





Neurons: The Origin of Behavior

in your brain. To give you a sense of just how big that number is, it’s more than five
times the estimated 6.5 billion people currently living on Earth. These neurons come
in different shapes and sizes, and they perform a variety of tasks that allow you to
function as a human being.

Like cells in all organs of the body, neurons have a cell body (also called the
soma), the component of the neuron that coordinates the information-processing tasks
and keeps the cell alive. Functions such as protein synthesis, energy production, and
metabolism take place here. The cell body contains a nucleus; this structure houses
chromosomes that contain your DNA, the genetic blueprint of who you are. The cell
body is surrounded by a porous cell membrane that allows molecules to flow into
and out of the cell. Unlike other cells in the body, neurons have two types of special-
ized extensions of the cell membrane that allow them to communicate: dendrites
and axons. Dendrites receive information from other neurons and relay it to the cell body.
The term dendrite comes from the Greek word for “tree”; indeed, most neurons have
many dendrites that look like tree branches. The axon transmits information to other
neurons, muscles, or glands. Each neuron has a single axon that sometimes can be
very long, even stretching up to a meter from the base of the spinal cord down to the
big toe.

In addition to the 100 billion neurons processing information in your brain, there
are 10 to 50 times as many glial cells, which are support cells found in the nervous system.
Some glial cells digest parts of dead neurons; others provide physical and nutritional
support for neurons. Some glial cells form myelin sheaths, insulating layers of fatty ma-
terial around the axons of some neurons. Axons insulated with myelin can more efficiently
transmit signals to other neurons, organs, or muscles.

In fact, in demyelinating diseases, such as multiple sclerosis, the myelin sheath dete-
riorates, causing a slowdown in the transmission of information from one neuron to
another (Schwartz & Westbrook, 2000). This condition leads to a variety of problems,
including loss of feeling in the limbs, partial blindness, and difficulties in coordinated
movement. Multiple sclerosis often entails cycles of myelin loss and subsequent
recovery.

Although neurons look like they form a continuously connected lattice in the brain,
the dendrites and axons of neurons do not actually touch each other. There’s a small
gap between the axon of one neuron and the dendrites or cell body of another. This gap
is part of the synapse: the junction or region between the axon of one neuron and the dendrites
or cell body of another (see FIGURE 3.2 on the next page). Many of the 100 billion neurons
in your brain have a few thousand synaptic junctions, so

most adults have between 100 trillion and 500 trillion ¢ Hf? w do the thrie types

synapses. As you'll read shortly, the transmission of in- 0T néurons wor )

formation across the synapse is fundamental to commu- Fogether.to transmit
information?

nication between neurons, a process that allows us to
think, feel, and behave.

There are three major types of neurons, each performing a distinct function: sensory
neurons, motor neurons, and interneurons. Sensory neurons receive information from
the external world and convey this information to the brain via the spinal cord. Sensory neu-
rons have specialized endings on their dendrites that receive signals for light, sound,
touch, taste, and smell. For example, in our eyes, sensory neurons’ endings are sensitive
to light. Motor neurons carry signals from the spinal cord to the muscles to produce move-
ment. These neurons often have long axons that can stretch to muscles at our extrem-
ities. However, most of the nervous system is composed of the third type of neuron,
interneurons, which connect sensory neurons, motor neurons, or other interneurons. Some
interneurons carry information from sensory neurons into the nervous system, others
carry information from the nervous system to motor neurons, and still others perform
a variety of information-processing functions within the nervous system. Interneurons
work together in small circuits to perform simple tasks, such as identifying the location
of a sensory signal, and much more complicated ones, such as recognizing a familiar
face.)
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neurons Cells in the nervous system that
communicate with one another to perform
information-processing tasks.

cell body The part of a neuron that coordi-
nates information-processing tasks and
keeps the cell alive.

dendrites The part of a neuron that re-
ceives information from other neurons and
relays it to the cell body.

axon The part of a neuron that transmits
information to other neurons, muscles, or
glands.

myelin sheath An insulating layer of fatty
material.

glial cells Support cells found in the nerv-
ous system.

synapse The junction or region between the
axon of one neuron and the dendrites or cell
body of another.

Sensory neurons Neurons that receive in-
formation from the external world and con-
vey this information to the brain via the
spinal cord.

motor neurons Neurons that carry signals
from the spinal cord to the muscles to pro-
duce movement.

interneurons Neurons that connect sensory
neurons, motor neurons, or other interneurons.
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allow the flow of other molecules are normally closed. There is naturally a higher con-

centration of potassium ions inside the neuron, and so some K* ions flow out—like water

out of a strainer. This leaves the neuron with fewer positively charged molecules on the

inside relative to the outside. This natural electric charge or resting potential is the dif-

ference in electric charge between the inside and outside of a neuron’s cell membrane (Kandel,

o Whg is an action 2000). The resting potential is about —70 millivolts, or roughly
. 1/200 of the charge of an AA battery.

potential anall-or- L . ial fth

nothing event? ' e neuron m.amta'ms its re§t1ng Potentla most of the

time. However, biologists working with neurons from the
squid (which has particularly large, easy-to-study neurons)
noticed that they could stimulate the axon with a brief electric shock, which resulted
in the conduction of a large electric impulse down the length of the axon (Hausser,
2000; Hodgkin & Huxley, 1939). This electric impulse is called an action potential,
which is an electric signal that is conducted along the length of a neuron’s axon to the synapse
(see FIGURE 3.3). The action potential occurs only when the electric shock reaches a cer-
tain level, or threshold. When the shock was below this threshold, the researchers
recorded only tiny signals, which dissipated rapidly. Interestingly, increases in the elec-
tric shock above the threshold did not increase the strength of the action potential. The
action potential is all or none: Electric stimulation below the threshold fails to produce
an action potential, whereas electric stimulation at or above the threshold always pro-
duces the action potential. The action potential always occurs with exactly the same
characteristics and at the same magnitude regardless of whether the stimulus is at or
above the threshold.

The action potential occurs when there is a change in the state of the axon’s
membrane channels. Remember, during the resting potential, only the K* chan-
nels are open. However, when an electric charge is raised to the threshold
value, the K* channels briefly shut down, and other channels that allow the
flow of another positively charged ion, sodium (Na*), are opened. Na* is
typically much more concentrated outside the axon than inside. When
the Na* channels open, those positively charged ions flow inside, in-
creasing the positive charge inside the axon relative to that outside.
This flow of Na* into the axon pushes the neuron’s electrical charge
all the way from its resting potential of —70 millivolts all the way
to +40 millivolts.

Biologists Alan Hodgkin and Andrew e o o|8ieie el e o'e
Huxley worked with the squid giant axon

because it is 100 times longer than the

biggest axon in humans. They discovered

the neuron'’s resting potential.
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The Action Potential (a) Electric stimulation of the neuron shuts down
the K+ channels and opens the Na+ channels, allowing Na+ to enter the
axon. The increase of Na+ inside the neuron results in an action potential.

(b) In the refractory period after the action potential, the channels return
to their original state, allowing K+ to flow out of the axon. This leaves an
abundance of K+ outside and Na+ inside the cell. (c) A chemical pump
then reverses the ion balance of ions by moving Na+ out of the axon and
K+ into the axon. The neuron can now generate another action potential.
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Some unexpected evidence also highlights the central role of dopamine in regulating
movement and motor performance. In 1982, six people ranging in age from 25 to 45
from the San Francisco Bay Area were admitted to emergency rooms with a bizarre
set of symptoms: paralysis, drooling, and an inability @ How does giving
to sPeak (,Laggston, 1995). A diagnosis of advanced patients L-dopa alleviate
Parkl.nson S fhsease was made, as t}?ese symptoms a.re symptoms of Parkinson's
consistent with the later stages of this degenerative dis- disease?
ease. It was unusual for six fairly young people to come ‘
down with advanced Parkinson’s at the same time in
the same geographic area. Indeed, none of the patients had Parkinson’s, but they were
all heroin addicts.

These patients thought they were ingesting a synthetic form of heroin (called MPPP),
but instead they ingested a close derivative called MPTP, which unfortunately had the
effects of destroying dopamine-producing neurons in an area of the brain crucial for
motor performance. Hence, these “frozen addicts” exhibited paralysis and masklike ex-
pressions. The patients experienced a remarkable recovery after they were given r-dopa.
Just as L-dopa acts as an agonist by enhancing the production of dopamine, drugs such
as MPTP act as antagonists by destroying dopamine-producing neurons.

Like MPTP, other street drugs can alter neurotransmitter function. Amphetamine,
for example, is a popular drug that stimulates the release of norepinephrine and
dopamine and also prevents the reuptake of norepinephrine and dopamine. The result
is to flood the synapse with those neurotransmitters, resulting in increased activation
of their receptors. Thus, it is a strong agonist. Cocaine acts through similar mechanisms
to amphetamine, although the psychological effects of the two drugs differ somewhat
because of subtle distinctions in where and how they act on the brain. Norepinephrine
and dopamine play a critical role in mood control, such that increases in either neuro-
transmitter result in euphoria, wakefulness, and a burst of energy. However, norepi-
nephrine also increases heart rate. An overdose of amphetamine or cocaine can cause
the heart to contract so rapidly that heartbeats do not last long enough to pump blood
effectively, leading to fainting and sometimes to death.

Prozac, a drug commonly used to treat depression, is another example of a neuro-
transmitter agonist. Prozac blocks the reuptake of the neurotransmitter serotonin, mak-
ing it part of a category of drugs called selective serotonin reuptake inhibitors, or SSRIs
(Wong, Bymaster, & Engelman, 1995). Patients suffering from clinical depression typi-
cally have reduced levels of serotonin in their brains. By blocking reuptake, more of the
neurotransmitter remains in the synapse longer and produces greater activation of sero-
tonin receptors. Serotonin elevates mood, which can help relieve depression.

As you've read, many drugs alter the actions of neurotransmitters. Think back to
David, whom you met at the beginning of this chapter: His paranoid hallucinations
were induced by his crystal meth habit. The actions of methamphetamine involve a
complex interaction at the neuron’s synapses—it affects pathways for dopamine, sero-
tonin, and norepinephrine—making it difficult to interpret exactly how it works. But
the combination of its agonist and antagonist effects alters the functions of neurotrans-
mitters that help us perceive and interpret visual images. In David’s case, it led to hal-
lucinations that called his eyesight, and his sanity, into question.

summary quiz [3.1]

1. The gap between the axon of one neuron and the dendrites of another is
called the
a. glial cell.
b. interneuron.
c. myelin sheath.
d. synapse.
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Nervous
system
Peripheral
Autonomic (controls Somatic (controls
self-regulated action of voluntary movements of

internal organs and glands) skeletal muscles)

Sympathetic
(arousing)

Parasympathetic
(calming)

Central
(brain and
spinal cord)

up a coffee cup involves the elegantly orchestrated activities of the somatic nervous
system: Information from the receptors in your eyes travels to your brain, registering
that a cup is on the table; signals from your brain travel to the muscles in your arm and
hand; feedback from those muscles tells your brain that the cup has been grasped; and
so on.

In contrast, the autonomic nervous system (ANS) is a set of nerves that carries in-
voluntary and automatic commands that control blood vessels, body organs, and glands.
As suggested by its name, this system works on its own to regulate bodily systems,
largely outside conscious control. The ANS has two major subdivisions, which each
exerts a different type of control on the body. The sympathetic nervous system is
a set of nerves that prepares the body for action in threatening situations (see FIGURE 3.7
on the next page).

When danger threatens, your sympathetic nervous system kicks into action: It dilates
your pupils to let in more light, increases your heart rate and respiration to pump more
Sl?slg;l (;(c; 2;1;&1}255, Vf}igfrts blood flow to your brain and mus- ® What triggers the

, glands to cool your body. To conserve

energy, the sympathetic nervous system inhibits salivation
and bowel movements, suppresses the body’s immune re-
sponses, and suppresses responses to pain and injury. The sum

increase in your
heart rate when you
feel threatened?

FIGURE3.6 ®®00e0000000o0
The Human Nervous System The
nervous system is organized into the

peripheral and central nervous systems.
The peripheral nervous system is further
divided into the automatic and somatic
nervous systems.

total of these fast, automatic responses is that they increase
the likelihood that you can escape from or fight off the threat.

The parasympathetic nervous system helps the body return to a normal resting state.
Once the threat has been eliminated or avoided, your body doesn’t need to remain on
red alert. Now the parasympathetic nervous system kicks in to reverse the effects of the
sympathetic nervous system and return your body to its normal state. The parasympa-
thetic nervous system generally mirrors the connections of the sympathetic nervous
system. For example, the parasympathetic nervous system constricts your pupils, slows
your heart rate and respiration, diverts blood flow to your digestive system, and de-
creases activity in your sweat glands.
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Interneuron

Sensory neuron

Spinal cord
FIGURE3.8§ ¢00 000000000 cscccocsssooe

The Pain Withdrawal Reflex Many actions of
the central nervous system don'’t require the
- brain’s input. For example, withdrawing from pain
sensory - = Wi is a reflexive activity controlled by the spinal cord.
receptors : Painful sensations (e.g., a pin jabbing your finger)
travel directly to the spinal cord via sensory neu-
rons, which then issue an immediate command to

motor neurons to retract the hand.

spinal reflexes, simple pathways in the nervous system that rapidly generate muscle contractions.
For example, if you touch a hot stove, the sensory neurons that register pain send inputs
directly into the spinal cord (see FIGURE 3.8, above). Through just a few synaptic connections
within the spinal cord, interneurons relay these sensory inputs to motor neurons that con-
nect to your arm muscles and direct you to quickly retract your hand. In other words, you
don’t need a whole lot of brainpower to rapidly pull your hand off a hot stove!

More elaborate tasks require the collaboration of the spinal cord and the brain. The
peripheral nervous system communicates with the central nervous system through
nerves that conduct sensory information into the brain, carry ® What important
commands out of the br.aln, or both. Dan.lage to the spinal functions does the
cord severs the connection from the brain to sensory and :

) . spinal cord perform
motor neurons that are essential to sensory perception and on its own?
movement. The location of the spinal injury often deter- )
mines the extent of the abilities that are lost. Patients with
damage at a particular level of the spinal cord lose sensation of touch and pain in body
parts below the level of the injury as well as a loss of motor control of the muscles in
the same areas. A spinal injury higher up the cord usually predicts a much poorer prog-
nosis, such as quadriplegia (the loss of sensation and motor control over all limbs),
breathing through a respirator, and lifelong immobility.

Research using embryonic stem cells, ® efeioie e e & e
which has the potential to advance

understanding and treatment of serious

brain diseases, should be enhanced by

President Obama'’s executive order in

early 2009 lifting previous restrictions

on this research.
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Behind the medulla is the cerebellum, a large
structure of the hindbrain that controls fine motor
skills. The cerebellum orchestrates the proper se-
quence of movements when we ride a bike, play ! ' HAGE
the piano, or maintain balance while walking Ll l.nformatlon iy a"do.Ut 2

. L. ! . ! = the spinal cord and controls the basic
and running. It is important for “fine-tuning” or ‘\ N\ — : functions of life. It includes the medulla,
smoothing our actions, rather than initiating ) o L ) / the reticular formation, the cerebellum,
them; accordingly, damage to the cerebellum S e ) and the pons.
produces impairments in coordination and bal- - ' ' -
ance, although not paralysis or immobility.

The last major area of the hindbrain is the Medulla
pons, a structure that relays information from the
cerebellum to the rest of the brain. Pons means
“bridge” in Latin. Although the detailed func-
tions of the pons remain poorly understood, it essentially acts as a “relay station” or
bridge between the cerebellum and other structures in the brain.

FIGURE3.]0®eeceecccccccooccsscoce

The Hindbrain The hindbrain coordi-

Cerebellum

Reticular formation

The Midbrain

Sitting on top of the hindbrain is the midbrain, which is rela-
tively small in humans. As you can see in FIGURE 3.11
(below), the midbrain contains two main struc-
tures: the tectum and the tegmentum. The tec-
tum orients an organism in the environment. The tectum
receives stimulus input from the eyes, ears, and skin and
moves the organism in a coordinated way
toward the stimulus. The tegmentum is in-

volved "_1 movement ‘f”d arousal; it also / Olympic medalist Apolo Anton Ohno e e e |eiele e e e e
helps orient an organism toward sensory : _ relies on his cerebellum to execute

stimuli. The midbrain may be relatively -, graceful, coordinated motions on the ice.
small, but it is a central location of neuro- The cerebellum, part of the hindbrain,
transmitters such as dopamine and serotonin helps direct the smooth action of a

. . . variety of motor behaviors.
that are involved in arousal, mood, and motiva-
tion and the brain structures that rely on them (White, 1996).

FIGURE3.]1®eeeecccccccccoccccccscsssosoe

The Midbrain The midbrain is important for orientation
and movement. It includes structures such as the
tectum and tegmentum.

o cerebellum A large structure of the hind-
brain that controls fine motor skills.

pons A brain structure that relays informa-
tion from the cerebellum to the rest of the

The Forebrain brain.

You could survive if you had only a hindbrain and a midbrain. The structures in the tectum A part of the midbrain that orients
hindbrain would take care of all the bodily functions necessary to sustain life, and the an organism in the environment.
structures in the midbrain would orient you toward or away from pleasurable or threat- tegmentum A part of the midbrain that is
ening stimuli in the environment. But this wouldn’t be much of a life. To understand involved in movement and arousal.
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Cerebral

TS T

Thalamus

Hypothalamus

Pituitary gland
Amygdala

Hippocampus

where the abilities that make us fully human come from, you
need a forebrain. The forebrain is the highest level of the
brain—literally and figuratively—and controls complex cog-
nitive, emotional, sensory, and motor functions (see FIGURE
3.12). The forebrain itself is divided into two main sections:
the cerebral cortex and the subcortical structures. The cere-
bral cortex is the outermost layer of the brain; the subcortical
structures are areas of the forebrain housed under the cerebral
cortex near the very center of the brain. You'll meet many key
subcortical structures in later chapters, but for now, let’s just
review a few of the most critical.

The thalamus relays and filters information from the senses
and transmits the information to the cerebral cortex. The thalamus
receives inputs from all the major senses except smell, which
has direct connections to the cerebral cortex. More than just a
relay station, the thalamus actively filters incoming sensory
information, giving more weight to some inputs and less
weight to others. The thalamus also closes the pathways of
incoming sensations during sleep, providing a valuable func-

@000 0 00 00FIGURE3.13

0000000000000 00000 FIGURE3.12

The Forebrain The forebrain, the
highest level of the brain, is critical for
complex cognitive, emotional, sensory,
and motor functions. The forebrain is

divided into two parts: the cerebral
cortex and the underlying subcortical
structures. These include the thalamus,
hypothalamus, pituitary gland, amyg-
dala, and hippocampus.

tion in not allowing information to pass to the rest of the brain.

The hypothalamus, located below the thalamus (hypo- is Greek for “under”), regu-
lates body temperature, hunger, thirst, and sexual behavior. For example, the hypothalamus
makes sure that body temperature, blood sugar levels, and metabolism are kept within
an optimal range for normal human functioning. Also, when you think about sex, mes-
sages from your cerebral cortex are sent to the hypothalamus to trigger the release of
hormones. It’s been suggested, then, that the hypothalamus is in charge of the “four Fs”
of behavior: (a) fighting, (b) fleeing, (c) feeding, and (d) mating.

Other important subcortical structures, shown in Figure 3.12 and covered in more
depth in later chapters, are the pituitary gland, which releases hormones that direct the
functions of many other glands (such as the hypothalamus); the hippocampus, which is crit-
ical for the creation and storage of new memories; the amygdala, which plays a central role in
many emotional processes; and the basal ganglia, a set of structures that direct intentional
movement.

The Cerebral Cortex

Perched atop all these subcortical areas in the forebrain lies the cerebral cortex. The cortex
is responsible for the most complex aspects of perception, emotion, movement, and
thought (Fuster, 2003). It sits over the rest of the brain, like a mushroom cap shielding
the underside and stem, and it is the wrinkled surface you see when looking at the brain
with the naked eye. The cerebral cortex can be divided

Cerebral
Hemispheres

Top view of

the brain with
part of the

right cerebral
hemisphere pulled
away to expose the
corpus callosum.

down the middle into two halves, the left hemisphere
and the right hemisphere. The two hemispheres are more
or less symmetrical in their appearance and, to some ex-
tent, in their functions. However, each hemisphere con-
trols the functions of the opposite side of the body: Your
right cerebral hemisphere perceives stimuli from and
controls movements on the left side of your body, whereas
your left cerebral hemisphere perceives stimuli from and
controls movement on the right side of your body. The
cerebral hemispheres are connected to each other by com-
missures, bundles of axons that make possible communi-
cation between parallel areas of the cortex in each half.
The largest of these commissures is the corpus callosum,
which connects large areas of the cerebral cortex on each side
of the brain and supports communication of information
across the hemispheres (see FIGURE 3.13). This means that

Corpus callosum
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information received in the right hemi-
sphere, for example, can pass across
the corpus callosum and be registered,
virtually instantaneously, in the left
hemisphere.

The hemispheres themselves can
be subdivided into four areas or lobes.
From back to front, these are the oc-
cipital lobe, the parietal lobe, the
temporal lobe, and the frontal lobe,
as shown in FIGURE 3.14. We'll exam-
ine the functions of these lobes in
more detail later; for now, here’s a
quick review. The occipital lobe, lo-
cated at the back of the cerebral cor-
tex, processes visual information. The
parietal lobe, located in front of the
occipital lobe, carries out functions

Frontal lobe Parietal

- lobe
“ny

Occipital

Temporal

%. lobe
- __j.

that include processing information
about touch. The parietal lobe contains the somatosensory cortex, a strip of brain tissue
running from the top of the brain down to the sides (see Figure 3.14). Each part of
the somatosensory cortex maps onto a particular part of the body. If a body area is
more sensitive, a larger part of the somatosensory cortex is devoted to it. For exam-
ple, the part of the somatosensory cortex that corresponds to the lips and tongue is
larger than the area corresponding to the feet. The temporal lobe, located on the
lower side of each hemisphere, is responsible for hearing and language. The primary au-
ditory cortex in the temporal lobe is analogous to the somatosensory cortex in the
® What types of %)arie.zt.al lobe.z and the prirpary Visu'al areas of the occipital
o1 . obe; it receives sensory information from the ears based
thmkmg occur in the on the frequencies of sounds. Secondary areas of the tem-
frontal lobe? poral lobe then process the information into meaningful
units, such as speech and words. The temporal lobe also
houses the visual association areas that interpret the meaning of visual stimuli and
help us recognize common objects in the environment (Martin, 2007).

The frontal lobe, which sits behind the forehead, has specialized areas for movement,
abstract thinking, planning, memory, and judgment. Lying just in front of the somatosen-
sory cortex, at the back of the frontal lobe, is a parallel strip of brain tissue called the motor
cortex (see FIGURE 3.15 on the next page). Like the somatosensory cortex, different parts
of the motor cortex correspond to different body parts. The motor cortex initiates vol-
untary movements and sends messages to the basal ganglia, cerebellum, and spinal
cord. Other areas in the frontal lobe coordinate thought processes that help us manip-
ulate information and retrieve memories, which we can use to plan our behaviors and
interact socially with others. In short, the frontal cortex allows us to do the kind of
thinking, imagining, planning, and anticipating that sets humans apart from most other
species (Stuss & Benson, 1986).

Within each of the cortical lobes are areas specialized for processing particular
types of information. Other areas, called association areas, help provide sense and
meaning to information registered in the cortex. For example, neurons in the primary
visual cortex are highly specialized; some detect features of the environment that
are in a horizontal orientation, others detect movement, and still others process in-
formation about human versus nonhuman forms. The association areas of the oc-
cipital lobe interpret the information extracted by these primary areas—shape,
motion, and so on—to help stitch together the threads of information in the various
parts of the cortex to produce a meaningful understanding of what’s being regis-
tered in the brain. Neurons in the association areas are usually less specialized and
more flexible than neurons in the primary areas. As such, they can be shaped by
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FIGURE3.14 00 e ecccccccee
Cerebral Cortex and Lobes The four

major lobes of the cerebral cortex are
the occipital lobe, the parietal lobe, the
temporal lobe, and the frontal lobe.

cerebral cortex The outermost layer of the
brain, visible to the naked eye and divided
into two hemispheres.

subcortical structures Areas of the fore-
brain housed under the cerebral cortex near
the very center of the brain.

thalamus A subcortical structure that re-
lays and filters information from the senses
and transmits the information to the cerebral
cortex.

hypothalamus A subcortical structure that
regulates body temperature, hunger, thirst,
and sexual behavior.

pituitary gland The “master gland” of the
body’s hormone-producing system, which re-
leases hormones that direct the functions of
many other glands in the body.

hippocampus A structure critical for creat-
ing new memories and integrating them into
a network of knowledge so that they can be
stored indefinitely in other parts of the cere-
bral cortex.

amygdala A part of the subcortical system
that plays a central role in many emotional
processes, particularly the formation of emo-
tional memories.

corpus callosum A thick band of nerve
fibers that connects large areas of the cere-
bral cortex on each side of the brain and
supports communication of information
across the hemispheres.

occipital lobe A region of the cerebral cor-
tex that processes visual information.

parietal lobe A region of the cerebral cor-
tex whose functions include processing infor-
mation about touch.

temporal lobe A region of the cerebral cor-
tex responsible for hearing and language.

frontal lobe A region of the cerebral cortex
that has specialized areas for movement, ab-
stract thinking, planning, memory, and judg-

ment.

association areas Areas of the cerebral cor-
tex that are composed of neurons that help
provide sense and meaning to information
registered in the cortex.
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Somatosensory
cortex

0000000000000 000O0CO0CO F|GURE3.15

Somatosensory and Motor Cortices
The motor cortex, a strip of brain tissue ‘

in the frontal lobe, represents and

controls different skin and body areas

on the contralateral side of the body. . . .. . .
Directly behind the motor cortex, in the learning and experience to do their job more effectively, a quality researchers call

parietal lobe, lies the somatosensory plasticity (i.e., “the ability to be molded”). As an example, if you lose your middle
cortex. Like the motor cortex, the finger in an accident, the part of the somatosensory area that represents that finger
somatosensory cortex represents skin is initially unresponsive (Kaas, 1991). After all, there’s no longer any sensory input
areas of particular parts on the . . . . “ .
B gomg from that location to that part of the brain. Y.ou might expect the “left mlqdle
finger neurons” of the somatosensory cortex to wither away. However, over time,
that area in the somatosensory cortex becomes responsive to
stimulation of the fingers adjacent to the missing finger. The
- = brain is plastic: Functions that were assigned to certain areas
B '\ of the brain may be capable of being reassigned to other
*‘ : q ;‘ areas of the brain to accommodate changing input from the
\ - : . environment. This suggests that sensory inputs “com-
/u pete” for representation in each cortical area.
= ;\h Plasticity doesn’t only occur to compensate for missing
® 88 8888 o The homunculus is a rendering of the " - . digits or limbs, however. An extraordinary amount of
body in which each part is shown in ’W‘Jﬁ.‘ | stimulation of one finger can result in that finger “taking
proportion to how much of the |
somatosensory cortex is devoted to it. over” the representation of the part of the cortex that usu-
ally represents other, adjacent fingers (Merzenich et al.,
1990). For example, concert pianists have highly developed corti-
cal areas for finger control: The continued input
from the fingers commands a larger area of repre-
sentation in the somatosensory cortices in the
brain. Similar findings have been obtained
with quilters (who may have highly devel-
oped areas for the thumb and forefinger,
which are critical to their profession) and
taxi drivers (who have overdeveloped brain
areas in the hippocampus that are used dur-
. ing spatial navigation; Maguire, Woollett, &
o ' Spiers, 20006).
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