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. Today’s neuroscientists can also electrically, chemically, or magnetically stimulate vari-
sus parts of the brain and note the effect. Depending on the stimulated brain part, people
- may—to name a few examples—giggle, hear voices, turn their head, feel themselves fall-
ing, or have an out-of-body experience (Selimbeyoglu & Farvizi, 2010). Scientists can even
shoop on the messages of individual neurons. With tips so small they can detect the electri-
cal pulse in a single neuron, modern microelectrodes can, for example, now detect exactly
where the information goes in a cat’s brain when someone strokes its whisker. Researchers
¢an also eavesdrop on the chatter of billions of neurons and can see color representations of
“the brain’s energy-consuming activity.
. Right now, your mental activity is emitting telltale electrical, metabolic, and magnetic
signals that would enable neuroscientists to observe your brain at work. Electrical activity in
“your brain’s billions of neurons sweeps in regular waves across its surface. An electroen-
cephaiogram (EEG) is an amplified readout of such waves. Researchers record the brain
waves through a shower-cap-like hat that is filled with electrodes covered with a conductive
gel. Studying an BEG of the brain’s activity is like studying a car engine by listening to its
hum. With no direct access to the brain, researchers present a stimulus repeatedly and have
a computer filter out brain activity unrelated to the stimulus. What remains is the electrical
wave evoked by the stimulus (FIGURE 11.1).

Studying the Brain', and Older ;Brai'n
Structures

Module Learning Objectives

Describe several fechnigues for studying the brain’s connections o
behavior and mind.

Describe the components of the brainstem, and summarize the
functions of the brainstem, thalamus, and cerebellum.

Desctribe the limbic system’s structures and functions.

Figure 11.1

An electroencephalogram
providing amplified tracings of
waves of electrical activity in
the Drain Here itis displaying the
brain activity of this 4-year-old who
has epilepsy.

he brain enables the mind—seeing, hearing, smelling, feeling, remembering, thinking,

speaking, dreaming, loving, Moreover, it is the brain that self-reflectively analyzes the

brain. When we're thinking about our brain, we're thinking with our brain—by firing

R LR E L LR R S SLLRELERE R RSN . across millions of synapses and releasing billions of neurotransmitter molecules. Neuro-

“| am a borain, Watson. The rest : scientists tell us that the mind is what the brain does. Brain, behavior, and cognition are an

of ma Is a mere appandix.” ©  integrated whole. But precisely where and how are the mind’s functions tied to theyprain?
-SHERLOCK HOLMES, IN ARTHUR : o L .

Let’s first see how scientists explore such questions.

Conan DoYLE's “THE ADVENTURE OF
THE MAZARIN STONE"
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The Tools of Discovery: Having Our Head Examined

How do neuroscientists study the brain’s connections to behavior
and mind?

~ “You must look into people, as well as at them,” advised Lord Chesterfield in a 1746
letter to his son. Unlike EEGs, newer neuroimaging techniques give us that Superman-like
“ability to see inside the living brain. For example, the CT (computed tomography) scan
; examines the brain by taking X-ray photographs that can reveal brain damage. Even more
dramatic is the PET (positron emission tomography) scan (FIGURE 11.2 on the next
~ page}, which depicts brain activity by showing each brain area’s consumption of its chemical
- fuel, the sugar glucose. Active neurons are glucose hogs, and after-a person receives tem-
- porarily radioactive glucose, the PET scan can track the gamma rays released by this “food
for thought” as the person performs a given task. Rather like weather radar showing rain
activity, PET-scan “hot spots” show which brain areas are most active as the person does

A century ago, scientists had no tools high-powered yet gentle enough to explore the living -
human brain. Early case studies of patients by physicians and others helped localize some of
the brain’s functions. Damage to one side of the brain often caused numbness or paralysis
on the body’s opposite side, suggesting that the body’s right side is wired to the brain’s left
side, and vice versa. Damage to the back of the brain disrupted vision, and to the left-front -
part of the brain produced speech difficulties. Gradually, these early explorers were mapping

the brain. mathematical calculations, looks at images of faces, or daydreams.

e o . Now, within a lifetime, a new generation of neural cartographers is probing and map- . In MRI {magnetic resonance imaging) brain scans, the person’s head is put in a strong
lesion [LEE-zhuhn] tissue ping the known universe’s most amazing organ. Scientists can selectively lesion {destroy) :magnetic field, which aligns the spinning atoms of brain molecules. Then, a radio-wave pulse
destruction. A brain lesion is a - tiny clusters of brain cells, leaving the surrounding tissue unharmed. In the laboratory, momentarily disorients the atoms. When the atoms retum to their normal spin, they emit sig-
naturally or experimentally caused . gyych studies have revealed, for example, that damage to one area of the hypothalamus in-. nals that provide a detailed picture of soft tissues, including the brain. MRI scans have revealed

destruction of brair tissue. a rat’s brain reduces eating, to the point of starvation, whereas damage in another area:

produces overeating.

2 larger-than-average neural area in the left hemisphere of musicians who display perfect
pitch (Schlaug et al., 1995). They have also revealed enlarged ventricles—fluid-filled brain areas
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electroencephalogram (EEG)

an amplified recording of the waves
of electrical activity sweeping
across the brain’s surface. These
waves are measured by electrodes
placed on the scalp.

CT (computed tomography)
scan a series of X-ray photographs
taken from different angles and. -
combined by computer into a, .
composite representation of a slice
of the brain's structure. (Also called:
CAT seai.) T

PET (positron emission _
tomography) scan avisual
display of brain activity that detects
where a radioactive form of glucose
goes while the brain performs a
given task.

MRI (magnetic resonance
imaging)} a technique that uses
magnetic fields and radio waves
to produce computer-generated
images of soft tissue. MRI scans
show brain anatomy.
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Figure 11.2

Figure 11.4

The PET scan Toobtaina PET Thalamus T brainstom and
scan, researchers inject volunteers thaiamussi'h baa“ll t
with a low and harmiess dose of . . e brainsterm, .
a short-lived radicactive sugar. including the pons and medulla, is
Detectors around the person’s an extension of the spinal cord. The
head pick up the release of gamma thalamus Is attached to the top of the
rays from the sugar, which has brainstem. The reticular formation
concentrated in act}ve brain areas. Reticular passes through both structures.
A computar then processes and formation
franslates these signals into a map
of the brain at work. Pons
Brainstem
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Figure 11.3

MBI scan of a healthy
individual {left) and a person
with schizophrenia {right) Note
the enlarged ventricle, the fluid-filled
brain region at the tip of the arrow in
the image on the right.

fMRI (functional MRI) a
technique for revealing bloodflow
and, therefore, brain activity by
comparing successive MRI scans.
fMRI scans show brain function as
well as its structure.

Your author, David Myers, is about
to take you on a journey through
your brain. Focus on the name of
aach part, its location within the
brain, and what it does. Then it's
time to practice, practice, practice.

(marked by the red arrows in FIGURE 11.3)—in some patients who hav
schizophrenia, a disabling psychological disorder.

A special application of MRI—MRI (functional MRI}—can reveal the:
brain’s functioning as well as its structure. Where the brain is especially active,
blood goes, By comparing MRI scans taken less than a second apart, research '
ers can watch as specific brain areas activate, showing increased oxygen-laden:
bloodflow. As the person looks at a scene, for example, the fMRI machine
detects blood rushing to the back of the brain, which processes visual informa-:
tion (see Figure 12.5, in the discussion of cortex functions in Module 12).

Such snapshots of the brain’s changing activity are providing new:
insights—albeit sometimes overstated (Vul et al., 2009g,b)—into how the
brain divides ifs labor. A mountain of recent fMRI studies suggests which
brain areas are most active when people feel pain or rejection, listen to angry voices, think
about scary things, feel happy, or become sexually excited. The technology enables a very
crude sort of mind reading. After scanning 129 people’s brains as they did eight different
mental tasks (such as reading, gambling, or thyming), neuroscientists were abl¢, with 80

This increasing complexity arises from new brain systems built on top of the old, much
as the Farth’s landscape covers the old with the new. Digging down, one discovers the fossil
‘remnants of the past—brainstem components performing for us much as they did for our
*distant ancestors. Let’s start with the brain’s basement and work up to the newer systems.

“The Brainstem

The brain’s oldest and innermost region is the brainstem. It begins where the spinal
cord swells slightly after entering the skull. This slight swelling is the medulla (FIGURE
1.4). Here lie the controls for your heartbeat and breathing. As some brain-damaged
patients in a vegetative state illustrate, we need no higher brain or conscious mind to
orchestrate our heart’s pumping and lungs’ breathing. The brainstem

brainstem the oldest part and
central core of the brain, beginning
where the spinal cord swells as it
enters the skull; the brainstem is
responsible for automatic survival
functions.

medulla [muh-DUL-uh] the base
of the brainstem; controls heartbeat
and breathing,.

thalamus [THAL-uh-muss]

the brain’s sensory control center,
located on top of the brainstemy;

it directs messages to the sensory
receiving areas in the cortex and
transmits replies to the cerebellum
and medulla.

handles those tasks.
Just above the medulla sits the pons, which helps coordinate move-
ments. If a cat’s brainstem is severed from the rest of the brain above it, the
animal will still breathe and live—and even run, climb, and groom (Klermnm,
1990). But cut off from the brain’s higher regions, it won't purposefully run
or climb to get food.

The brainstem is a crossover point, where most nerves to and
from each side of the brain connect with the body’s opposite side
(FIGURE 11.5). This peculiar cross-wiring is but one of the brain’s
many surprises.

percent accuracy, to predict which of these mental activities people were doing (Poldrack et
al,, 2009). Other studies have explored brain activity associated with religious experience,.
though without settling the question of whether the brain is producing or perceiving God
(Fingelkurts & Fingelkurts, 2009; Inzlicht et al., 2009; Kapogiannis et al., 2009).

¥ %k %

Today’s techniques for peering into the thinking, feeling brain are doing for psychology.
what the microscope did for biology and the telescope did for astronomy. From them we
have leamed more about the brain in the last 30 years than in the previous 30,000. To be
learning about the neurosciences now is like studying world geography while Magellan was
exploring the seas. This truly is the golden age of brain science.

The Thalamus

Sitting atop the brainstem is the thalamus, a pair of egg-shaped struc-
fures that act as the brain’s sensory control center (Figure 11.4). The thala-
mus receives information from all the senses except smell and routes it {o
the higher brain regions that deal with seeing, hearing, tasting, and touching.
The thalamus also receives some of the higher brain’s replies, which it then
directs to the medulla and to the cerebellum (see the next page). Think of the
thalamus as being to sensory information what London is to England’s trains:
a hub through which traffic passes en route to various destinations.

QOlder Brain Structures

What structures make up the brainstem, and what are the functions
of the brainstem, thalamus, and cerebellum?

An animal’s capacities come from its brain structures. In primitive animals, such as sharks,
a not-so-complex brain primarily regulates basic survival functions: breathing, resting, and
feeding, In lower mammals, such as rodents, a more complex brain enables emotion and
greater memory. In advanced mammals, such as humans, a brain that processes more infor:
mation enables increased foresight as well.

Figure 11.5

The body’s
wiring Nerves
from the left side of
the brain are mostly
linked to the right
side of the body, and
vice versa.
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The Reticular Formation

reticular formation a nerve Inside the brainstern, between your ears, lies the reticular (“netlike”) formation, a:
network that travels through the neuron network that extends from the spinal cord right up through the thalamus. As:
brainstem and thalamus and plays the spinal cord’s sensory input flows up to the thalamus, some of it travels through the.
an important role in contoliing reticular formation, which filters incoming stimuli and relays important information to-
axousal. other brain areas. '
In 1949, Giuseppe Moruzzi and Horace Magoun discovered that electrically stimulating.

the reticular formation of a sleeping cat almost instantly produced an awake, alert animal.’

When Magoun severed a cat’s reticular formation without damaging the nearby sensory

pathways, the effect was equally dramatic: The cat lapsed into a coma from which it never

Figure 11.7 " amygdala fuh-MIG-duhla] two

The limbic system This neural system sits lima-bean-sized neural clusters in
between the brain's older parts and its cersbral " the limbic system; lirked to emotion
hemispheres. The limbic system's hypothelamus : ' .
controls the nearby pituitary gland. - hypothalamus [hi-po-THAL-uh-
muss] a neural structure lying below
(hypo) the thalamus; it directs several
maintenance activities (eating,
drinking, body temperature), helps
© govern the endocrine system via
Hypothalamus - 5 | the pituitary gland, and is linked to

: © emoticn and reward.

awakened, The conclusion? The reticular formation enables arousal. Pituitary gland ._

Amygdala Hippocampus
Tha Cerebellum '
Extending from the rear of the brainstem is the baseball-sized THE AMYGDALA

cerebellum, meaning “little brain,” which is what its two wrin-

Research has linked the amygdala, two lima-bean-sized neural clusters, t .
Kled halves resemble (FIGURE 11.6). As you e to dug eonon o

. In 1939, psychelogist Heinrich Klitver and neurosurgeon Paul Bucy surgically removed Agaression as a brain

will see in Module 32, the (;erebellum en- thesus monkey’s amygdala, turning the normally ill-tempered animal into the most mel- state Back arched and fur
ables nonverb.al lean?mg and memory. It w of creatures. In studies with other wild animals, including the lynx, wolverine, and wild fluffed, this fierce cat is ready
also helps us judge time, modulate our rat, researchers noted the same effect. o attack. Hlectrical stimulation

of a cat’'s amygdala provokes
angry reactions, suggesting the
amygdala’s role in aggression.
Which ANS diivision is activated
by such stimulation?

emotions, and discriminate sounds
and textures (Bower & PFarsons, iy
2003). And it coordinates volun- '
tary movement {with assistance from
the pons). When a soccer player executes a perfect bicycle kick (above), give
his cerebellum some credit. If you injured your cerebellum, you would have dif-
ficuity walking, keeping your balance, or shaking hands. Your movernents would

What then might happen if we electrically stimulated the amygdala of
ormally placid domestic animal, such as a cat? Do so in one spot
the cat prepares to attack, hissing with its back arched, its pupils
dilated, its hair on end. Move the electrode only slightly within the
._gi_nygdala, cage the cat with a small mouse, and now it cowers in
‘terror.
" These and other experiments have confirmed the amygdala’s

Cerebellum

'"WslsAs snoalau
onelieduwAs sy elA
pesNoJe 84 pInom
180 9 | HAMENY

Spinal cord

Figure 11.8 be jerky and exaggerated. Gone would be any dreams of being a dancer or guitarist. tole in rage and fear, including the perception of these emotions and

Thf;?rﬂﬂ’s ‘Grg??hofb o h Under alcohol’s influence on the cerebellum, coordination suffers, as many a driver has the processing of emotional memories (Anderson & Phelps, 2000;

agility Hanging at the back of the . . . : ) , 7

brain, the cerebelium coordinates our Jearned after being pulled over and given a roadside test. oremba & Gabriel, 2001}, But we must be careful. The brain is not
LR

voluntary movements. eatly organized into structures that correspond to our behavior cat-

ories. When we feel or act in aggressive or fearful ways, there is neu-
al activity in many levels of our brain. Even within the limbic system,
stimulating structures other than the amygdala can evole aggression or fear. If
you charge your cell phone’s dead battery, you can activate the phone and make
call. Yet the battery is merely one link in an integrated systemn.

Note: These older brain functions all occur without any conscious effort. This illustrates an
other of our recurring themes: Our brain processes most information outside of our awareness
We are aware of the results of our brain’s labor (say, our current visual experience) but no
of how we construct the visual image. Likewise, whether we are asleep ot awake, our brain
stern manages its life-sustaining functions, freeing our newer brain regions to think, taik;

Jane Burton/Darling Kindersley/Getty Images

drearm, or savor a memory. HYROTHALAMUS

us‘F below (iypo) the thalamus is the hypothalamus (FIGURE 11.8 on the next page), an
portant link in the command chain governing bodily maintenance. Some neural clusters

cerebellum [sehr-uh-BELL-
um] the”little brain” at the
rear of the brainstem; functions

The Limbic System

include processing seasory input, What are the limbic system’s structures and functions? D Lhe .hypothalamus influence hunger; others regulate thirst, body temperature, and sexual

onting movemant octpt and ehavior. Together, they help maintain a steady internal state. i h

balance, and enabling nonverbal  We've considered the brain’s oldest parts, but we've not yet reached its newest and highest As the hypothalamus monitors the state of your body, it tunes into your blood chem- abyc?lfti\ﬁirn ngtgoo:?:: EF%}@ueSS
learning and mermory. regions, the cerebral hemispheres (tae two nalves of the brain), Between the oldest and newest by anq any incoming orders from other brain parts. For example, picking up signals from exam, the hypothalamus isn't &
limbic system neural system brain areas lies the limbic system (limbus means “border”}. This system contains the amyg Our brain's cerebral cortex that you are thinking about sex, your hypothalamus will secrete Ead bet. Bven though its small,
{including the kippocanpus, dala, the hypothalamus, and the hippocaimpus (FIGURE 11.7). The hippocampus processes ormones. These hormones will in turn trigger the adjacent “master gland,” your pituitary e many funotions

amygdala, and hypothalanius) conscious memories, Animals or humans who lose their hippocampus to surgery or inju_r'jf?' see Figure 11.7), to influence your sex glands to release their hormones. These will intensify

located below the cerebral
hemispheres; associated with
emotions and drives.

ne thoughts of sex in your cerebral cortex. (Once again, we see the interplay between the

also Tose their ability to form new memories of facts and events. Module 31 explains how oul :
lervous and endocrine systems: The brain influences the endocrine system, which in turn

two-track mind processes our memories. For now, let’s look at the limbic system’s links t0)
emotions such as fear and anger, and to basic motives such as those for food and sex.
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Figure 11.8

The hypothalamus This small but
important structure, colored yeilow/
crange in this MRI scan photograph,
helps keep the body’s internal
environment in a steady state.

“If you wers designing a robot
vehicle to walk into the future
and survive, . . . you'd wire it up
so that behavior that ensured
the survival of the self or the
specles—Iike sex and eating—
would be naturally reinforcing.”
-Canpace PerT {1986)

A remarkable discovery about the hypothalamus illustrates how progress in science

often occurs—when curious, open-minded investigators make an unexpected observation.
Two young McGill University neuropsychologists, James Olds and Peter Milner (1954), were

trying to implant an electrode in a rat’s reticular formation when thev made a maenificent .
ving p y g

mistake: They placed the electrode incorrectly (Olds, 1975). Curiously, as if seeking more
stimulation, the rat kept retuming to the location where it had been stimulated by this
misplaced electrode. On discovering that they had actually placed the device in a region of

the hypothalamus, Olds and Milner realized they had stumbled upon a brain center that -

provides pleasurable rewards {Olds, 1975).

In a meticulous series of experiments, Olds (1958) went on to locate other “pleasure cen-
ters,” as he called them. (What the rats actually experience only they know, and they aren't
telling. Rather than attribute human feelings to rats, today’s scientists refer to reward centers,
not “pleasure centers.”y When allowed to press pedals to trigger their own stimulation in
these areas, rats would sometimes do so at a feverish pace~—up to 7000 times per hour—until

they dropped from exhaustion. Moreover, to get this stimulation, they would even cross an *

electrified floor that a starving rat would not cross to reach food (FIGURE 11.9).
Other limbic system reward centers, such as the nucleus accumbens in front of the hy-
pothalamus, were later discovered in many other species, including dolphins and monkeys.

In fact, animal research has revealed both a general dopamine-related reward system and

specific centers associated with the pleasures of eating, drinking, and sex. Animals, it seems,
come equipped with built-in systems that reward activities essential to survival.
Contemporary researchers are experimenting with new ways of using limbic stimula-
tion to control animals’actions in future applications, such as search-and-rescue operations,
By rewarding rats for turning left or right, one research team trained previously caged rats to
navigate natural environments (lalwar et al,, 2002; FIGURE 11.10). By pressing buttons on
a laptop, the researchers were then able to direct the rat—which carried a receiver, power

source, and video camera on a backpack—to turn on cue, climb trees, scurry along branches,

and turn around and come back down.

Do humans have limbic centers for pleasure? Indeed we do. To calm violent patients,
one neurosurgeon implanted electrodes in such areas. Stimulated patients reported mild
pleasure; unlike Olds’rats, however, they were not driven to a frenzy (Deutsch, 1973; Hoop-
er & Teresi, 1986). %

Experiments have also revealed the effects of a dopamine-related reward system in peo-
ple. One research team had people rate the desirability of different vacation destinations. Then,
after receiving either a dopamine-increasing drug or a sugar pill, they imagined themselves
vacationing at half the locations. A day later, when presented with pairs of vacation spots they

Stimulation
pedal

Electrified grid

Figure 11.9

Rat with an implanied electrode With
an electrode implanted in a reward center

of its hypothalamus, the rat readity crosses
an electrified grid, accepting the painful
shocks, to press a pedal that sends electrical

Figure 11.10

Ratboton a pleasure cruise When
stimulated by remote control, a rat could
be guided to navigate across a field and

gven up a tree.

impulses to that center.
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Corpus callosum:
axon fibers connecting the
two cerebral hemispheres

Right hemisphere Thalamus:

relays messages hetween
lower brain centers
and cerehral cortex

Left hemisphere

Cerebral cortex:: _
- ultimate control and -
- information-processi
“center

pathway for neural fibers
traveling to and from brain;
controls simple reflexes

Cerebellum:

coordinates voluntary
movement and balance
and supports learning

Brainstem I
and memories of such

Cerebral cortex ¢ Limbic system

imagined experiences with dopamine-induced pleasant feelings.

' provides that missing pleasure or relieves negative feelings (Blum et al., 1996).

% % %
. next topic.

Before You Move On

B ASK YOURSELF

if one day researchars discover how to stimulate human limbic cantars to procuce as strong
a reaction as found in other animals, do you think this procass could be used to reduce the
incidence of substance use? Could such use have any negative consequences?

B TEST YOURSELF

Within what brain region would darmage e most likely to disrupt your abifity to skip rope?
Your ability to sense tastes or socunds? In what brain region would damage perhaps ieave
you in a coma? Without the very breath and heartbeat of fife?

Answers to the Test Yourself questions can be found in Appendix E at the end of the book.

- had initially rated equally, only the dopamine takers preferred the places they had imagined
“under dopamine’s influence {Sharot et al,, 2009). The participants, it seems, associated the

Some researchers believe that addictive disorders, such as substance use disorders and
- binge eating, may stem from malfunctions in natural brain systems for pleasure and well-
“being. People genetically predisposed to this reward deficiency syndrome may crave whatever

| FIGURE 11.11 locates the brain areas we've discussed, as well as the cerebral cortex, our

H

Figure 11.11

Review: Brain structures and
their funclions




