Almost every structure is paired. Let’s start at the bottom 

and work our way up, looking at the major structures and discussing a little of what we know about 

their functions. The brain can be divided into three parts: the hindbrain, midbrain, and forebrain. 

Hindbrain   The hindbrain is made up of four structures: medulla, pons, reticular formation and 

cerebellum (see figure below). The medulla looks just like the spinal cord and carries out many of 

the same kinds of functions. It has sensory and motor connections with the head. It also provides 

life support functions, including vital reflexes such as heart rate and blood pressure changes, 

coughing, sneezing, salivating, swallowing, generating breathing rhythms, and everyone’s 

favorite—vomiting. As you probably know, alcohol is a toxin and when people consume large 

doses the medulla stimulates muscles to get it out of your body as rapidly as possible. Damage or a 

tumor in the medulla is life threatening, and deaths due to drug overdose are often caused by the 

drug's actions in the medulla.  

The pons contains neurons involved in sleep, dreams and wakefulness. Running through the 

core of both the medulla and the pons is the reticular formation . Its neurons form a network that 

sends some axons up to structures in the forebrain and others down to the spinal cord. It plays a 

major role in arousal and attention: events in your environment cause the reticular formation to 

stimulate many brain areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The cerebellum is a large structure behind the pons and medulla. It is responsible for 

coordinating and refining movements. It receives information about body and limb position, 
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balance, and inputs from the visual and auditory systems. The cerebellum continuously, and nearly 

instantly, integrates an enormous volume of information and makes corrections and refinements to 

motor commands. This is why you can rapidly touch the tip of your nose with your finger without 

poking your eye out. It is also where practicing the guitar or videogame controller has its effect. 

The cerebellum is the body’s autopilot. When you first learn to drive a car with a manual 

transmission it takes all of your concentration. I remembers my father teaching me how to drive: 

“Put in the clutch pedal; turn the key; give it some gas; okay, let out the clutch......SLOWLY” he 

yelled as we lurched forward, our heads jerking back and forth; “a little more gas, clutch, 

shift...shift! let out the clutch, more gas, LOOK OUT! STEER! HIT THE BRAKES! DOWN 

SHIFT! PUT IN THE CLUTCH! STOP!!” It took every scintilla of concentration I could muster 

just to drive a few hundred yards from my house. When I drove to campus this morning, I jumped 

in my car, started it up, turned on a CD, and a while later ended up at school. I don’t remember 

every turn of the steering wheel. I don’t remember putting on the brakes. I don’t remember pressing 

of the accelerator. I don’t remember where I parked either, but that’s another story and another part 

of my brain. My cerebellum did the driving. When you drive you are in control, but you don’t have 

to think about every move you make. You can spend that time listening to music, planning your 

day, or talking with friends. A great deal of routine behavior occurs outside of conscious awareness, 

leaving us free to concentrate on interesting stuff.  

Midbrain: Mesencephalon  The mesencephalon 

sits atop the hindbrain and has two divisions: the 

tectum, at the back, consisting of the superior 

colliculus and inferior colliculus;  and the 

tegmentum, in the front, consisting of the 

substantial nigra, the red nucleus, and the 

periaqueductal gray.   

The superior colliculus is involved in visual 

processing and visual reflexes. One part of the 

field sobriety test that police officers give to 

suspected drunk drivers involves visual tracking. 

Try this. When you get to the period at the end  

of this sentence, try to move your eyes slowly 

and smoothly back to the words at the beginning of this line without moving your head. You can’t 

do it. Eyes are made to jump from point to point, stopping momentarily to focus. Now try to follow 
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your finger as you move it around in front of you. Nothing to it. Under normal circumstances, your 

eyes move smoothly and easily when they follow a moving object such as an officer’s finger. 

Alcohol compromises (among many other things) the superior colliculus, which is responsible for 

the visual following reflex. When the object moves off to the side into the drunk’s peripheral vision, 

the eyes start jerking rather than smoothly following the target.  

The inferior colliculus is involved in auditory reflexes. Together the inferior and superior 

colliculi process visual and auditory and integrate sensory and motor systems, guiding head and eye 

movements, and coordinating visual and auditory reflexes.   

In the tegmentum, the substantia nigra and red nucleus initiate and controlling body 

movement. Damage to the substantial nigra causes Parkinson's Disease. Earlier we mentioned some 

of the symptoms caused by the degeneration of these neurons. Over two million people in the 

United States alone suffer from this devastating movement disorder, including actor Michael J. Fox 

and Mohammad Ali. 

 

 

 

 

 

 

 

 

The periaqeductal gray (around the aqueduct) is involved in pain relief. It is the site where 

the opiod drugs, morphine and heroin work to relieve pain. 

Forebrain  The forebrain is divided into the telencephalon and the diencephalon. There are two 

structures in the diencephalons: the thalamus and the hypothalamus. The telencephalon includes the 

basal ganglia, limbic system, and the cerebral cortex. 

The thalamus extends above the midbrain and consists of two egg-shaped structures sitting 

side by side at the center of the brain. Information from the senses travels to specific thalamic nuclei 

and is then projected via tracts to the appropriate areas of the cortex. I’ll mention three nuclei: the 

lateral geniculate (LGN) receives visual information, the medial geniculate is auditory, and the 

ventral posterior is somatosensory. The thalamus also gets information from the reticular formation, 

and the pons during dreams. Cortical areas also send information back to the thalamus, increasing 

the neural activity necessary to maintain attention to particularly important sensory input.  
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The hypothalamus is located just under the thalamus. It controls the autonomic nervous 

system and motivated behaviors related to survival and reproduction. These behaviors are often 

referred to as the four F's: fighting, feeding, fleeing, and sex. This is one of the oldest jokes in 

biopsychology, but you probably won’t forget these functions of the hypothalamus. It is also 

involved in drinking, temperature regulation, and sleeping. Damage to specific hypothalamic nuclei 

can cause a variety of behaviors, from ravenous eating and massive weight gain, to starvation.  

Beneath the hypothalamus, and under its direct control, is the pituitary gland . The pituitary 

gland is known as the master gland because it not only produces its own hormones, it controls the 

secretion from other endocrine glands. Hormones, such as adrenaline, male and female sex 

hormones, and steroids, have wide-ranging behavioral effects.  

The basal ganglia are a group of structures in the telencephalon just lateral and above the 

thalamus is the globus pallidus. Out a little further out is the putamen. Then, wrapping around and 

laterally, like ram horns is the caudate nucleus ending at the amygdala.  
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The basal ganglia play a significant role in controlling movement. It is the area that is 

damaged in the early stages of Huntington's Disease, discussed in the previous chapter. It is also the 

destination of axons from the substantia nigra.  

The limbic system is a loose collection of structures such as the amygdala and the 

hippocampus that surround the basal ganglia, but also include parts of the hypothalamus and 

cortex. The limbic system is involved in emotions, learning, and memory formation. 

You actually have two hippocampi—left and right—and they play a pivotal role in 

formation of new memories. In a recent study, London cabdrivers who had more experience were 

found to have larger hippocampi. As they gained more knowledge of the city their hippocampi 

increased in size (Maguire et al, 2000).  

 

 

 

 

 

 

 

 

 

 

A portion of the amygdala is involved in experiencing fear. A person with damage to that 

area of the amygdala is totally insensitive to fearful situations (Aggleton, 1993). Not only don’t they 

feel fear normally, they can’t even recognize the facial expression of fear on someone else’s face 

(Young et al, 1995)! Other portions of the amygdala are especially involved in experiencing and 

expressing aggression. What do you suppose would happen if this part of the amygdala were 

stimulated? Take a look at this transcript of a rather disturbing study done back in 1961. This 

patient is having her amygdala electrically stimulated. 

Amygdala stimulation at 5 milliamperes (mA): 

Interviewer: How do you feel now? 

Subject: I feel like I want to get up from this chair. Please don’t let me do it! Don’t do this to 

me. I don’t want to be mean. 

Interviewer: Feel like you want to hit me? 
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Subject: Yeah. I just want to hit something. I want to get something and just tear it up. Take it 

so I won’t. (Hands her scarf to the interviewer; he hands her a stack of paper, which 

she tears to shreds.) I don’t like to feel like this! 

Current reduced to 4 mA: 

Subject: I know it’s silly, what I’m doing. 

Interviewer: Now, feel better? 

Subject: A little bit. 

Interviewer: Can you tell me a little bit more about how you were feeling a moment ago? 

Subject: I wanted to get up from this chair and run. I wanted to hit something; tear up 

something–anything. Not you, just anything. I just wanted to get up and tear. I had 

no control of myself. 

Current increased to 5 mA again: 

Subject: Don’t let me hit you! 

Interviewer: How do you feel now? 

Subject: I think I feel better like this. I get it out of my system. I don’t have those other 

thoughts when I’m like this. . . . Take my blood pressure, I say! Quit holding me! 

I’m getting up! You’d better get somebody else if you want to hold me! I’m going to 

hit you! (King, 1961, p. 485.) 

 Cerebral Cortex 

When you first look at a human brain, the most obvious feature is the wrinkled surface. The 

cerebral cortex is the outer covering of the brain. It is less than 1/8 of an inch thick, and consists of 

a large sheet of more than 50 billion neurons. When you first look at a human brain, two 

characteristics stand out. It is 

wrinkled and divided into two 

halves. The sheet of cells that 

make up the surface of the 

brain is folded back and forth 

on itself. These folds are 

convolutions. If it were 

unfolded, the cortex would 

cover about 365 square inches. 

That's more than five times the size of the page you're reading now!  

 



3-22 
All of that cortex can be packed into your skull because two-thirds of it is hidden in the 

grooves. That's the value of a highly convoluted cortex. Of course, we could have evolved into 

creatures without convolutions, in which case you might have been born with a giant, flat head, 

shaped like a kitchen table with eyes in the corners (very attractive). From an evolutionary 

standpoint, however, running through a forest with such a head would have been a challenge, and a 

strong wind might have launched us head first into a tree trunk. I don't even want to think about 

childbirth! A big flat head—the evolutionary road not taken. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The second obvious characteristic is that the brain is divided in half. There are two distinct 

hemispheres that appear to be mirror images. Interestingly, each hemisphere receives sensory 

information and controls muscles of the opposite side of the body. Though they look the same, 

the right and left hemispheres do not carry out identical functions. 

The two sides of the brain are connected by a large band of fibers called the corpus 

callosum. Research in the 1930s and 40s showed that cutting the corpus callosum of lab animals, 
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including monkeys, produced no noticeable differences in their behavior. Knowing this and the fact 

that seizure activity increased as it spread back and forth across the corpus callosum between the 

hemispheres led to this surgery being performed on some human patients with severe epilepsy. The 

surgery was very effective, often stopping their convulsions completely. Studies of these split-

brain  patients revealed no apparent changes in their behavior. More than a quarter of a century of 

research seemed to indicate that the corpus callosum had no function. Was it possible that this 

enormous bundle of more than 200 million axons, the major connection between the cerebral 

hemispheres, could be cut without causing any noticeable change in behavior?  

In a clever experiment using cats, Sperry and others (1956) clearly identified the function of 

the corpus callosum and made a startling discovery. Information learned in one hemisphere was 

transferred to the other by the corpus callosum, but if the corpus callosum was severed, each 

hemisphere could function independently. In other words, the cats appeared to have two brains! 

In the 1960s, neurosurgeons began a program to control severe epilepsy with this surgery 

(Bogen et al., 1988). Those who had the surgery were studied extensively. These split-brain patients 

also appeared to have two independently functioning brains (Sperry, 1984). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Path from eyes to brain 

As you can see from the figure above, stimuli can be guided to either hemisphere, but if the 

corpus callosum has been cut, that information cannot reach the other hemisphere. Since the left 

Optic nerve 
Retina 

Optic chiasm 

Right visual 
cortex 

Left visual 
cortex 
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hemisphere has almost total control over speech, split-brain patients can readily speak about what 

has been directed to the left hemisphere. The linguistic capabilities of the right hemisphere, on the 

other hand, are minimal, making a verbal description of information directed to the right 

hemisphere nearly impossible. If the right hemisphere is shown a pen, the patient will claim not to 

have seen anything. When asked to “feel” several objects and choose the correct one, the patient 

will choose correctly with her left hand (controlled by the right hemisphere) and incorrectly with 

her right hand (controlled by the left hemisphere.) The left hand literally doesn’t know what the 

right hand is doing!           

______________________________________________________________________________                                                                   

CORRECTING A MISCONCEPTION 

Hemispheric Differences: Ignoring Connections 

You may have heard claims about differences between the hemispheres--the left hemisphere is 

logical, analytical and verbal while the right hemisphere is intuitive, holistic and perceptual. People 

who are good at science or mathematics are said to use the left side of their brains, while artists and 

creative folks use the right (Ornstein, 1978). In fact, some authors have claimed that everyone can 

be classified as either a right or left hemisphere person (Bakan, 1971). Teachers have been 

bombarded with claims that Western education devalues and neglects the right hemisphere, and that 

they should employ teaching techniques focusing on the right side of the brain (Harris, 1988). Some 

even suggest that supposed differences between Eastern and Western consciousness are based on 

hemispheric differences--Eastern holistic “righties” versus Western analytical “lefties” (Ornstein, 

1977).  

  Interested in self-improvement? Hang on to your hemispheres, because these authors have 

the answers. Art class got you down cast? Try Drawing on the Right Side of the Brain (Edwards, 

1999). If you aren’t interested in drawing, you can express your creativity by Writing the Natural 

Way: Using Right-Brain Techniques to Release Your Expressive Powers (Rico & Volk, 2000). 

Struggling with math? Why don’t you try Connecting Art to Mathematics: Activities for the Right 

Brain (Torrance, 2003). If you want to lose weight, you can read Not Another Diet Book: A Right-

Brain Program for Successful Weight Management (Sommer, 1986). Not getting ahead at work? 

Take some advice from The Right Brain Manager: How to Use the Power of Your Mind to Achieve 

Personal and Professional Success (Alder, 2000). Other work related problems might be solved by 

Organizing for the Creative Person: Right-Brain Styles for Conquering Clutter, Mastering Time, 

and Reaching Your Goals (Lamping & Lehmkuhl, 1993). After getting yourself organized you can 

start working on problems that arise When Opposites Attract: Right Brain/Left Brain Relationships 
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and How to Make Them Work (Cutter, 1994). If you do make your relationship work maybe you can 

enjoy Right Brain Sex (Wells, 1991). These speculations go far beyond the evidence, seemingly 

unhindered by the thought process. 

The desire to localize entire functions, ways of thinking, and even different kinds of 

consciousness to one hemisphere or the other certainly makes it easier to think about the brain. 

Scientific evidence, however, doesn’t support it. An unusually large number of studies on 

hemispheric specialization show small differences, contradictory results, or results that can't be 

reproduced (Kosslyn et al., 1999).  

There are some hemispheric differences. The left hemisphere has circuits that are 

specialized for sequential and analytical processes that are part of behaviors such as language. But 

the right hemisphere is better than the left at other aspects of language, such as understanding and 

producing rhythm, tone, and emphasis of speech (Weintraub et al., 1981); understanding humor 

(Bihrle, 1986); and recognizing lying (Sachs, 1987; Etcoff et al, 2000.) The right hemisphere is 

more involved in synthetic processes that underlie visual-spatial skills that allow us to recognize 

faces and the shape of objects (Bradshaw & Nettleton, 1981; Fink et al., 1996; Gazzaniga & 

Sperry,1967), but the left hemisphere also contributes by extracting perceptual details (Hellige, 

1993; Ivry & Robertson, 1998). Anything complex, such as language (though mostly a left 

hemisphere function), is processed by many discrete, specialized functional units throughout the 

forebrain and very likely both hemispheres (Gazzaniga et al., 1998). 

Recent research in cognitive science, artificial intelligence, evolutionary psychology, and 

neuroscience supports the idea that the brain is a collection of specialized modules located in both 

hemispheres that interact to perform functions that allow us to solve specific, real world problems 

(Felleman & Van Essen, 1991; Gazzaniga, 1999; Kawashima et al., 1994). 

As you read these sentences and think about what they mean, both hemispheres are working, 

activity shifting from place to place, processing different aspects of the task (Mason & Just, 2004). 

Many of the differences between the hemispheres are small, and mutual interaction between the 

hemispheres is the norm (Gazzaniga, et al., 1977). The right and left hemispheres are in constant 

communication via the corpus callosum.  Any complex task, such as having a conversation or 

creating a work of art, is not performed by just one half of your brain. The notion that people have 

neglected the right hemisphere is nonsense. The idea that people have unused capacity in the right 

hemisphere is little more than a variation on the old myth that people use only 10% of their brains. 

We use all of our brain. Try cutting out 90% of your brain - good luck on our first Biopsych Test! 
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So, if your English professor starts waxing poetic about the untapped potential of the “right 

brain,” you should inform him or her (gently) that the right hemisphere does not have its own style 

of perceiving or thinking. There isn’t any storehouse of special wisdom hidden there. Nor are there 

any “left-brained” people or “right-brained” people. Brain structures are like “well-behaved first-

graders” - they like to share and they work well with others.  

Lobes of the Cortex 

 

Each cerebral hemisphere is divided into four lobes, named after the bones of the skull that cover 

them: frontal, parietal, occipital, and temporal.  

Human frontal lobes are enormous. The frontal cortex makes up one-third of the entire 

cortical surface. The prefrontal cortex, directly behind your forehead, is involved in “executive 

functions,” such as making judgments, plans and decisions and is involved in planning, organizing, 

and controlling movement. The precentral gyrus is primary motor cortex , which is organized 

like a map of the muscles of your body. The muscles of your fingers, lips, and tongue over which 

you have extraordinary control, require large areas of cortex, while one of the largest muscles of 

your thigh, takes up only a small area of cortex. Muscle movements of the tongue and mouth that 

produce speech are controlled by an area in the left frontal lobe, known as Broca’s area. 

The parietal lobe consists of the somatosensory cortex in the postcentral gyrus which 

receives and processes information from sensory neurons in the skin to produce the experiences of 

touch, temperature, tickle, position and movement of your body and limbs. It is organized much like 

the motor cortex. A large portion of the somatosensory cortex is devoted to the lips and hands 

making those areas highly sensitive. See the illustration below.  
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Motor and somatosensory cortex 

The posterior parietal cortex is responsible for our ability to perceive the motion and 

location of things in our environment and our bodies’ relationship to the outside world. Sacks 

(1985) reports a case in which a patient had damage to her right posterior parietal lobe. This caused 

her to ignore the left half of her world; she had lost the idea of "left". For example, she would eat 

only from the right side of her plate, complaining that the meal was too small. When the nurse 

would rotate the plate or force her head to the left, she would say "Oh, there it is--it wasn't there 

before." Over time she did learn to cope with her problem. If she finished a meal and was still 

hungry, even though she would not look or turn to the left, she would turn to the right, all the way 

around until the missing half came into view. Now that she could see the food she would eat it, or 

rather half of it--the right half. If she was still hungry she would repeat the procedure. She went 

about her daily activities always turning to the right, oblivious to the left half of the world!    

The occipital lobe consists of the visual cortex, which receives and begins the analysis of 

visual information. The analysis of visual input is extraordinarily complex and involves many other 

areas of the cortex. In Chapter 6 we will see how we see. 

The temporal lobe contains the auditory cortex, which analyzes auditory messages. It is 

also the area that puts together concepts and words. As an example of how specialized brain 

modules perform specific functions, consider what damage to different areas of the temporal lobe 



3-28 
can do. Damage to the front of the left temporal lobe causes patients to lose the use of proper nouns. 

They are not able to use words such as Ricardo, Mississippi, Chevrolet, or Sears. People with 

damage to the lower part of the left temporal lobe don’t have problems with proper nouns, but they 

do have trouble with common nouns, words such as name, state, automobile, or store (Damasio & 

Damasio, 1993). Damage that includes internal structures of the temporal lobe can cause excessive 

religiosity, humorless moralism, and obsessiveness (Smock, 1999). 

 

A few of thoughts on the tools and techniques for studying the brain 

Having described the functions of many areas of the brain, you might be wondering how we know 

which part does what. In Chapter 5 you’ll read about a wide variety of procedures used to study the 

brain. There are methods to trace the paths of neurons, find out where neurons go and what 

neurotransmitters are being released. Scientists now have spectacular new methods of visualizing a 

living human brain, not merely the internal structure alone, but how the neural activity changes 

during different behavioral states.  Pioneering scientists were limited to observing people with brain 

damage, only able to look at the brain after death. I want to mention a couple of methods here. 

 

Brain Damage  The logic goes like this: if an area of the brain is damaged, and the person shows 

certain deficits in function, then the damaged areas must be responsible for those functions. There 

are problems with this method, not the least of which is that accidents in nature usually don't 

damage the brain in precise surgical ways. Occasionally, people have very localized strokes or head 

injuries that damage very specific areas of the brain and cause specific problems. For example, a 

few months after a head injury that left him unable to read, a man was watching a technician repair 

his washing machine. He wanted to say something to his wife privately, so he wrote a note on a pad. 

As he handed it to her, he was shocked to realize that even though he could not read, he was able to 

write! (Carlson, 2010). Sounds impossible, but it’s true. Damage to a small area of the left occipital 

cortex and rear of the corpus callosum causes pure alexia, which renders a person unable to read 

but able to write (Damasio & Damasio, 1983).             

 

Brain Lesions  To learn about the brain in a less haphazard way, it would be better to destroy 

carefully only what you wanted to and then observe the effects. Damage like this is called a brain 

lesion. The destruction of parts of a human's brain for research would be unethical, but, as we 

indicated, human and animal brains are very similar. At the cellular level, any animal with a 

nervous system has essentially identical neurons, neurotransmitters, and receptors. Structures that 
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are involved in controlling functions such as eating, drinking, sleeping, moving, seeing, and hearing 

are practically identical in all living mammals. So the function of a particular brain area can be 

inferred by observing behaviors of animals with specific brain lesions.  

 There are problems with the interpretation of lesion studies. Imagine that you have one of 

those old gigantic computers that take up an entire room. You want to know how it works. So you 

climb aboard a forklift and drive it into the computer and tear out a tangle of circuit boards and 

wires. Then you operate the computer and see what it can't do. Rather crude, wouldn't you say? The 

computer might have been programmed do things like produce the most efficient routing schedule 

for busses in Boston, and it fails to give you anything at all. You wouldn't really know if you'd 

destroyed chips in part of a memory system or processing units, or maybe just damaged circuits 

going to the monitor. (Our example is actually more like accidental brain damage than a carefully 

controlled, precise lesion, but you get the idea.) 

Brain lesions can be made by cutting, burning, poisoning or aspirating (sucking out) brain 

tissue. (Even though this may sound like a scene from a cheap horror movie, these are actual 

methods of removing brain tissue.) More often, however, an electrode is inserted into the brain and 

when the tip is in the right location, an electric current heats the tip, destroying all the tissue around 

it. This includes not only cell bodies, but axons that may just be passing through. To be more 

selective, there are chemicals that kill only neurons whose cell bodies are near, sparing nearby 

axons. Another alternative to cutting, sucking, burning, and poisoning is to produce a “temporary” 

lesion by introducing an anesthetic drug, or cooling neurons so that they will not function for a 

while, but will not be permanently damaged. 

 In the 1940's and 50's, researchers found that a tiny lesion in a specific part of the 

hypothalamus caused rats to eat ravenously and become grossly obese (Hetherington & Ranson, 

1940). Lesions one millimeter away (in another part of the hypothalamus) caused rats to stop eating 

and often starve to death (Anand & Brobeck, 1951). The former turned out to be due to damage to 

nearby axons, while the latter turned out to be true for all species tested: mice, rats, cats, dogs, and 

monkeys (Rosenweig et al, 2005). Regulating eating actually turns out to be much more complex 

than this.  

 

Brain stimulation   Instead of destroying parts of the brain, scientists often use weak electrical 

current or stimulant drugs to activate areas of the brain. When people undergo brain surgery, they 

are often brought back to full consciousness after the cortex is exposed so the surgeon can directly 

stimulate the brain to make sure that vital areas won't be destroyed. Because the brain has no pain 
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receptors, patients don't experience pain but they are awake and can communicate with the surgeon 

(Penfield & Jaspers, 1954). Much of the information about the organization of the somatosensory 

and motor cortex came from such studies. Stimulation of a small area of motor cortex causes muscle 

movement on the opposite side of the body. Stimulation of the somatosensory cortex causes the 

patient to report being touched. Stimulate the auditory cortex and patients report sounds, but in 

other areas of the temporal lobe patients report what appear to be memories of things such as a 

birthday party or a walk in the woods (Gazzaniga et al, 1998). 

Clearly, we can't make lesions in human brains or saw through peoples' skulls just to study 

their brains, but in the last 20 years new technological tools have allowed us to see not just brain 

structure, but images of functioning human brains. Although most of the technology required to 

generate these images had been around for many years, it wasn't until the formulation of advanced 

mathematical algorithms capable of processing masses of data that these techniques became 

practical (Gallusio, 1990). 

 

PET Scan  Both CT and MRI scans show us only the structure of the brain. Positron emission 

tomography (PET) can give us images of the activity in someone's brain while they are performing 

specific tasks or while different stimuli are presented to them. Here's how it works. As we said 

earlier, neurons use glucose as their energy source. When different portions of the brain are active, 

neurons in those areas take in more glucose -- they need energy to do work. In a PET scan, a form 

of glucose is made radioactive and injected into the blood. (The dose is harmless.) The subject is 

then asked to perform some task, such as thinking of nouns, or birds, or moving the fingers of the 

left hand. The neurons responsible for the task start working more than those not involved, so they 

take up the radioactive glucose. As the radioactive glucose decays, it emits positrons (particles of 

antimatter) that immediately collide with electrons (particles of matter). The two particles annihilate 

each other in a tiny explosion. This explosion releases energy in the form of gamma rays that 

indicate the location of the activity.  

 

Technological innovation in the near future will produce better images at lower costs so that 

brain imaging will be used in more and more research. Research questions are now being posed, not 

just by neuroscientists and psychologists, but also by anthropologists, philosophers, and professors 

of business, music, and English. Their studies range from finding the circuitry of romantic love and 

moral reasoning to how the brain responds to different advertising images. 
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Evaluating evidence from such studies is not straightforward. Scientists must make sure that 

data obtained using many different methods support the same conclusion. In other words, brain 

damage in humans, animal lesions, stimulation studies, and computer visualizations of the brain, 

must all indicate that the same brain regions are involved with specific functions.  

 

SUMMARY 

The brain and nervous systems are involved in everything you do, and abnormal functioning may 

result in disorders such as schizophrenia. 

Gradually, the process of natural selection results in species better equipped to survive and 

reproduce in their environments. Animals living in more demanding environments have more 

complex hindbrain, midbrain and forebrain structures. The human brain is a collection of primitive 

and sophisticated structures, like an old city. 

The nervous system includes sensory, motor and interneurons. They are composed of dendrites, 

somas and axons. An action potential occurs within a neuron if it gets enough stimulation. A 

neurotransmitter crosses synapses to bind with receptors of other neurons. There are many distinct 

neurotransmitters with different effects on brain activities. 

The peripheral nervous system is comprised of the somatic system for voluntary movements and the 

autonomic systems for involuntary movements. The sympathetic and parasympathetic subsystems 

have opposite effects on organs and glands. Reflexes are simple circuits enabling rapid responses. 

The hindbrain is involved in life-support tasks, such as breathing. The midbrain processes incoming 

sensory data and motor responses. In humans, the enormous forebrain has many functions, 

including learning, memory, problem solving, emotional responses, and planning and coordinating 

complex behaviors. The cerebral hemispheres have some distinct functions but, typically, they share 

information and work together. The idea that the left and right sides have different ways of thinking 

is a myth. Researchers have many ways of studying structures and functions of the brain. 
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