CHAPTER THREE
MACHINERY OF THE MIND

When you look at a human brain. It doesn’t seeny irapressive. But what it do@simpressive.
Your brain is involved in every aspect of your liieverything that's covered in the rest of thiskoo
is related to activity occurring in the brain. Madtthe information about the workings of the brain
is integrated into the chapters of the text, exyphag) how brain functions relate to thinking, feglin
and behaving.

If you ever get a chance to talk to a brain songesk what it’s like to work on someone’s
brain. Surgeons are trying to repair or removeraatged area must be incredibly careful not to
cause more damage. This is especially true of spaed language areas. To make sure they are not
causing damage, the patient must be awake durenggération. Brain tissue has no pain receptors
so it doesn’t feel any pain and the surroundin@ &e&ept pain free by a local anesthetic. During
the procedure the surgeon will talk to the patiasking question and have them read, speak, and
move various parts of their body. Brain surgeongehald me that at times, they suddenly realize
that they are having a conversation with the othay are operating on. That doesn’t happen with
any other surgery. A liver is just a liver, a haarjust a heart, but a bramthe person

Your brain doesn’t jJust communicate with othergepit communicates with the rest of your
body: receiving information from your senses, pesteg it, and sending messages to your muscles.
How does it do that? In this chapter I'll describe brain’s basic components, the organization of

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

NEURONS: GETTING WIRED

Imagine that you entered a contest to build a smgibot. There’s a nice prize, and all your robot
has to do is to move forward when a light is turnadand stop when the light is turned off. Before
you head for the hardware store you probably wanmadke a parts list. A robot needs a frame,
some wheels, and a motor (batteries not includiathing else? Think about what your robot has
to do. When the light is on, it has to move. Sweids a light sensor that will respond when th lig
is on. It needs one more thing— something to conteclight sensor to the motor— a few inches
of wire should work just fine. The light sensotiike a switch, when it's activated, the wire will
complete the circuit to the motor and the robot wall. In yourbody, the wires are nerve cells, or

neurons In the simplest circuits neurons connect sensoedsmotors (muscles).
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If your robot had to do something more complexhsas figure out when it was low on

power, find an electrical outlet, plug in, avoidstdrcles, not fall down stairs or run into wallsuyo
would have to install more hardware. You'd need ers@nsors and a computer so the robot could
digitize, analyze, calculate size and go for thegorin other words, process a lot of information
before producing some kind of action. In a waynaais are like that robot. They take in
information and use it to guide behavior. In liviogatures, of course, there are no wires or
computer circuits. Neurons make the connections) the circuits, and process the information.
The nervous systems of all species operate the sayeso researchers have learned a great deal

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

Biological Hardware

Yourbody’s computer is theentral nervous systen{CNS): brain and spinal cord. Theripheral

nervous system(PNS) provides input to, and output from your CIS8nsory neuronscarry

information into the CNS anehotor neurons send instructions out of the CNS to move muscles.
Beep...beep...beeBensory neurons carry information about the sairtde microwave to

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

the bag — HOT! HOTBensory neurons agaihetting go of the bag-Motor neuronsThe

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

involvesinterneurons that carry messages within the CNS forming elaleocacuits.
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Sending messagedleurons have different shapes and sizes basecdwrptrticular function, but

most neurons have a soma (cell body), dendriteaxan, and terminal buttons. (See figure above)
Thesomacontains the nucleus and maintains life processethé neuron. Branch out from the
soma are mangtendrites and a long thiraxon. The axon then branches into hundreds of smaller
filaments that end in structures caltedminal buttons that communicate with other cells by
releasing chemicals. These junctions between asdlsalledsynapses

There are three basic types of neurons based orstiape. (See figure below.) The
evolutionarily oldest is &ipolar neuron. It looks like a spherical cell with thenrane stretched
out on either side: two process, dendrite on ode and axon on the othéiipolar neurons have
only one process attaching the soma to the axorsd®g neurons are usually unipolar. The most
recently evolved neurons amaultipolar . Their somas have many processes, branching desdri
and a single axon. There are actually two kindwoltipolar neurons: grojection neuron, like the
one below, with a long axon that sends informatieer long distances, andaxal circuit neuron

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

Dendrites and soma receive input from other neuooriiom the outside world, process this
input and determine whether to send a message #ieraxon or not. When a message, called a
neural impulse, reaches the terminal buttons, a chemical calleeuaotransmitter, is released
onto another neuron. Neurons form circuits thatengk the structural basis for brain function.
Synapses also occur on muscles and glands. Onemedtd the neurotransmitter causes a
muscle contraction — a twitch. On glands it caudesmicals to be released, such as adrenaline or

saliva. When you get right down to it, behavioessentially twitching and squirting.



TO PROTECT AND SERVE

Your brain is made of more than just neurons. TN @ surrounded by protective membranes;
has fluid cushioning inside and out; and has aiapeed blood supply. Both the CNS and the PNS
have many supporting cells. Within the CNS, groofosell bodies are calleauclei, and groups of
myelinated axons are callé@cts. In the PNS, groups of cell bodies are catiadglia, and groups

of myelinated axons are calleérves

Neuroglia

Neuroglia orglia cells make up 50% of brain mass. There are ten times gl@ than neurons.

Glia are much smaller than neurons. Within the GiN&e are three kinds of glia cells:

1) Astrocytes (or astroglia) — Looking like little stars, astypes hold neurons in place, provide a
stable extracellular environment, transport nuteento neuron from capillaries, and isolate
synapses from one another. One type of astrocyga@clean up cellular debris by moving to
damaged areas where they undergo mitosis, makimggéncells to digesting dead and dying cells,
and walling of the damage by forming scar tissues Bctually causes a problem because it

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

A more accurate illustration of astrocytes wouidw that the dendrites and somas of a
neuron are almost completely covered by suckee-diensions just like the ones covering the
capillaries. The astrocytes (seen above in a phictograph on the left, and an illustration on the
right) cause the capillaries within the brain ttietifrom those in the rest of the body. The single

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

carried in the blood so the capillaries in the tfarm "tight junctions” so that nothing get in out
easily. In concert with astrocytes this forms bh@od-brain-barrier . Only very small molecules
such as Cg0,, and fat-soluble moleculean easily pass in or out. Glucose, larger mola¢aed
water-soluble molecules must be actively transpldoieastrocytes to or from the blood. By the
way, this also causes a problem when doctors reegettcertain drugs into the brain as part of
medical treatment.

2) Oligodendrocytes(or oligodendroglia) — These glia send out ext@msithat wrap around and
around nearby axons, making a cell membrane rotlalledmyelin. Myelin is white because the
cell membrane is made of lipids, and this fattyenat is white. One oligodendrocyte forms many
small segments of myelin on several adjacent a‘xéash segment is about one millimeter long,
making the axon look like a skinny string of whiteads. (lllustrations of neurons usually show the
myelin sheath, without drawing attention to theuatglia cells.) The myelin acts as insulation for
the axon, much as the plastic cover on a copper. Wyelin increases the speed and efficiency of
nerve impulses. You'll see why in Chapter Four.

3) Microglia — Microglia move throughout the brain like amoebampling the extracellular
fluid. The body’s immune system uses white blodéscbut they cannot pass through the blood-
brain-barrier, so microglia are the brain’s immwystem. When they detect molecules related to
cell damage they move to the damaged area, engiidigest 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 Schwannscélach segment is

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

Unlike the CNS, axons in the PNIS regenerate. When an axon in the PNS is cut, ttteose
still attached to the soma will remain alive whihe other end dies. The Schwann cells maintain
their shape, making a tube into which the regemagatxon can grow. When | was attacked, my
facial nerve was crushed and I lost feeling andatleusiovement of the left side of my face. But

those neurons are part of the PNS and the axomnedta grow back along the tunnel made up of
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Schwann cells. Under ideal conditions, peripheeaves grow a couple of millimeters per day. It

took a few months, but | finally regained feelingdanuscle control, except for one small area
where the sensory nerves originally coming fromitisede of my eyelid, followed slightly
displaced Schwann cells, and grew back to my cheakw feels like I'm touching my eye when
I’'m touching my cheek. For me, shaving my left dhesesometimes exciting.

Watch great athletes like Serena Williams or LeBrames in action, the grace and power
of their movements may make you think “these pebpl&e great muscles.” But it's not just their
muscles, it's their nervous systems that are goeg&nizing and coordinating millions of motor
neurons to activate individual muscle twitches atsublime athletic performance.

Clearly, nerve impulses must travel quickly. Torgase the speed of neural impulses axons
are usually covered by myelin. Unfortunately, isnaall percentage of people myelin breaks down.
Multiple Sclerosis (MS) is an autoimmune disease in which the bodgesantibodies that attack
and destroy the myelin in the CNS. The resultasvsr and short-circuited nerve impulses and even
neuron death as the disease progresses. The sympémyndepending on the location and severity
of the damage, and often include muscular weakihess of coordination, numbness, and visual
disturbances.

Development of the Nervous System
About 10 days after sperm and egg have combinecertibryo is an elongated hollow ball of about
a thousand cells. By day 18, there are three dis@yers of cells: the ectoderm (outer layer), the

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

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

also proliferates eventually forming the body wailjscles, heart, bones, arms and legs. The
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endoderm forms the digestive tract. At 21 days seatedermal cells break away and grow
throughout the body, making the PNS. The remaieittgderm proliferates to make up the CNS.
At 40 days there are four divisions of the CNSehyain, midbrain, hindbrain, and spinal cord, all
of which are filled with a fluid callederebral spinal fluid (CSF.) In some animals this is the end
of brain development, but not in humans. At 60 daysat | call the Mickey Mouse brain forms.

The forebrain expands in two large hemisphereed#hetelencephalon,which cover an interior

diencephalon (Encephalon means “in the head”.) The midbraifbjue, is themesencephalon
The hindbrain is divided into threetencephalonandmylencephalon The cavities, from top to
bottom are: lateral ventriclesS{(and 2%, the 3 ventricle, the cerebral aqueduct, tfevéntricle,

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

brain actually makes a couple of folds, kind o€&lthe number

These images are about 1/3 of actual size. Whatlgai
see here are the layers of tissue that surround

and protect the brain (and spinal cord.) These
protective sheaths are collectively called the
meningesand 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. Therachnoid membraneis the middle,
layer, and gets its name because of its web-likektre.
The inner layer is called th@a 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 protectgdie
skull, the dura mater, and cushioned from the msid
and the outside by CSF. The entire CNS, brain and
spinal cord are is actualfipating in CSF.

See the image below.
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It is difficult to visualize the internal structuoé the three-dimensional brain using two-
dimensional figures. To do so, sections are cutuipn three different planes. The terminology is
shown below. In aagittal section anything toward the middle is calletkdial, toward the sides is
calledlateral. In acoronal section anterior is toward the frontposterior toward the back. In a

horizontal section dorsal is toward the top angentral is toward the bottom or underside.

PNS AND SPINAL CORD: SOLVING SIMPLE PROBLEMS

Recall that the central nervous system (CNS) isther and spinal cord, and neurons outside the
CNS, those that enter or leave the CNS make updhpheral nervous system (PNS). The PNS is
further divided into thesomatic nervous systenfsenses the environment and controls skeletal
muscles) and thautonomic nervous systemgcontrols the internal organs and glands.)

Somatic Nervous System: Moving Muscles

The simplest arrangement of neurons in the nerggsiem is a circuit calledraflex. The knee

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

nerve impulses into the spinal cord where they ggaan motor neurons that fire back to the thigh



3-11
muscle causing it to shorten, and the leg kickésep below). Reflexes provide for extremely rapid

automatic responses to counteract sudden changjes @mvironment.

Reflex Get a friend to gently tap your patellar tenddmleyou sit on something high enough so
that your legs dangle. When your leg kicked up siso 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 | 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 isnvoluntary . More
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complex reflexes involve more neurons. The expoessiunning around like a chicken with its

head cut off* means that someone is unfocusedgdbings in a haphazard, careless way. The truth

is that a chicken really can run around after #&achhas been cut off. Headless chickens run because

of complex reflexes within the spinal cord; it dogsequire a brain. Of course, the chicken can see

where it's going, and it is squirting blood likegayser of water from a whale’s blowhole. Yuck!
Here's an example with less bloodshed. Your dogyCis asleep in front of the fireplace.

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

convulsively. (Don't do it too long because Codgaahas brain structures for anger and attack.)
Even though the input is simple, Cody's refleremlly quite complicated, giving rise to

many coordinated and well-timed movements. As yesgen above, there can be many neurons

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

Not a reflex Try this. Kick your leg out just as if your patell@ndon had been hit. How did you
do that? Neurons in your brain sent impulses doaur gpinal cord and activated the same motor
neurons that move your leg during a reflex. Movenieitiated by the brain is callegbluntary. It

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

When someonhits you on the arm, and tells you to be quiet andhisb Obama’s speech,
you feel it because sensory neuron from your ammnto the spinal cord and synapse with
interneurons, that send their axons up the coyotw brain. When you voluntarily move your arms

and hands to clap at a line in Obama’s speechcgowdo so because interneurons in your brain
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send axons down your spinal cord to synapse onmetarons that move you arms. Dendrites, cell

bodies and terminal buttons in these synapsedlages in color. The axons running up and down
the spinal cord are gray also. But those microgcapons are covered by myelin. In fact the axons
are so small that you can’t se them, all you caniséhe myelin, and myelin is white. Look at the

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

mostly of dendrites and cell bodies. The surrougdissue is made up of axons covered by myelin,
and is called white matter. The gray is called .u gaessed it, gray matter.

Actor Christopher Reeve severed his spinal cotdeanheck in a fall from a horse. Information
cannot get from his body to his brain because toashave been severed, so he can feel nothing

below the cut. Likewise, information cannot getnfrbis brain to his body so he has no voluntary
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movement below the cut. What about reflexes? Ieethay damage to the paths of the sensory or

motor neurons? No. Is there anything to stop timesgons from firing? No. Reflexes can still occur
below the level of the cut. With time muscles alrpjand the reflex will diminish in size.

When axons in the CNS (brain and spinal cord) avergd, glia cells clean up the dead cells
and form scar tissue that the axon cannot penekata result, this damage is permanent. There is a
great deal of research being done to find waygphiring CNS damage. Remember, the story is
different for neurons in the PNS, where cut axars regenerate.

Autonomic Nervous Systenilhe part of the PNS that we've been talking alemd, over which

you have voluntary control, is called the somagcvous system. The other part that you normally
cannot control is your autonomic nervous systermutomatically regulates your internal organs,
glands, and muscles of the intestines, stomaatrjestand heart. The autonomic nervous system is
composed of two opposing subsystems:syrapathetic division and thgarasympathetic

division. As you can see in the figure below, theggtems work on the same internal structures, but
they have opposite effects. The sympathetic i¥@aethen you are active. It increases your heart
and respiration rates and opens your airways sagoperform vigorous activities. The
parasympathetic, on the other hand, decreasesrgagnd promotes a calm, restful state. Briefly
put, the sympathetic is théight or flight” system, the parasympathetic is thest and digest
system.
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As its name implies, the autonomic nervous systikeag care of these internal processes on

its own. You don’t have to think about controlliggur heart rate, you can attend to other matters,
such as reading this paragraph. If you had to d¢ouasly control breathing, coughing, heart beat,

stomach and intestinal contractions and secretionsvouldn’t have time for anything else.

CNS: THE BRAIN SOLVES COMPLEX PROBLEMS

Even a casual comparison of humans to other aniquatkly reveals human physical deficiencies.
Many animals are stronger, can run faster, jumpdrigr farther, go longer without food or water,
hide better, hunt better, hold their breath longeendure colder temperatures. These capabilities
evolved because they helped those animals to suand reproduce. Humans, however, have an
evolutionary adaptation that has produced unrivaleztess in the animal kingdom, and that, of
course, is the human brain. It is the source ofligious capacities to learn, to create and usetool
to use language, and solve complex problems.dwallhumans to overcome physical deficiencies.
When you look at the three-pound lump of tissu¢ iha human brain, it doesn't engender any
sense of awe or amazement. It looks like a wetkigd, blob of fat. What it does, however, makes
the brain arguably theost powerful living thing on EartfThe universe can exist within the brain,
and not justhe brain, butyour brain. No computer or system of computers in thddwean do what
your brain does as you simply walk around campasgeizing and greeting friends and carrying
on conversations. It's not even close!

Your brain is so important that even though it'sy@% of your bodyweight, it requires
more than 20% of the blood pumped from your he&@tir body runs on glucose and fats. Your
brain runs only on glucose—it’s a sugar junky aeguires a constant supply. It uses the equivalent
of 20 plain M&Ms worth of glucose per hour, eveiyun, 24 hours a day. (You might want to fuel
up before beginning the next section.)

Having a big brain is extremely valuable, but i$ lmatremendous costs. Evolution didn’t
select it for its size alone. “A large-brained ¢uea,” writes Steven Pinker (1994) “is sentenced to
life that combines all the disadvantages of balage watermelon on a broomstick, running in
place in a down jacket” (p. 363). A newborn’s héads large as it can be and still get out of the
mother’s birth canal. At one pound, a newborn’srbisunfinished. That is why newborns are
unable to perform complex behaviors—their braiesiacomplete. After about 4 years, the brain is
almost its full size. Much of the growth comes frtdme addition of billions of glia cells; the rest i
the result of elaborations of dendrites and syrmapséakes 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. AlImost evergusture is paired. Let’s start at the bottom

and work our way up, looking at the major strucsueiad discussing a little of what we know about
their functions. The brain can be divided into ehparts: the hindbrain, midbrain, and forebrain.
Hindbrain The hindbrain is made up of four structures: miadglons, reticular formation and
cerebellum (see figure below). Theedulla looks just like the spinal cord and carries outynaf

the same kinds of functions. It has sensory anenumnnections with the head. It also provides
life support functions, including vital reflexescéuas heart rate and blood pressure changes,
coughing, sneezing, salivating, swallowing, genegabreathing rhythms, and everyone’s
favorite—vomiting. As you probably know, alcoholagoxin and when people consume large
doses the medulla stimulates muscles to get ibbybur body as rapidly as possible. Damage or a
tumor in the medulla is life threatening, and deathe to drug overdose are often caused by the
drug's actions in the medulla.

Theponscontains neurons involved in sleep, dreams ancfufikess. Running through the
core of both the medulla and the pons isrdteular formation . Its neurons form a network that
sends some axons up to structures in the forebralrothers down to the spinal cord. It plays a
major role in arousal and attention: events in y@wironment cause the reticular formation to

stimulate many brain areas.

Thecerebellumis a large structure behind the pons and medtikresponsible for

coordinating and refining movements. It receivdsrimation about body and limb position,



3-17
balance, and inputs from the visual and auditosgesys. The cerebellum continuously, and nearly

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

motor commands. This is why you can rapidly toughtip of your nose with your finger without

poking your eye out. It is also where practicing guitar or videogame controller has its effect.
The cerebellum is the body’s autopilot. When yaostfiearn to drive a car with a manual

transmission it takes all of your concentratiorerhembers my father teaching me how to drive:

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

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

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

SHIFT! PUT IN THE CLUTCH! STOP!!" It took every gafilla of concentration | could muster

just to drive a few hundred yards from my houseeWhdrove to campus this morning, | jumped

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

every turn of the steering wheel. | don’t rememngiting on the brakes. | don’t remember pressing

of the accelerator. | don’t remember where | parger, but that's another story and another part

of my brain. My cerebellum did the driving. Whenuydrive youare in control, but you don’t have

to think about every move you make. You can spbatittme listening to music, planning your

day, or talking with friends. A great deal of rawgibehavior 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 tkaperior

colliculus andinferior colliculus; and the

tegmentum in the front, consisting of the

substantial nigra, thered nucleus and the

periagueductal 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 beginninthisfline without moving your head. You can’t

do it. Eyes are made to jump from point to poitdpping momentarily to focus. Now try to follow
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your finger as you move it around in front of ydlothing to it. Under normal circumstances, your

eyes move smoothly and easily when they follow &ingobject such as an officer’s finger.
Alcohol compromises (among many other things) tigesor colliculus, which is responsible for
the visual following reflex. When the object mow#kto the side into the drunk’s peripheral vision,
the eyes start jerking rather than smoothly follogvihe target.

The inferior colliculus is involved in auditory tekes. Together the inferior and superior
colliculi process visual and auditory and integrsgasory and motor systems, guiding head and eye
movements, and coordinating visual and auditorigxet.

In the tegmentum, theubstantia nigraandred nucleusinitiate and controlling body
movement. Damage to the substantial nigra caus&mBan's Disease. Earlier we mentioned some
of the symptoms caused by the degeneration of thes®ns. Over two million people in the
United States alone suffer from this devastatingentent disorder, including actor Michael J. Fox

and Mohammad Ali.

The periageductal gray (around the aqueduct) slved in pain relief. It is the site where
the opiod drugs, morphine and heroin work to reipain.
Forebrain The forebrain is divided into thelencephalonand thediencephalon There are two
structures in the diencephalons: the thalamuslaatiypothalamus. The telencephalon includes the
basal ganglia, limbic system, and the cerebrakzort

Thethalamus extends above the midbrain and consists of twesbg@ed structures sitting
side by side at the center of the brain. Infornmafrom the senses travels to specific thalamiceiucl
and is then projected via tracts to the appropaatas of the cortex. I'll mention three nuclee th
lateral geniculate (LGN) receives visual information, timedial geniculateis auditory, and the
ventral posterior is somatosensory. The thalamas gets information from the reticular formation,
and the pons during dreams. Cortical areas alsbisémrmation back to the thalamus, increasing

the neural activity necessary to maintain attenttoparticularly important sensory input.
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Thehypothalamusis located just under the thalamus. It controésabtonomic nervous
system and motivated behaviors related to sunamdlreproduction. These behaviors are often
referred to as the four F's: fighting, feedingefiey, and sex. This is one of the oldest jokes In
biopsychology, but you probably won't forget thdsections of the hypothalamus. It is also
involved in drinking, temperature regulation, atekping. Damage to specific hypothalamic nuclei
can cause a variety of behaviors, from ravenousganhd massive weight gain, to starvation.

Beneath the hypothalamus, and under its directralpmd thepituitary gland . The pituitary
gland is known as the master gland because itmgtgwoduces its own hormones, it controls the
secretion from other endocrine glands. Hormoned) as adrenaline, male and female sex
hormones, and steroids, have wide-ranging behdwaéfects.

Thebasal gangliaare a group of structures in the telencephalanatesral and above the
thalamus is thglobus pallidus Out a little further out is theutamen. Then, wrapping around and

laterally, like ram horns is thmaudate nucleusending at theamygdala
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The basal ganglia play a significant role in collit\g movement. It is the area that is

damaged in the early stages of Huntington's Disehseussed in the previous chapter. It is also the
destination of axons from the substantia nigra.

Thelimbic systemis a loose collection of structures such asatinggdalaand the
hippocampusthat surround the basal ganglia, but also inchatés of the hypothalamus and
cortex. The limbic system is involved in emotiolegrning, and memory formation.

You actually have two hippocampi—Ileft and right—ahdy play a pivotal role in
formation of new memories. In a recent study, Londabdrivers who had more experience were
found to have larger hippocampi. As they gainedermowledge of the city their hippocampi
increased in size (Maguire et al, 2000).

A portion of the amygdala is involved in experigrgcfear. A person with damage to that
area of the amygdala is totally insensitive tofigdagituations (Aggleton, 1993). Not only don’t the
feel fear normally, they can’t even recognize thadl expression of fear on someone else’s face
(Young et al, 1995)! Other portions of the amygdaka especially involved in experiencing and
expressing aggression. What do you suppose wopldemaif this part of the amygdala were
stimulated? Take a look at this transcript of &eatisturbing study done back in 1961. This
patient is having her amygdala electrically stintedia
Amygdala stimulation at 5 milliamperes (mA):

Interviewer: How do you feel now?
Subject: | feel like | want to get up from this ah#®lease don't let me do it! Don’t do this to
me. | don’t want to be mean.

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

so | won't. (Hands her scarf to the interviewer;Hamds her a stack of paper, which
she tears to shreds.) | don't like to feel likesthi

Current reduced to 4 mA:

Subject: | 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 abbow you were feeling a moment ago?

Subject: | wanted to get up from this chair and lumanted to hit something; tear up
something—anything. Not you, just anything. | jwsinted to get up and tear. | 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: | think | feel better like this. | getatt of my system. | don’t have those other
thoughts when I'm like this. . . . Take my bloo@gsure, | say! Quit holding me!
I’'m getting up! You'd better get somebody elseatywant 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 obsifeature is the wrinkled surface. The

cerebral cortexis the outer covering of the brain. It is lessti& of an inch thick, and consists of

a large sheet of more than 50 billion neurons. Wanfirst 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 pagérgaoeading now!
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All of that cortex can be packed into your skultaese two-thirds of it is hidden in the

grooves. That's the value of a highly convolutedeco Of course, we could have evolved into
creatures without convolutions, in which case yaghthhave been born with a giant, flat head,
shaped like a kitchen table with eyes in the carifeery attractive). From an evolutionary
standpoint, however, running through a forest withh a head would have been a challenge, and a
strong wind might have launched us head first antcee trunk. | don't even want to think about
childbirth! A big flat head—the evolutionary roadtrtaken.

The second obvious characteristic is that the bsadlivided in half. There are two distinct
hemispheresthat appear to be mirror images. Interestingich hemisphere receives sensory
information and controls muscles of the opposite de of the body Though they look the same,
the right and left hemispheres do not carry outtidal functions.

The two sides of the brain are connected by a lbagel of fibers called theorpus

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

that seizure activity increased as it spread badkfarth across the corpus callosum between the
hemispheres led to this surgery being performesoone human patients with severe epilepsy. The
surgery was very effective, often stopping themadsions completely. Studies of thesmit-

brain patients revealed no apparent changes in theavi@h More than a quarter of a century of
research seemed to indicate that the corpus calldsud no function. Was it possible that this
enormous bundle of more than 200 million axons ntiagor connection between the cerebral
hemispheres, could be cut without causing any ealile change in behavior?

In a clever experiment using cats, Sperry and ot{l956) clearly identified the function of
the corpus callosum and made a startling discovefgrmation learned in one hemisphere was
transferred to the other by the corpus callosurifitbe corpus callosum was severed, each
hemisphere could function independently. In otherds, the cats appeared to have two brains!

In the 1960s, neurosurgeons began a program tootseiere epilepsy with this surgery
(Bogen et al., 1988). Those who had the surgerg strdied extensively. These split-brain patients
also appeared to have two independently functiobhmaghs (Sperry, 1984).

Retine
Optic nerve
Optic chiasr
Left visual Right visual
cortex cortex

Path from eyes to brain
As you can see from the figure above, stimuli cagbided to either hemisphere, buhe

corpus callosum has been cuthat information cannot reach the other hemisph®ince the left
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hemisphere has almost total control over speeditbspin patients can readily speak about what

has been directed to the left hemisphere. The iktigicapabilities of the right hemisphere, on the
other hand, are minimal, making a verbal descniptibinformation directed to the right
hemisphere nearly impossible. If the right hemisphg shown a pen, the patient will claim not to
have seen anything. When asked to “feel” severgotdand choose the correct one, the patient
will choose correctly with her left hand (contrallby the right hemisphere) and incorrectly with
her right hand (controlled by the left hemispheiidg 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 betieehemispheres--the left hemisphere is
logical, analytical and verbal while the right heptiere is intuitive, holistic and perceptual. Peopl
who are good at science or mathematics are saisitthe left side of their brains, while artistd an
creative folks use the right (Ornstein, 1978).daotf some authors have claimed that everyone can
be classified as either a right or left hemisphmreson (Bakan, 1971). Teachers have been
bombarded with claims that Western education degadund neglects the right hemisphere, and that
they should employ teaching techniques focusintherright side of the brain (Harris, 1988). Some
even suggest that supposed differences betweeeri&astd Western consciousness are based on
hemispheric differences--Eastern holistic “rightiesrsus Western analytical “lefties” (Ornstein,
1977).

Interested in self-improvement? Hang on to yamispheres, because these authors have
the answers. Art class got you down cast?0Ongwing on the Right Side of the Brgiadwards,
1999). If you aren’t interested in drawing, you @xpress your creativity Byriting the Natural
Way: Using Right-Brain Techniques to Release Yoqréssive Power@Rico & Volk, 2000).
Struggling with math? Why don’t you t@onnecting Art to Mathematics: Activities for thigtR
Brain (Torrance, 2003). If you want to lose weight, yaun ceadNot Another Diet Book: A Right-
Brain Program for Successful Weight Managen{&asimmer, 1986). Not getting ahead at work?
Take some advice froifhe Right Brain Manager: How to Use the Power afitdind to Achieve
Personal and Professional Succéatder, 2000). Other work related problems mightsbésed by
Organizing for the Creative Person: Right-Brain|8syfor Conquering Clutter, Mastering Time,
and Reaching Your Goalkamping & Lehmkuhl, 1993). After getting yourselfganized you can
start working on problems that arigéhen Opposites Attract: Right Brain/Left Brain Relaships
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and How to Make Them Wof&utter, 1994). If you do make your relationshiprkvonaybe you can

enjoyRight Brain SeXWells, 1991). These speculations go far beyoncth@ence, seemingly
unhindered by the thought process.

The desire to localize entire functions, ways @iking, and even different kinds of
consciousness to one hemisphere or the othermgriaakes it easier to think about the brain.
Scientific evidence, however, doesn’t support . usually large number of studies on
hemispheric specialization show small differencesitradictory results, or results that can't be
reproduced (Kosslyn et al., 1999).

Thereare some hemispheric differences. The left hemisphasecircuits that are
specialized for sequential and analytical procetisssare part of behaviors such as language. But
the right hemisphere is better than the left agéo#spects of language, such as understanding and
producing rhythm, tone, and emphasis of speechr{iféeib et al., 1981); understanding humor
(Bihrle, 1986); and recognizing lying (Sachs, 19Bitoff et al, 2000.) The right hemisphere is
more involved in synthetic processes that undertigal-spatial skills that allow us to recognize
faces and the shape of objects (Bradshaw & NettJeii®81; Fink et al., 1996; Gazzaniga &
Sperry,1967), but the left hemisphere also contedby extracting perceptual details (Hellige,
1993; Ivry & Robertson, 1998). Anything complexg¢blas language (though mostly a left
hemisphere function), is processed by many discseterialized functional units throughout the
forebrain and very likely both hemispheres (Gazzamit al., 1998).

Recent research in cognitive science, artificitgliigence, evolutionary psychology, and
neuroscience supports the idea that the braircadlection of specialized modules located in both
hemispheres that interact to perform functions #tlatv us to solve specific, real world problems
(Felleman & Van Essen, 1991; Gazzaniga, 1999; Khweset al., 1994).

As you read these sentences and think about wégintlean, both hemispheres are working,
activity shifting from place to place, processinfjedent aspects of the task (Mason & Just, 2004).
Many of the differences between the hemispheresraedl, and mutual interaction between the
hemispheres is the norm (Gazzaniga, et al., 1918 right and left hemispheres are in constant
communication via the corpus callosum. Any compéesk, such as having a conversation or
creating a work of art, is not performed by jusé dralf of your brain. The notion that people have
neglected the right hemisphere is nonsense. Tlaetidd people have unused capacity in the right
hemisphere is little more than a variation on tlienoyth that people use only 10% of their brains.
We use all of our brain. Try cutting out 90% of ydwain -good luck on our first Biopsych Test!
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So, if your English professor starts waxing poatiout the untapped potential of the “right
brain,” you should inform him or her (gently) tiiae right hemisphere does not have its own style
of perceiving or thinking. There isn’t any storekewf special wisdom hidden there. Nor are there
any “left-brained” people or “right-brained” peopRrain structures are like “well-behaved first-
graders” - they like to share and they work welhnathers.

Lobes of the Cortex

Each cerebral hemisphere is divided into four Ipbasned after the bones of the skull that cover
them: frontal, parietal, occipital, and temporal.

Humanfrontal lobes are enormous. The frontal cortex makes up one-tifithe entire
cortical surface. Thprefrontal cortex, directly behind your forehead, is involved in &exitive
functions,” such as making judgments, plans andsaets and is involved in planning, organizing,
and controlling movement. Therecentral gyrus is primary motor cortex, which is organized
like a map of the muscles of your body. The museofegur fingers, lips, and tongue over which
you have extraordinary control, require large adartex, while one of the largest muscles of
your thigh, takes up only a small area of cortexisle movements of the tongue and mouth that
produce speech are controlled by an area in th&deftal lobe, known aBroca’s area

Theparietal lobe consists of theomatosensory cortexn thepostcentral gyruswhich
receives and processes information from sensorgonsun the skin to produce the experiences of
touch, temperature, tickle, position and moveménbar body and limbs. It is organized much like
the motor cortex. A large portion of the somatosepnsortex is devoted to the lips and hands

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

The posterior parietal cortex is responsible farathility to perceive the motion and
location of things in our environment and our bsdrelationship to the outside world. Sacks
(1985) reports a case in which a patient had darmalyer right posterior parietal lobe. This caused
her to ignore the left half of her world; she hastltheideaof "left". For example, she would eat
only from the right side of her plate, complainihgt the meal was too small. When the nurse
would rotate the plate or force her head to thie $#fe would say "Oh, there it is--it wasn't there
before." Over time she did learn to cope with hebfem. If she finished a meal and was still
hungry, even though she would not look or turrhmleft, she would turn to the right, all the way
around until the missing half came into view. Ndwttshe could see the food she would eat it, or
rather half of it--the right half. If she was stilingry she would repeat the procedure. She went
about her daily activities always turning to thghti oblivious to the left half of the world!

Theoccipital lobe consists of the visual cortex, which receives laagins the analysis of
visual information. The analysis of visual inpueigraordinarily complex and involves many other
areas of the cortex. In Chapter 6 we will see hansee.

Thetemporal lobe contains the auditory cortex, which analyzes angimessages. It is
also the area that puts together concepts and wasdsn example of how specialized brain

modules perform specific functions, consider whahdge to different areas of the temporal lobe
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can do. Damage to the front of the left temporhElocauses patients to lose the use of proper nouns.

They are not able to use words such as Ricardaidsippi, Chevrolet, or Sears. People with
damage to the lower part of the left temporal Idba’'t have problems with proper nouns, but they
do have trouble with common nouns, words such agenatate, automobile, or store (Damasio &
Damasio, 1993). Damage that includes internal &iras of the temporal lobe can cause excessive

religiosity, humorless moralism, and obsessive(8ssock, 1999).

A few of thoughts on the tools and techniques fortgdying the brain
Having described the functions of many areas obtla&, you might be wondering how we know
which part does what. In Chapter 5 you'll read al@owide variety of procedures used to study the
brain. There are methods to trace the paths obnsufind out where neurons go and what
neurotransmitters are being released. Scientistshawe spectacular new methods of visualizing a
living human brain, not merely the internal struetalone, but how the neural activity changes
during different behavioral states. Pioneeringststs were limited to observing people with brain
damage, only able to look at the brain after delatrant to mention a couple of methods here.

Brain Damage The logic goes like this: if an area of the brigidamaged, and the person shows
certain deficits in function, then the damaged sureast be responsible for those functions. There
are problems with this method, not the least ofolwhs that accidents in nature usually don't
damage the brain in precise surgical ways. OccaBigmpeople have very localized strokes or head
injuries that damage very specific areas of thenkaad cause specific problems. For example, a
few months after a head injury that left him unableead, a man was watching a technician repair
his washing machine. He wanted to say somethimgstavife privately, so he wrote a note on a pad.
As he handed it to her, he was shocked to rediaieeven though he could not read, he was able to
write! (Carlson, 2010). Sounds impossible, buttittee. Damage to a small area of the left occipital
cortex and rear of the corpus callosum capses 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 iwaguld be better to destroy
carefully only what you wanted to and then obséineeeffects. Damage like this is called a brain
lesion. The destruction of parts of a human's bi@imesearch would be unethical, but, as we
indicated, human and animal brains are very similaithe cellular level, any animal with a

nervous system has essentially identical neurangotransmitters, and receptors. Structures that
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are involved in controlling functions such as egtidrinking, sleeping, moving, seeing, and hearing

are practically identical in all living mammals. 8e function of a particular brain area can be
inferred by observing behaviors of animals withcsfoe brain lesions.

There are problems with the interpretation ofdasstudies. Imagine that you have one of
those old gigantic computers that take up an erdgwen. You want to know how it works. So you
climb aboard a forklift and drive it into the contpuand tear out a tangle of circuit boards and
wires. Then you operate the computer and see wban’tdo. Rather crude, wouldn't you say? The
computer might have been programmed do thingsiikduce the most efficient routing schedule
for busses in Boston, and it fails to give you aimyg at all. You wouldn't really know if you'd
destroyed chips in part of a memory system or @siog units, or maybe just damaged circuits
going to the monitor. (Our example is actually mitke accidental brain damage than a carefully
controlled, precise lesion, but you get the idea.)

Brain lesions can be made by cutting, burning, guisy or aspirating (sucking out) brain
tissue. (Even though this may sound like a scema & cheap horror movie, these are actual
methods of removing brain tissue.) More often, hasvean electrode is inserted into the brain and
when the tip is in the right location, an electiicrent heats the tip, destroying all the tissweiad
it. This includes not only cell bodies, but axohattmay just be passing through. To be more
selective, there are chemicals that kill only nesrarhose cell bodies are near, sparing nearby
axons. Another alternative to cutting, sucking,nmog, and poisoning is to produce a “temporary”
lesion by introducing an anesthetic drug, or capheurons so that they will not function for a
while, but will not be permanently damaged.

In the 1940's and 50's, researchers found thay ¢&esion in a specific part of the
hypothalamus caused rats to eat ravenously andreegoossly obese (Hetherington & Ranson,
1940). Lesions one millimeter away (in another pathe hypothalamus) caused rats to stop eating
and often starve to death (Anand & Brobeck, 19%hg former turned out to be due to damage to
nearby axons, while the latter turned out to be far all species tested: mice, rats, cats, dags, a
monkeys (Rosenweig et al, 2005). Regulating eatatgally turns out to be much more complex
than this.

Brain stimulation Instead of destroying parts of the brain, scgstbften use weak electrical
current or stimulant drugs to activate areas ofotfagn. When people undergo brain surgery, they
are often brought back to full consciousness dfteicortex is exposed so the surgeon can directly

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

(Penfield & Jaspers, 1954). Much of the informatadrout the organization of the somatosensory
and motor cortex came from such studies. Stimulatica small area of motor cortex causes muscle
movement on the opposite side of the body. Stinaraif the somatosensory cortex causes the
patient to report being touched. Stimulate the tanglicortex and patients report sounds, but in
other areas of the temporal lobe patients repodat\@ppear to be memories of things such as a
birthday party or a walk in the woods (Gazzanigal £1998).

Clearly, we can't make lesions in human brainsawr through peoples' skulls just to study
their brains, but in the last 20 years new techgiohd tools have allowed us to see not just brain
structure, but images of functioning human bra&ighough most of the technology required to
generate these images had been around for mang; yteeaasn't until the formulation of advanced
mathematical algorithms capable of processing nsasiséata that these techniques became

practical (Gallusio, 1990).

PET Scan Both CT and MRI scans show us only the structditbe brain. Positron emission
tomography (PET) can give us images of the activitfomeone's brain while they are performing
specific tasks or while different stimuli are pretsl to them. Here's how it works. As we said
earlier, neurons use glucose as their energy soWhen different portions of the brain are active,
neurons in those areas take in more glucose --rteeg energy to do work. In a PET scan, a form
of glucose is made radioactive and injected ineolilood. (The dose is harmless.) The subject is
then asked to perform some task, such as thinkinguns, or birds, or moving the fingers of the
left hand. The neurons responsible for the tagk wtarking more than those not involved, so they
take up the radioactive glucose. As the radioadlueose decays, it emits positrons (particles of
antimatter) that immediately collide with electrdpsirticles of matter). The two particles annilglat
each other in a tiny explosion. This explosionasés energy in the form of gamma rays that

indicate the location of the activity.

Technological innovation in the near future wilbduce better images at lower costs so that
brain imaging will be used in more and more redeaResearch questions are now being posed, not
just by neuroscientists and psychologists, but aysanthropologists, philosophers, and professors
of business, music, and English. Their studiesedrgn finding the circuitry of romantic love and
moral reasoning to how the brain responds to diffeadvertising images.
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Evaluating evidence from such studies is not ditéogward. Scientists must make sure that

data obtained using many different methods sughersame conclusion. In other words, brain
damage in humans, animal lesions, stimulation sfj@ind computer visualizations of the brain,

must all indicate that the same brain regionsrarelved with specific functions.

SUMMARY
The brain and nervous systems are involved in évieny you do, and abnormal functioning may
result in disorders such as schizophrenia.
Gradually, the process of natural selection resulspecies better equipped to survive and
reproduce in their environments. Animals livingwmore demanding environments have more
complex hindbrain, midbrain and forebrain strucsufEhe human brain is a collection of primitive
and sophisticated structures, like an old city.
The nervous system includes sensory, motor ancheieons. They are composed of dendrites,
somas and axons. An action potential occurs wahmeuron if it gets enough stimulation. A
neurotransmitter crosses synapses to bind witlpterseof other neurons. There are many distinct
neurotransmitters with different effects on brattivaties.
The peripheral nervous system is comprised of dheasic system for voluntary movements and the
autonomic systems for involuntary movements. Themathetic and parasympathetic subsystems
have opposite effects on organs and glands. Reflaseesimple circuits enabling rapid responses.
The hindbrain is involved in life-support tasksglsias breathing. The midbrain processes incoming
sensory data and motor responses. In humans, thmeus forebrain has many functions,
including learning, memory, problem solving, emoabresponses, and planning and coordinating
complex behaviors. The cerebral hemispheres hawe slistinct functions but, typically, they share
information and work together. The idea that tliedad right sides have different ways of thinking

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