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Physi ol ogi cal Processes

VWHAT' S THE ANSVER?

"I went to see a lady out on old State Hi ghway 711. It was
all a bigritual. The roomwas sort of dark. The only |ight
was provided by candles. She told ne she had di scovered a
technique for telling what people were good at by feeling the
bunps on their head. She said bulges projecting fromthe brain
i ndi cat ed what people were best at. She said |I'd be a good
dancer and that 1'd be able to inpress the girls because of ny
natural abilities.” Is the woman correct? Do bumps on the head
indicate a person®s abilities?

Maybe sonetinme you' ve overheard a conversation like this
one: Aunt Gerda says to Uncle Bert, "Well, I'"'mglad she finally
had that baby. The child | ooks beautiful! Her head is a little
big, but that runs in his famly. They're all smart, you know.
Any's a doctor, Jerry's a vet, and Sheila's a pharmacist. Al
of themin nedicine.”

Says Bert, "Yup!"
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"But you'd expect that. They've all got |arge heads, and
it takes that to hold all the brains you need to do such things.
Bi g head neans a smart person. You can count on it."

Says Bert, "Yup!" Are they right? Is head size or brain
size related to intelligence?

"I met a man on the street the other day who had a snal
gadget about the size of a pack of king-size cigarettes in his
pocket. We were both waiting for the bus. | asked himwhat it
was. He said it was attached to a sensor under his shirt, and
it monitored his blood pressure. He said he had already had two
heart attacks. H's doctor gave himthe device. Every tinme his
bl ood pressure gets above a certain level, the machine starts
buzzing. Hs job is to get it to turn off again by lowering his
bl ood pressure.” Was the man telling the truth? Is it possible
to monitor and control "involuntary”™ responses like blood
pressure?

The di scussi on begi ns nost
appropriately with an anal ysis
of the general features of the
nervous systemitself.

Al cells in the nervous
system share two attri butes:
irritability and conductivity.
The neuron is the basic cell of
t he nervous system After a
neuron fires it enters an
absol ute refractory period
during which it cannot be fired again. This is followed by a
relative refractory period during which the neuron needs
stronger stinulation than usual in order to fire. Neurons fire

according to an all-or-none principle. If the stinmulation is
severe, they fire nore rapidly. The firing of a neuron greatly
changes the electrical potential within the cell. However, to

stinmul ate another neuron a chem cal called a neurotransmtter
must be rel eased and cross the synapse separating one cell from
anot her. Thus, the entire process of neuron-to-neuron
conduction is a conpl ex el ectrochem cal reaction.

A nerve is conposed of many neurons, and the nervous system
is a conplex communi cations network of neurons, activated by
receptors. Afferent neurons carry nessages toward higher |evels
in the central nervous system [Internuncial (associative)
neurons carry information within the systemat any given |evel.
Ef ferent neurons conduct nessages fromthe central nervous
systemtoward the effectors, which are nuscles or gl ands.

The nervous system can be divided into the central nervous
system (brain and spinal cord) and the peripheral nervous
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system The peripheral nervous systemis conposed of the
somati ¢ nervous system (controls voluntary nuscles) and the

aut onom ¢ nervous system Ogans and gl ands are controlled by
both the synpathetic and parasynpat hetic nervous systens, which
are subdi visions of the autonom c nervous system The

synpat heti ¢ nervous system expends body resources and gets the
organismready to fight or flee. The parasynpathetic nervous
system stores body resources in preparation for actions to cone.

The spinal cord controls the sinplest reflexes, but serves
mai nly as a nessage carrier between the peripheral nervous
system and the brain. The brain is conposed of three parts:
hi ndbrain, m dbrain, and forebrain. Responses controlled at
each higher level in the central nervous system becone nore and
nore conplex, less fully automatic, and involve | arger anmounts
of coordinated, voluntary nuscle activity. The forebrain
I ncludes the thalanus, the linbic system and the cortex. Most
conpl ex sensory-notor reactions are controlled by the cortex,
which is also the seat of thought, nenory, and | anguage. The
cortex is split into two hem spheres, with each hem sphere
controlling responses on the opposite side of the body. The
hal ves can work together on conplex activities because
connections are nmade through the corpus call osum and through
ot her | ower-1evel connections.

In addition to the nervous system a system of gl ands
I nfl uences how we behave. Eight endocrine (ductless) gl ands
produce hornones which influence other glands and organs of the
body. The nervous system gl ands, and nuscles control human and
ani mal responses.

Long- st andi ng i deas about voluntary and involuntary human
behavi ors and natural changes in behavior are beginning to be
nodi fied. W can alter our conscious awareness in at |east four
nat ural ways.

St udi es of sleep have attenpted to match EEG activity in
the brain wth changes in behavior. By recording electrical
brain waves, four stages of sleep have been defined, as well as
a fifth stage called paradoxical (REM sleep. During REM sleep
there is evidence of increased dreaming. The brain is quite
active during sleep, but the precise role of dreans during sl eep
Is still being studied.

Bi of eedback invol ves the use of electronic instrunents to
informthe participant about the activity of one or nore of his
or her bodily processes -- everything fromurine production to
brain waves. Meditation is the voluntary production of al pha
brain waves by neans of concentrated attention. Hypnosis is a
nore controversial, |ess understood way to alter the nornal
state of consciousness. Artificial changes in behavior in
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nor mal nervous systemfunctions are al so created through the use
of drugs: depressants, stimulants, or hallucinogens.

The Nervous System

As you start reading, tell yourself not to blink your eyes.
See how far you can read before you have to blink. Pay
attention, because if you stop thinking about not blinking,
you'l | probably blink automatically. You will see later the
point we are making with this denonstration.

Al'l of the physiol ogical processes within our bodies are
coordi nated by our nervous system-- it organi zes and
coordinates all we think and do. W exhibit a huge variety of
responses ranging fromour enotions to hunger, nenories of
events long past, and the "instant” ability to w thdraw our
hand after touching a hot plate by mstake. Utimtely all our
responses nust be explained in terns of our neurons, our nerves,
the organi zation of our nervous system our spinal cord, and our
brain. Qur brain is conposed of the hindbrain and m dbrain and
the forebrain. Each of these is one part of that conplex whole
cal |l ed our nervous system

You haven't blinked yet, have you?

As we study the systens that control our behavior, we
exam ne the neurons, the basic cells of the nervous system W
| ook at groups of neurons called nerves -- how they are
organi zed and how they are studied. W examne briefly the
structure of the brain itself, to determne howit directs the
activities of the body. W also consider the glands which
i ntroduce various hornones into our blood stream and we study
sl eep, one of the nost fascinating activities of the nervous
system We also |ook at practical applications of your
know edge. How can we use our nervous systemto influence our
behavi or -- both natural changes in behavior and artificial
changes in behavior? This will |ead us into a discussion of
bi of eedback, neditation, and hypnosis, as well as the use of
drugs.

How are your eyes comng along? By this tinme it is
probably beginning to take a great deal of active concentration
on your part to keep fromblinking. You are overriding a
process that your nervous systemnornally takes care of, but
It's getting harder and harder to do so. Keep at it, if you
can.

The sinplest part of the nervous systemis the individual
cell called the neuron, the major parts of which are illustrated
in the figure. Neurons vary greatly in size. The small est
neurons, probably |ocated in the brain, are less than a
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mllinmeter in size. The |largest neurons in the system
connecting the brain with the lower |egs, may be nore than a
meter in | ength.

However, all neurons have
two features in common. First,
the nbst basic characteristic

isirritability. In response
to the proper "stimulation,"
all neurons will fire. Firing

is a process by which ions such
as sodi um (Na+), potassium
(K+), and cal cium (Ca++) --
normal |y kept out of the neuron -- are allowed inside the cel
boundaries. Likewise, ions normally kept within the cell are
allowed to escape. The result is that the normal electrical
charge (called a resting potential) of the neuron is greatly
changed for a nmonment. |In response to proper stinulation any
neuron wll fire.

The other feature that all neurons have in common is
conductivity. That is, once a neuron fires, that conplex change
sweeps rapidly fromthe point of stinulation to the farthest
ends of the neuron. |In a typical case, the neuron is stinulated
and fires at one end. The firing inpulse (called an action
potential) is conducted in one direction only, fromthat end to
the far end. These two processes, irritability and
conductivity, are the basic life processes that all neurons
share.

Havi ng exam ned the nervous system we learn that its nost
basic unit is the neuron, nunbers of which cluster to form
nerves. The nerves, in turn are organi zed into the nervous
system the director of which is the brain which itself is
i nfluenced by and influences the glands. W are capabl e of
creating a wde variety of natural changes in behavior through
our nervous system though drugs can be used al so to produce
artificial changes in our behavior.

Have you blinked yet? Well, if not, be our guest and blink
now. But renenber what you've just been through. W talk about
it again in a "Think about it" section.

Neur ons

The neurons are the nost basic conponents of our nervous
system and, in turn, the neurons are organi zed into nerves.
The firing process in the neuron conpletely exhausts the
neuron’s resources. Before it can fire again, the neuron nust
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at least partially restore the resting potential. The job of
the sodiumpunp is to assure that certain ions nmust be outside,
ot hers inside, which causes a
slight electrical charge to be
reest abl i shed between the
outside and the inside. The
period during which the cel
cannot fire again, regardl ess
of how strongly it is
stimulated, is called the
absol ute refractory period.

This period is |like the exhaustion felt by a | ong-di stance
runner just after conpleting a four-mnute mle. He or she
could sinply be too drained of reserves to attenpt another race
i medi ately afterwards. However, w thout a great deal of rest,
the runner could again run a mle -- certainly not in four
m nutes, but he or she could run that distance again. However,
with rest, that same runner could run another mle in close to
four m nutes.

After the absolute refractory period, the recently fired
neuron enters a |longer phase called the relative refractory
period. During that period the cell will fire again if
stinmulated, but it takes nore than the usual |evel of
stinmulation to fire it. Finally, when the cell has fully
recovered, it will fire again when given the same |evel of
stinmulation as it received originally. There is one big
di fference between the neuron and the | ong-di stance runner. The
runner takes many hours to recover, but the recently fired
neuron recovers fully after only a few thousandths of a second.
The tim ng sequence of a neuron firing is denonstrated in the
Fi gure.

A neuron, when stinulated, either fires or does not fire.
As long as the negative electrical charge stays bel ow the
neuron’s threshold, the cell does not fire. That is, it fires
according to the all-or-none principle -- conpletely, or not at
all. Because of that, the only neans by which a single neuron
can signal severe stinulation is by firing nore often. Think
about flushing a toilet -- a thought that may bow you over.
When you flush a toilet it doesn’'t matter whether you "power"”
flush the handle with nmuch force or barely depress it enough to
start the flush -- either way, the toilet sinply flushes.

Mor eover, while flushing, there’s nothing you can do to nmake it
flush nore, or start again, or flush nore violently. So it is
with a neuron firing.
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The junction through which
i mpul ses pass between any two
neurons is called a synapse.
When a neuron fires, the
i mpul se usually starts in the
dendrites of the cell. It
passes fromthere through the
cell body and then out along a
singl e extension present in
each neuron called the axon.
When the inpul se arrives at
the end of the axon, it releases a chemcal, called a
neurotransmtter, which floods into the synapse. That chem cal
crosses the synapse and reaches the dendrite of the next neuron.
The effect of that chemical on the next cell depends on which
chem cal has been rel eased. Acetylcholine would stinulate the
next cell. Any of a nunber of other chemi cals would inhibit the
next cell, making it harder for other neurons to fire it. Any
one neuron enmts only one kind of chemical fromits axon into
the synapse. Neurons form many synaptic connections to adjacent
neurons, as seen in the Figure.

Transmtting a nessage across the synaptic gap is the
sl owest part of the entire conduction process. Drugs may
i nfluence the nervous system at the synapse -- hel ping or
hindering it. Signals in the nervous systemare el ectrical
wi thin the neuron and chem cal between neurons. Thus, a signal
transmtted between neurons along a nerve is described as an
el ectrochem cal nessage.
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The nerves are organized into our nervous systemthe
director of which is the brain supplenented by influences of our
gl ands. The nervous system can cause a vari ety of behavi oral
changes such as falling to sleep which represents one of several
nat ural changes in behavior of which we are capable. Drugs can
be used to hinder or facilitate nervous systemactivity |eading
to artificial changes in our behavior.

Ner ves

Wthin our nervous system tracts of clustered neurons
form nerves, yet individual neurons still fire on an all-or-none
basis. However, each neuron has a different threshold, or |evel
of stimulation above which it will fire. Thus, when the
i mpul ses in one nerve are conbi ned, nmuch nore informtion about
the stinmulus is passed on than in the firing or nonfiring of a
single neuron. More severe stinulation neans nbre neurons
within the nerve are firing and each one nore frequently. The
nore severe the stimulation, the greater the total activity
within a specific nerve. Thus, the nervous system can refl ect
intensity of stimulation through the firing rate of individual
neurons, as well as through the nunber of neurons firing.

Three different procedures are used to study nerves. These
are based on the electrical and chem cal nature of nervous
activity or on the fact that nerves can't repair thenselves.

One way of studying the nervous systemis to stinulate neurons

or nerves electrically and to observe what happens. In the past
third of a century scientists have greatly inproved their
ability to stinulate the nervous system |In fact, they can now

reach neurons buried deep within the brain. This is done by
operating on an aninmal (or human), inserting an electrode into
the brain, and applying a very, very slight electrical charge
(nmeasured in mllivolts, or thousandths of a volt) through the
el ectrode. Stinulating certain areas of the brain in this way
can cause an aninmal to overeat to the point of death, or to stop
eating conpletely and thus starve. One of the classic
denonstrations of electrical stinulation of the nervous system
was conducted by Jose Del gado, as shown in the illustration. W
di scuss the organi zation of the nervous systemfor controlling
vari ous behaviors nore fully el sewhere in this chapter

A second way of stinulating the nervous systemis through
chem cal inplants called chentrodes. Both el ectrodes and
chenmtrodes are of simlar size. Both are anchored to the anim
skull so they won't nove around after being inplanted. However,
whereas the electrode is solid, the chentrode is a holl ow tube
which permts very small anounts of a chemcal to be delivered
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to a precise point in the brain. Chemcal factors in the bl ood
determ ne many things, including how hungry and how thirsty we
feel. The precise role of chemicals in the nervous system and
body chemi stry has been investigated using processes of chem cal
stinmul ation.

Bot h techni ques of stimnulation involve very little, if any,
damage to the nervous system as a whole. Except for the direct
result of the extra stinulation, the normal behavior of the
human or animal isn't changed.

A third, nore severe nethod of studying our nervous system
I nvol ves a process called lesioning. This nmeans that a portion
of the nervous systemis cut or sonehow destroyed. For obvious
reasons such research is not usually conducted on humans, but we
can study humans who have sonehow danaged their brains. Wr
injuries, as well as accidents, have produced a | arge nunber of
humans wi th vari ous portions of their nervous systemor brain
destroyed. One fanmpbus accident is described in Feature 4. 1.

Feature 4.1
PH NEAS GAGE

Phi neas Gage, a railroad worker in Ireland during the
m ddl e of the 19th century, was a man who nade nedi cal history.

Phi neas had a job tanping sand around dynamte in drill
hol es at a construction site. Wen Phineas was tanping in a
charge one norning the dynamte blew up. The tanping iron was
forced upward toward Phi neas, who was | eaning over the hole at
the time. The iron entered Phineas' head at about the center of
his | eft cheek just above his left nolar teeth. It forced
itself up through his head and brain, and it exited fromhis
skul | about hal fway between his right ear and the center top of
hi s head.

And how was nedi cal history related to that event? Well
in at |least two ways. First, Phineas survived. Second, once he
recovered, the easygoing, reliable Phineas becane the
unpredi ctable, immture, hard swearing party-goer of the Irish
railroad. The tanping iron had destroyed a significant part of
the frontal |obe of Phineas' brain, the inportance of which is
di scussed in the brain section of this chapter. H's nornmal
l'iving skills—breathing, talking, thinking, eating, and novi ng
about —had not been altered at all. However, it did have
substantial effects on his basic personality. Al though he did
it in an unusual manner, that norning Phineas sinply | esioned
part of his brain.
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Injuries during Wrld War Il al so yiel ded know edge about
the brain. A nunber of soldiers returned with a variety of
| anguage difficulties—+n understanding or in speaking. It was
di scovered that nost of these soldiers had head injuries. Using
X-rays, it was possible to identify two areas of the brain that
wer e al ways involved when brain injuries caused | anguage
probl ens.

So Phineas Gage was a prophet—3200 years ahead of his tine.

Tragi ¢ as such accidents are, they do at | east provide
opportunity to study the behavior of those people who have |ived
through them This hel ps psychol ogi sts determ ne what portions
of the brain and nervous system control normal responses. In
this way, the areas of the brain that control speech, vision
and a variety of other skills have been identifi ed.

These three techniques -- stinulation, either electrical or
chemical, and lesioning -- all involve actively altering the
nervous systemin sone manner. Another nethod of study, based
on the electrical nature of neuronal activity, requires no such
alterations. Using a machine called an el ectroencephal ograph
(or nmore sinply, an EEG it is possible to neasure the nornal
electrical activity of the nervous system Electrical inpulses
occur in regular patterns, which change according to the state
of the organism For exanple, a sleeping human shows a very
different pattern of nervous systemactivity fromthat of the
al ert, w de-awake organism Various EEG patterns are di scussed
nore fully el sewhere in this chapter

These cycles of electrical activity are frequently called
"brain waves." In reality they are sinply the recording of the
changes in electrical activity in the nervous systemas the
organismperforms different acts. Neurons form ng nerves
organi zed into the nervous systemare directed by the brain,

t hough i nfluenced by our glands. That systemis ultimtely
capabl e of producing a variety of natural changes in behavior
and indirectly a nunber of artificial changes in behavior.

Organi zation in the nervous system

The nervous systemis a conpl ex comuni cati ons network
controlling the body's internal environnent as well as its
responses to the world around it. How does this nost inportant
system work? The nervous systemis controlled by the brain
whi ch, in cooperation with our glands, inpacts a variety of
changes in behavior of which we are capable. These changes
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i ncl ude sl eep, and variety of other natural changes and
artificial changes noderated by the nervous system

The processes of our nervous systemare set in notion by
stimuli fromthe receptors. Receptors are a variety of
cells-ranging fromcells in the eye for vision to cells in the
foot for touch and pain. They react to certain aspects of the
physi cal environnent. For exanple, when a nosquito bites you,
it is a receptor that detects the bite. (Receptors are
di scussed in detail in the Sensation and Perception chapter.)

Control of the body is
achi eved through the effectors,
nmuscl es or glands to which the
nervous system connects. The
gl ands secrete hornones that
i nfluence the body's internal
environment. Muscles usually
respond by action. In our
exanple, it would be the
effectors that slap the
nosqui t o.

How are nmessages carried
fromreceptors to effectors?
Basically, three types of
neurons are involved: (1) There
are afferent cells, which conduct nerve inpulses fromthe
receptors toward the brain or spinal cord. These are the points
in the body where a decision (voluntary or involuntary) is made
as to what the response should be. (2) There are the
internuncial, or associative, neurons, which are responsible for
many things, including what we commonly call thought. These
carry information within the system Finally, (3) there are the
efferent cells, which conduct nerve inpul ses away fromthe
decision points to the effectors. Thus, the nervous system --
conposed of afferent, associative, and efferent neurons -- is a
net wor k of neurons connecting the receptors with the effectors.

If we classify the nervous systemon the basis of the
| ocation of its parts, the division is quite easy as seen in the
drawi ng. The central nervous systemincludes the brain and
spinal cord -- the portion of the nervous system encased in the
backbone. The brain and -- to a | esser extent -- the spinal
cord are the decision-makers. The peripheral nervous systemis
everything else. This includes all afferent nerves bringing
nmessages in to the spinal cord fromthe receptors as well as the
efferent nerves |l eaving the spinal cord for various organs or
nmuscl e groups. The peripheral nervous systemis a relay system

PSYCHOLOGY: Exploring Behavior



Physiological Processes - Chapter 5 158

The peripheral system can also be divided into two groups
of nerves on the basis of the function they serve. The sonmatic
nervous systemcontrols voluntary nuscles and novenent. The
aut onom ¢ nervous systemcontrols the glands and organs of the
body.

Is that all? Well, no. There's one nore division we need
to consider. The autonom ¢ nervous systemis conposed of the
synpat heti ¢ nervous system and the parasynpathetic nervous
system Both of these systens have connections to the sane
organs and gl ands, but for very different -- yet related --
pur poses.

Basically, your synpathetic nervous system becones active
when you are in danger or are about to engage in sonething |ike
an athletic contest. Heart beat increases, digestive processes
sl ow down, and blood flowis increased to the nuscles. You are
ready for extreme physical exertion -- whether that be running
away from an eneny, catching the game-w nni ng pass, or what
have-you. Thus, the synpathetic nervous systemis focused on
usi ng body resources, particularly in tinmes of need.

The parasynpat heti c nervous systemis connected to the sane
organs as is the synpathetic nervous system but activity of the
par asynpat heti ¢ system has very different effects. It slows the
heartbeat, increases the digestive processes, and diverts bl ood
fromthe nuscles toward the stomach and intestines. The
par asynpat heti c systemtends to restore body resources in
preparation for the next event. Activity of each of these
nervous systens has essentially opposite effects. However,

t oget her the parasynpathetic and synpathetic nervous systens
precisely control the organs and chem cal bal ance in the body.
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The nervous system coordinates the activity of individual
Neurons which cluster to formnerves. The nerves are directed
by the brain, which exercises control over our glands. to
produce a variety of natural changes in behavior and indirectly
various artificial changes in behavior.

The brain

Qur nervous systemis organi zed to process and deliver
neural nessages. The nessage delivery systemis the peripheral
nervous system Let's now | ook at the deci sion-mnaking
apparatus: the spinal cord and brain, including the major
operating divisions of our brain, the hindbrain and m dbrain and
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our sophisticated forebrain. |In sinple animals, it is possible
that as few as three neurons (afferent, associative, and
efferent) may be involved in responding to stinmuli fromthe
environnment. However, for even the sinplest responses in
humans, the story is nuch nore conpl ex.

Take the knee-jerk reflex as an exanple. A tap on the knee
activates many afferent neurons. Through them and the afferent
neurons with which they interconnect, the stinulation reaches
the |l ower portion of the spinal cord. There little processing
is involved. Through very few associ ative neurons, the incom ng
nmessage is transferred to efferent, or outgoing, neurons. These
connect to the effectors, in this case nuscles in the |leg, and
your | eg kicks out alnost imediately. Very few sensory stimnul
in humans are processed that rapidly and converted so assuredly
into a particular reaction.

In fact, sensory nessages are usually relayed to the spinal
cord and up to the brain, where active processing is involved
before any action takes place. Psychol ogists have | ong
recogni zed the inportance of the brain in nbost human deci sion-
making -- both voluntary and involuntary. Even before
psychol ogy becane a formal science, the inportance of the head
had been recogni zed, although incorrectly as suggested in the
Figure. In the early 1800's the phrenol ogi sts thought that
| unps on the head indicated that a person had unusual ability in
skills controlled by the area of the brain under the lunp. The
"Think about it" that follows describes the assunptions nade by
phrenol ogi sts and how t hey turned out.

Think About It

The question: Do lunps on the head indicate a person's abilities? Is there
any relation between parts of the brain and specific talents or functions?

The answer: Early in the 19th century Franz Joseph Gall (1758-1828) and
later G Spurzheim (1776-1832) devel oped a process call ed phrenol ogy, to
study the mind and its functions. The phrenol ogi sts asserted that bunps in
the outer skull covered enlargenents of the brain beneath them as shown in
the drawing. It was further stated that enlargenents in specific areas of
the brain meant a person excelled in the abilities controlled by that area.

As it turned out, swellings on the outside of the brain were not
directly related to the shape of the outer surface of the skull. Neither
could it be proven that enlargenent of an area in the brain neant inproved
capabilities of whatever function was controlled by that area. The
phrenol ogi sts' assunption that specific body functions are controlled by
specific areas of the brain seems to be generally correct for certain skills.
Evi dence regarding this last point is still being sought and exam ned. The
phrenol ogi sts had sone interesting ideas about the |unps on your head, but
subsequent research did not confirmtheir theories.
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However, we should note that sone ideas of the
phrenol ogi sts were not entirely out of place. Evidence shows
that certain body functions are controlled by specific areas of
the brain in both humans and aninmals. All animals require
nervous systens that can cope with the sane basic physi cal
demands. Thus, all aninmals are capable of eating, drinking, and
nmovi ng about without |losing their balance. To a |esser extent
such processes as sl eeping and reproduction are simlarly
controll ed.

What di stingui shes humans from other (lower) organisns is
not the specific areas of the human brain, but rather the
rel ati ve devel opnent of these specific areas. In humans, as in
nost animals, the brain is a |arge group of neurons and nerves
in one part of the body. The human brain includes sone 10
billion neurons. Yet, it can be divided into a nunber of areas
that are easy to identify. Each controls different responses of
the total organism

As the governing portion of the nervous system the brain
is divided into three main sections, each with different
responsibilities: the hindbrain and m dbrain and the forebrain.
These three sections of the brain conbine to exercise control
over our glands to produce a variety of natural changes in
behavi or and, less directly, artificial changes in behavior.

The H ndbrain and M dbrain

The brain, as the
controlling portion of the
nervous system is conposed of
t hree principal sections:
hi ndbrai n, m dbrain, and
forebrain, with the hindbrain
bei ng cl osest to the spinal
cord. The relations anong
various parts of the brain are
illustrated in the Figure.
Part of the hindbrain, at the top of the spinal cord forns the
| ower part of an area called the brain stem The brain stem
rel ays afferent nessages from nmany of the sensory organs to

hi gher levels in the brain. It also relays efferent nessages
fromthose levels to the effectors. In general, control of the
nost basic processes of life -- breathing and heartbeat -- occur

at the lowest levels of the brain. As you nove upward through
the brain, increasingly conplex process are found. Thus, an act
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of 1 magi nation -- what would your bedroom | ook |ike redecorated
in green with colonial furniture? -- occurs in the forebrain.
The Think About It addresses a related question regarding brain
structure and function.

Think About It

The question: Aunt Gerda was talking to Uncle Bert about the children of one
set of parents. She concluded from her quick analysis that big heads neant
smart people. Was she right? How about brain size? Is brain size related to
intelligence?

The answer: The answer to the first question is no, but the answer to the
second question is maybe. As you read, even 150 years ago the phrenol ogi sts
tried to denonstrate that head size was directly related to intelligence or
ability in some direct way. The evidence argues heavily against this idea.

However, during the 1960's it was found that the size of rat and mce
brains is related to the kind of environment in which they are raised. The
brains of rats raised alone in standard wi re-nmesh cages were smaller than
those of rats raised in an enclosed natural environment that included other
rats.

The cortex of the enriched-environment rats grew about five percent
nore than the rest of the brain. In addition, the cell body of the neurons
grew 13-14 percent larger and the glial cells (which nourish the neuron)

i ncreased about 14 percent. Both of these factors probably indicate increased
nervous systemactivity. So we answer with a nmaybe. Bigger heads do not nean
smarter animals or people. But aninmals with a nore enriched environnent
create larger (not nore) neurons and have at least a slightly enlarged
cortex. O course, it is nmuch too early to conclude fromthis that an
enriched environment |leads to a larger brain. That possibility is still being
assessed.

The hindbrain perforns a nunber of reflex actions,
i ncl udi ng such responses as blinking the eyes. In addition,
sonme of the nobst basic processes of the body, such as breathing
and heart rate, are controlled in the brain stem Another part
of the hindbrain, not in the direct line of conmunication from
the spinal cord to the forebrain, is the cerebellum One of the
mai n tasks of the cerebellumis controlling posture, bal ance,
and the nuscle tone of voluntary muscles all over the body.

The mdbrain is | ocated just above the hindbrain, formng
t he upper part of the brain stem Like the hindbrain, it also
serves to relay both afferent and efferent nessages. The
m dbrai n perforns sone of the sane kind of reflex responses that
are controlled by the hindbrain. However, the m dbrain al so
controls nore conpl ex responses such as walking. |In addition to
t he hindbrain and m dbrain, the brain also contains the
forebrain which is primarily responsible for controlling our
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gl ands and producing a variety of natural changes in behavior.
I ndirectly, depending on our intent, we can also create a
variety of artificial changes in behavior.

The forebrain

In addition to the hindbrain and m dbrain, the brain also
contains the forebrain, the nost conplex and the biggest part of
the human brain, as illustrated in the Figure. [Editor: Refer
to sane figure as in preceding section] Because of differences
in function, the forebrain is often divided into two conponents
-- the old or classic part of the forebrain and the new portion,
t he neocortex or cortex. 1In the classic part of the forebrain,
there are three parts. The first of these, the thalanus, is the
| ast relay station through which afferent nessages will pass.

It serves as a mgjor "switching point." Messages fromall the
senses except that of snell are relayed fromhere directly to a
specific area of the highest part of the forebrain, the cortex.

A second portion of the classic forebrainis the linbic
system of which the nost inportant part is the third portion,
or hypot hal anus. The hypot hal anus itself has been found to be
involved in a huge variety of conplex human processes. WMany of
its activities are unconscious and automatic. It is liberally
| aced with blood vessels so that it is able to react to the
state of the body by nonitoring the blood. The hypothal anus
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controls eating, drinking, and certain sexual activities as well
as nore fully automati c adjustnents such as tenperature. Thus,
many of the activities which the hypothal anus i nfluences are
notives.

Through the autonom ¢ nervous system to which it is
directly connected, the hypothal amus controls the operation the
body's organs. Electrical stinulation of the hypothal anus can
cause a hungry animal to stop eating, a full animal to continue
eating, and a variety of other surprising responses.

Al though it oversinplifies things a bit, we can say the
brain stem thal anus, and hypot hal amus are the hi ghest points in
the brain at which reflex or automatic responses are controll ed.
As we nove fromthe spinal cord to the forebrain, we nove from
areas controlling automati c responses to those controlling nore
conpl ex, voluntary responses.

The nost conplex part of the forebrain is the cortex
itself. Areas wthin the cortex are called |obes. There are
four | obes, three of which are separated by deep valleys, or
fissures. (See illustration.) The frontal |obe is found, as you
m ght guess, at the front of the brain. The back of the frontal
contains the notor cortex, which controls body novenent. During
brain surgery, stinulating this part of the brain may cause
i nvoluntary bodily novenents.

To the sides of the frontal |obe are the areas of the brain
controlling speech. The front of the frontal |obe seens to be
used mainly for abstract nental activity. Lesioning |arge parts
of the frontal |obes seens to have little effect on bodily
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functions. However, it may seriously alter nore subtle thought
processes -- the explanation for the bizarre behavior of one
Phi neas Gage, a railroad worker who destroyed a significant
portion of his frontal |lobe in an accident. The Think About It
di scusses one body function that can be indirectly inpacted by
frontal |obe activity -- blinking your eyes.

Think About It

The question: At the beginning of the chapter we asked you to keep from
blinking for as long as you could. If you kept this in mnd as you read, you
probably found you could go for quite sone tine w thout blinking. However,
the | onger you went, the nore attention you had to devote to the effort.
Since blinking is one of many things you do wi thout thinking about it, how
were you able to override that process? Wat parts of the brain were invol ved
in that process of voluntarily controlling what is usually involuntary and
automatic?

The answer: W nust vastly oversinplify the operation of the brain in order
to answer this question. The eyeblink is normally controlled by the

hi ndbrain. It requires no conscious or voluntary thought by any higher
portion of the md- or forebrain. However, a voluntary override of that
process can be acconplished by a decision made in the frontal cortex. As the
eyes becone nore and nore dry and as dust particles start to bother them
these signals are received in the sensory area at the front of the parieta

| obe. As long as the efferent (downward) notor nessages fromthe notor area
at the rear of the frontal |obe are blocked by the frontal cortex, you should
be able to keep fromblinking. But, the nmonment you don't pay close attention
the automatic response (initiated by the hindbrain) will cause your eyes to
bl i nk.

At the back of the cortex is located the center for vision,
the occipital | obe. The tenporal |obe, located to the side of
the brain, and separated fromthe rest by a fissure, is mainly
concerned with hearing. The parietal |obe, |ocated across the
back top of the brain, receives nessages fromthe skin receptors
and fromsensors in the nuscles and joints.

When you exam ne a conplete human brain, you note right
away that it is conposed of two apparently equal halves. These
hal ves are called hem spheres. While they |ook alike, they have
sone interesting differences in function. Events that occur to
the left side of the body -- a pin prick, a feeling of heat or
cold -- stimulate the right cortex. Events on the right side
stinmulate the left cortex. Yet, in vision we don't see two
different worlds, we see one image. This blending is done by
associ ative, or internuncial, neurons that connect the two
hem spheres mainly through sonething called the corpus call osum
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Bot h nonkeys and sonme humans have had their corpus call osum
(and in sonme cases al so connections even deeper down in the
nervous systen) cut through conpletely. Thus, the left
hem sphere could no | onger communi cate with the right
hem sphere. Sone truly amazing results were then obtained, as
described in Feature 4.2. There can be a lot of truth in the
saying that the right hand doesn't know what the left is doing!
The corpus call osuminsures that each hem sphere is informed of
the other -- otherw se you wouldn't be able to clap your hands.

Feature 4.2
THE SPLI T BRAI N

Since the early 1940's there has been nuch work on how
thinking is influenced when the corpus callosumis cut to create
a "split brain." The left half controls |anguage for 92 percent
of all right-handed people, but also for 69 percent of |eft-
handers. Thought in this hem sphere follows in a | ogical way
fromproblemto solution. The right half tends to function nuch
nore abstractly, but not always in a | ogical sequence. This
hem sphere coordi nates notor behavior and artistic (painting or
nmusic) efforts.

Severing the brain's corpus callosum separates the right
and | eft hal ves and prevents communi cati on between them
However, under normal circunstances that |esion does not alter
behavi or. To detect what changes may occur, one psychol ogi st
asked persons who had undergone the split-brain operation to
focus their eyes on a spot. Then he flashed a red or green
light in the left visual field. This was received by the right
part of the retina (as described in Chapter on Sensation and
Perception) and relayed to the right hem sphere. The subject
was asked to say which color had been flashed. But, |anguage is
controlled by the | eft hem sphere—+the one that did not see the
light. So what happened?

Most of the subjects guessed wong. However, if allowed
nore tries, they got better and better at correcting thensel ves.
Fol l owi ng an error the subject would frown shake his or her
head—ot or actions controlled by the right hem sphere. Then the
subj ect would correct the error!

The left half of the brain that was trying to guess by
usi ng | anguage was separated fromthe half that knew the answer.
So the right half, not having control of |anguage, used a notor
response (head-shaki ng and shoul der shrugging) to signal that an
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error had been made. A fascinating denonstration of the
different capabilities of the left and right hem spheres.

The brain, as the director of the nervous system operates
t hrough the hypot hal anus to exercise control over many of our
gl ands. These influences produce a variety of effects,
I ncl udi ng natural changes in behavior such as sleep and
artificial changes in behavior such as those produced by drugs.

d ands

Besi des the workings of the nervous system there is
anot her set of physiol ogical processes that al so affect our
behavior. These are the functions of the gl ands, both exocrine
(ducted) and endocrine (ductless). An analogy may hel p. Think
of the body as a pipe -- wapped around the alinentary
(digestive)canal. The exocrine glands secrete through the walls
of the pipe to the outside (e.g., sweat) or inside (e.g.,
saliva); the endocrine glands secrete into the circul atory
systemw thin the wall of the pipe.

The exocrine (ducted) glands produce nany different
products, including sweat, saliva, and tears, as well as sperm
and eggs. They secrete into a duct which carries their product
either to the skin (e.g., sweat) or to an internal cavity (e.g.
saliva). These glands are not of nuch interest to
psychol ogi sts. They tend to be influenced by behavior (when you
eat, you salivate), but they do not tend to alter behavior.

The endocrine (ductless) gl ands produce hornones which are
secreted directly into the bloodstream They nmay affect an
organ or anot her endocrine gland, or they may directly influence
behavi or. These gl ands secrete hornones upon being stinul ated
by ot her hornones or by the nervous system

As seen in the Figure, there are eight endocrine gl ands,
two of which (pituitary and adrenal) have two parts. Al the
ot her endocrine glands are controlled by the pituitary, often
called the master gland. The pituitary is controlled to sone
extent by chemi cals rel eased by the hypot hal anus. As a naster
gland it secretes a nunber of hornones that influence the gl ands
and organs. Control of the pituitary gland by the hypothal anus
makes good sense, since the hypothal anus itself responds to
chem cals within the blood stream So, nonitoring the bl ood
chem stry, the hypothal anmus can directly stinmulate the pituitary
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gl and t hrough neural connections and hornonal influence. The
pituitary stinulates the other gl ands.

Men and wonen have all these glands in commbn save one
pair, as shown in the Figure. Men have testes, which produce
the mal e sex hornone, while wonen have ovaries, which produce
hornones related to femal e sexual characteristics. Both these
gl ands (collectively called gonads) respond to gonadotropin, a
hor mone rel eased by the pituitary gl and.

As al ready noted, three systens -- the nervous system the
gl ands, and the nuscles -- are the major factors responsible for
the ways humans and animals react. Psychol ogists usually do not
study the nuscles since they are sinply effectors responding to
t he nervous system Thus, from a psychol ogi cal point of view,
under st andi ng the nervous system and gl ands is enough to explain
t he physi ol ogi cal bases of behavior. Qur glands and nervous
systemare the primary sources of influence inpacting various
natural changes in behavior such as sl eep, biofeedback,
medi tati on, and Hypnosi s.

Nat ural Changes i n Behavi or

Let's | ook at sonme physi ol ogical processes that occur
primarily because of changes in our nervous system The
i nfluences of the nervous system which inpact behavior usually
|l ead to inmediate effects. By contrast, our glands usually
stinulate long-termeffects -- such as the gain of secondary
sexual characteristics during adol escence in response to gonad-
produced hor nones.

Changes in our inmediate behavi or can be brought about in
two different ways. Natural changes in behavior resulting from
alterations of nervous systemactivity include sleep,
bi of eedback, neditation, and hypnosis. These changes are under
the control of the individual, though in an unusual way.

Wher eas we can tense our mnuscles and increase our physical
exertion and acconplishnent, it is not possible to wll
oursel ves actively into sleep or (typically) a hypnotized state.
Though controversial, neditation and bi of eedback, by
contrast, are acts of focused will achieved by a goal - seeking
human. These effects require voluntary cooperation of the
person who is being influenced. Moreover, artificial changes in
behavi or (i ncluding those brought on by drugs) at first involve
the active cooperation of the person. However, once the process
I s underway, the person nay | ose sone or all control over what
is taking place.
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Sl eep

For humans sl eep is one of
the nost fascinating of all
nat ural changes in behavi or.
The average human is actively
engaged in sleep -- full-tine
doing nothing else -- for 20 to
25 years of his or her total
[ifetime. Sleep research
attenpts to rel ate nervous
systemactivity to what happens
during sl eep.

The EEG, or el ectroencephal ograph is our nost inportant
gui de to the understanding of sleep. By attaching the EEG
el ectrodes to the human scalp as seen in the Figure, it is
possible to record the electrical activity of a |large nunber of
neurons in the brain beneath. These EEG recordi ngs show t hat
cells tend to fire nore or |ess
together in the alert, awake

=iage .

e EEG Record human. The el ectri cal

T TIPS = M o activity, therefore, appears as
R B e "waves" of activity, or cycles
2 e AmARL TR L AL AR of increasing and then
1 ¢;4%ﬂ;4m#ﬁ;m4ﬂﬁﬁ”L decr easi ng neur onal f|r|ngs.
o AN ALK e A AR The cycl es occur very rapidly -

S - up to as many as 40-42 cycles

AT R e i 0.1
- T T T 1% 1 o Gl TR S i
mai,ﬁi*;aﬁgguﬂﬁn,n,“ per second when the person is

awake.

However, if we continue to record the brain's electrical
activity as the person goes to sleep, we find activity in the
brain begins to change. |In fact, if we exam ne the EEG records
of sonmeone going fromfully awake to deep sleep, we find four
stages through which we all pass, and a fifth we enter when
soundly asleep after 90 m nutes or so. (See the illustration.)

It turns out that a very regular 90 mnute cycl e of
el ectrical activity exists throughout the night, as depicted in
the Figure. W drop fairly rapidly to Stage Four, the stage of
deepest sl eep. However, we seemto clinb out of it into a
nodi fied version of Stage One sleep, a fifth stage called
par adoxi cal sleep or energent Stage One. The EEG record in
par adoxi cal sl eep appears as though the partici pants were awake,
yet they are as difficult to awaken as soneone whose EEG record
i ndicates they are in Stage Four sl eep.
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Soneone noticed that during paradoxical sleep participants'
eyes seened to be noving -- alnost as if they were open and the
partici pant were |ooking around. It was soon discovered that
these rapid eye novenents (nore sinply called REMs) occur at a
particular time. Wat happens if you awaken partici pants who
are show ng REMs and whose EEG records indicate they are in this
par adoxi cal sl eep? About 70 percent of the time they wll
report that they have been dreani ng.

This was an inportant discovery! Al sorts of questions
pop to mnd. Does everyone drean? |t turns out that yes, just
about everyone dreans. Typically, those who report they never
dream have a problemrenenbering that they dreaned. |f such
peopl e are awakened when they are showi ng REMs, they too w ||
usual ly report that they have been dream ng.

Well, then, how inportant is dream ng? Wat woul d happen
if we woke people every tine they started showi ng REMS, to
prevent them from dream ng? People who are deprived of REM
sl eep becone nore short-tenpered, nore distractible, and |ess
able to concentrate on their everyday responsibilities. In
addi tion, after such people are no | onger being awakened when
t hey show REMs, they engage in nuch nore REM sl eep than usual
Thi s rebound effect suggests that they are naking up for |ost
time or, nore precisely, making up for | ost REM sl eep.

And, finally, is sleeping really a quiet state? 1Is the
brain "shut down" in sonme way, or |ess active during sleep?
The evi dence says no. Wat seens to happen is that incom ng
stimuli are bl ocked instead of being relayed to alert higher
centers of the brain. The brain remains active, but sinply does
not respond to incomng stimuli.

How t he brain continues to function is shown in the exanple
of parents who sleep near railroad tracks. A train going by,
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even though it makes a | ot of noise, won't wake themup at all,
once they have becone used to the sound. Yet, if the child of
those parents cries out during sleep, one or both parents may
awaken in an instant to check the child. Hopefully, the squeak
of a floorboard stepped on by a burglar will have the sane
effect. Sleep is but one of the natural changes in behavior we
can exhibit. Ohers include biofeedback, neditation, and
hypnosi s

Bi of eedback

Anmong natural changes in behavior, one of the nost
controversial, yet potentially beneficial is biofeedback. For
many years psychol ogy divided all human behavior into voluntary
and involuntary responses. Voluntary responses included, as you
m ght expect, any responses that involved active control of
muscles: a swwng of the arm a wink of the eye, and so forth.
| nvol untary responses included heart beat, blood pressure, and
EEG wave patterns, as well as nore subtle responses such as
uri ne production by the kidneys.

It had | ong been assuned that humans coul d not control,
except in a very limted way, involuntary responses. At |east
that was what was believed until participants were allowed to
observe their "involuntary"” behavior, such as brain waves, on
an oscilloscope. Now that's not a new idea, but the next step
was. One psychol ogi st decided to reward participants every tine
they could increase the occurrence of al pha waves on the
oscill oscope. What was the result?

By watching their EEG people were able, by a conscious
effort, to make the al pha waves appear! W know t hat al pha
waves, wth a frequency of 6-8 cycles per second, usually occur

only in the fully relaxed or dozing participant. It is too
early to junp to the conclusion that learning to increase al pha
wave activity will create a nore rel axed, healthy person.

However, the suggestion has led to sone intensive research
efforts.

Bi of eedback refers to the use of electronic instrunents to
show the participant the activity of one or nore of his or her
bodily processes -- heart beat, respiration, or what have you.
Scientists' early enthusiasmfor biofeedback cool ed sonmewhat
during the 70's since results were not always easily duplicated,
a topic analyzed in the Think About It section.
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Think About It

The question: |s it possible to nonitor and control "involuntary" responses
i ke bl ood pressure?

The answer: It is becoming increasingly clear that some responses earlier
thought to be involuntary can be actually nodified, if not fully controlled.
The first use of biofeedback techniques to hel p soneone control involuntary
responses invol ved controlling heartbeat and bl ood pressure. Early worries
have been largely dispelled that other responses (such as breathing or nuscle
tension) m ght have been altered, indirectly effecting a change in heart
functi oni ng.

Whet her or not a heart can be directly controlled is really just a
technicality. To the person with high blood pressure, any device that warns
hi mor her when the bl ood pressure is increasing nay assist that person in
altering behavior to reduce the demands on the heart. It isn't the direct
control but the necessary effect—+tess denmand on the heart—that counts.

However, the rapid growth of behavioral nmedicine reaffirnms the
grow ng nunber of successful results in using biofeedback to
treat even such severe problens as | oss of blood pressure in
paral yzed hospital patients. Biofeedback offers hope for
increasing our life span by reducing internal body stress.

Bi of eedback is only one of the natural changes in behavior we
exhibit. Qhers include sleep, neditation, and hypnosis

Medi tati on

In recent years one of the nost attention-getting natural
changes in behavior has been the study of consciousness.
Consciousness is a concept that is not easy to define. You and
| are aware of ourselves. W are aware of our ability to think
and experience. That awareness is defined by nmany as
consci ousness.

Meditation, a type of deep, concentrated thought, is
related to consciousness and focuses on sone of these problens.
For exanple, many societies (including our own) offer neans by
which to "expand" consciousness. There is a marked simlarity
in the neans by which this nay be achieved in societies
otherwi se dissimlar, as seen in the Figure.

In Zen neditation one question (called a koan) serves as a
poi nt of focused concentration, sonetines over a period of
years. Yoga uses one word (called the mantra), which is said
time and again in the early stages of neditation. This word has
or gains great personal nmeaning. A third kind of neditation has
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the participant direct his or her attention to an object (called
a mandal a) .

It is not easy to define when a neditative state of
consci ousness” is achieved. All approaches use the sane
nmethod: they limt the awareness of body feeling and the
environment to a single object or concept. Meditation is an
altered state of consci ousness exactly because of this narrowed
attention. However, it is a naturally altered state, requiring
not hing nore than the will to achieve it.

In our study of the EEG wave patterns we |earn that the
al pha wave pattern occurs when the participant is awake, but
resting calmy with eyes closed. It has been found that people
in nmeditation often show the al pha wave pattern with their eyes

"hi gher

open or shut.
achi eve.

eyes open.

Clearly,
so focused that they don't notice anything el se,
By neasuring a nunber of physiol ogical

This is inpossible for the nonneditator to

whi l e sonmeone is neditating,

di fferences produced during sl eep,
Such conparisons are shown nore fully in Table 5. 1;
observations are expanded upon in Feature 5.3

those who are neditating have their attention
even with their
processes

it has been possible to study the
medi t ati on,

and hypnosi s.
t hese

Table 5.1

Comparison of changes in several physiological functions during

meditation, sleep, and hypnosis

PHYSI OLOG CAL
VEASURE

VEDI TATI ON

SLEEP

HYPNOSI S

Oxygen
consunpti on

Car bon

di oxi de in

bl ood stream
Rat e of
respiration

Rat e of
respiration

M xed
evi dence of a
dr op

No noticeabl e
change from
waki ng state
No noticeabl e
change from
waki ng state
No noticeabl e
change from
waki ng state

Drops half as
much as in
medi tati on,
but takes 4
hours or nore
to do so.

| ncr eases

Decr eases

Decr eases

No noti ceabl e
change from
waki ng state

Depend on the
suggest ed
Sstate

Depends on

t he suggest ed
state

Depends on

t he suggested
state
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Met abol i c Decr eases Rermai ns No noti ceabl e
rate const ant change
EEG wave Al pha waves No al pha No noti ceabl e
patterns predom nat e waves change from

waki ng state
El ectri cal Lar ge Smal | Depends on
skin increase at a increase t he suggested
resi stance rapid rate (hal f that state

found in

nmeditative
state) at a
sl ow rate of

change
Heart beat No change or Depends on
sl i ght t he suggest ed
i ncrease state
Bl ood No change Dr op Depends on
pressure f rom waki ng t he suggest ed
state state

Feature 5.3
VEDI TATI ON:  WAVES OF RELAXATI ON?

What happens to the physiol ogy of a nmediator? Two
psychol ogists in the early 70's studi ed 36 peopl e experienced
with transcendental neditation, a variety of yoga. Oxygen
consunption, carbon dioxide elimnation, blood pressure,
tenperature, skin conductivity, and other functions were
nmeasured before, during, and after neditation. During
medi tati on oxygen consunption dropped 16 percent, while carbon
di oxi de el i m nation dropped al nost 15 percent bel ow pre- and
post-neditation levels. Both the rate and vol une of breathing
dr opped about 22 percent, suggesting that basic body netabolism
had been sl owed.

More recent summaries of research conducted during the late
70's and early 80's
contradict these findings. Although neditation is well
accepted, there is scant evidence that it effectively reduces
somati ¢ (body) arousal any nore than sinple resting. Learning
the actual physiological effects of nmeditation is inportant,
since it is used both personally and professionally.

How does the physiol ogy of the neditati ng human conpare
with that of the other two naturally nodified states, hypnosis
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and sl eep? (See the Table.) Generally speaking, the body
functi ons of people under hypnosis neasure the sane as if the
subj ects were actually perform ng the suggested action or

t hought while they were awake. There is little physiol ogica
simlarity anong the three states.

Agai n, as was true of biofeedback, neditation is of nuch
I nterest to nodern-day psychol ogists. Meditation seens to allow
a person to be aware of stressful situations, yet to control
t heir damagi ng i npact on the body. It also increases the
apparent ability of people to "tune-out" non rel evant
perceptions. Meditation is controversial, however, because
during the 1980’ s sone psychol ogi sts began to di spute earlier

findings. It was suggested that it was possible to replicate
the findings related to neditation in the table nmentioned
earlier sinply by asking people to relax -- not sleep, but rel ax

-- in a quiet environnent for 30 minutes or nore. Now, sone
argue neditation is sinply the result of relaxation, others view
it as a nore conplex, elevated state of focused concentration.
Either way relaxation is a natural change in behavi or we may
show. Qhers include sleep, responses to biof eedback, and
hypnosi s.

Hypnosi s

In recent years perhaps the nobst controversial natura
change i n behavi or has been hypnosis. It is a natural neans of
altering the nornmal state of consciousness. |Is there a
separate, identifiable hypnotic state? Can people who are
hypnoti zed be made to do things against their will or against
the aw? Are superhuman feats possi ble when hypnotized? Can
peopl e actually be made to forget that certain things have
happened? Can they be made to do things after they have been
hypnoti zed -- things of which they are not even aware? Such
guestions have forned the basis for many studi es of hypnosis.
These studies, especially when considered along with recent
studies of neditation, are beginning to give sone answers.

Experi ments have shown, for instance, that hypnosis works
equally well with nen or wonen and that even a five-year-old can
be hypnotized. They have al so confirned that people vary w dely
in the ease with which they can be put under. People with
unusual |y high powers of concentration are easiest to hypnoti ze.
They are able to focus their attention on a book, their own
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t houghts, or even the demands of a hypnotist, and ignore other
stimuli.

Some psychol ogi sts doubt that the hypnotic state really
exists. They explain it as resulting fromthe "suggestibility"
of sone people. QOhers don't question the existence of
hypnosi s, but are investigating differences in personal
attributes, such as the ability to attend to only a limted
nunber of stimuli. Still other attenpts to explain it have
focused on differences in the social environment. The
physi ol ogi cal evidence as presented in the Tabl e, argues agai nst
the exi stence of a special hypnotic state. Cbviously, nore
research is required.

Super hunman feats cannot be performed either during or
foll owi ng hypnosis. Feats performed while hypnotized turn out,
upon careful analysis, to be well within human capabilities.
This is especially true if people are willing to swallow their
pride and nmonentarily "let thenselves go."

It is clear that people
can behave follow ng hypnosis
as though they have actually
forgotten a fact, or cannot
hear a certain word or see a
certain action. This is called
post - hypnoti ¢ suggestion. Even
the | abel itself suggests an
expl anation for the event. The

; 2 | partici pant nmust be a
cooperative person, willing to follow the hypnotist's
instructions. However, nore work is needed here, too, before we
can under stand what really happens and why.

W1l people who have been hypnoti zed do thi ngs agai nst
their owmn will or against the law? The evidence is mxed. In
the main it seens to show that no, they won't. But, an action
may be presented as being required by events of which the
hypnoti zed person has not previously been aware. Then it is
possi ble to get people to perform actions which they would not
ot herwi se have perforned.

This | ast point nmakes the next one particularly inportant.
Can peopl e be hypnotized against their will? The answer is no.
Bei ng very open to suggestions and haV|ng a strong "capacity for
total attention" are inportant traits in the participant to be
hypnoti zed. However, w thout his or her active cooperation no
such hypnosis is possible. A person nust work actively to place
consci ous processes under the hypnotist's control. Dentists have
removed nol ars under hypnosis with no additional pain-killer;
doctors have renoved spl eens. Hypnosis is a natural change in
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behavi or sonme -- but not all -- can achieve. Oher such changes
i ncl ude sl eep, responses to bi of eedback, and neditation.

Artificial Changes in Behavior

Changes in our basic physiol ogical processes caused by our

nervous systemfall into two broad categories. Natural changes
I n behavi or involve nothing other than conscious control being
exerci sed over voluntary and involuntary behavior. |In that

sense sl eep, biofeedback, neditation, and hypnosis are natural
nmet hods for altering basic body processes. But the nervous
system can al so be influenced by artificial neans. Once these
artificial techniques have been applied, the nervous system
typically cannot control their effects. Various types of drugs
that i nfluence our behavior include depressants and stinulants
as well as hall uci nogens.

The power of drugs to influence the body is easy to
denonstrate. The nost basic function of the nervous systemis
t he el ectrochem cal process called neuronal firing. Put sinply,
one of the nost direct ways to influence the body -- everything
fromvision to nerve conductivity -- is to introduce chenicals
whi ch hinder or help the nervous system Therein lies the
| mportance of drugs.

A stimulant is any drug that increases activity in the
nervous systemor in any function of the body. 1In contrast, a
depressant is any drug that reduces activity in the nervous
system or slows down sone body function. The effects of sone
drugs are difficult to classify by observation. For exanple,
al cohol seens to stimulate, although it is actually a
depressant.

Hal | uci nogeni ¢ drugs often produce changes in the norma
senses (hallucination), sonetinmes without altering the person's
awar eness (or consciousness) of those changes. There is much
di sagreenent as to how these drugs actually function. There is
sonme evidence that they are stimulants. Yet, sonme of the
effects clearly result from depression of normal body processes.
The hal | uci nogens are not just stinulants or just depressants --
t hey produce sone of both effects in a series of physiol ogical
reactions not yet fully understood.

The nervous systemthat controls us is very conplex. |If
control of a function is |ocated at a particular point in the
central nervous system then stinulant or depressant drugs that
act at that point will affect that function. The Figure
sumari zes the broad range of behavioral effects that may result
from vari ous dosages of stimulants, depressants, or
hal | uci nogens. W all use drugs in one formor another. Wat
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are the effects of depressants and stinulants? What are the
effects of hallucinogens? Anong the many processes inpacted by
drugs are our abilities to exhibit normal sensation and

per cepti on.

USI NG PSYCHOLOGY: The effects of depressants and
stinmul ants

Artificial changes in behavior are often sought either
t hrough the use of depressants and stinulants or through the use
of hal luci nogens. One of the nobst w dely used depressants, and

per haps the nost w dely abused, is alcohol. Beer contains the
| east al cohol, wine has a higher concentration, and distilled
| i quors have the highest concentration of all. A person nust

typically drink up to 10 tinmes the volune of beer to equal the
effects of one drink of distilled |iquor. However, al
al cohol i ¢ beverages eventually produce the sane results in the
human body. It is well known that it is the percentage of
al cohol in the blood that counts.

What are these results? The nmain effect of alcoholic
beverages on the human body is registered on the brain. As the
per centage of al cohol in the blood rises, the highest |evels of

the brain -- the cortical areas -- becone depressed. Higher
mental processes -- thinking, feeling, problemsolving -- are
first to be lost. As nore alcohol is consuned, |ower areas in
t he m dbrain becone affected. Soon a person is increasingly

unable to talk and reason clearly.

The person feels relaxed and acts with fewer restraints,
but this occurs because the cortex is increasingly depressed by
the al cohol. Wen you | essen the activity of the cortex, you
remove controls. Wth no inhibitions the person nmay seem nore
free and active. However, as |lower brain centers are affected,
even the sense of balance is in tine lost. Inability to "walk a
straight line" 1is a traditional (although unscientific) way by
whi ch drunkenness is defined.

More extreme depressants include all of the narcotics.
These drugs (ranging from opi um and nor phi ne to codei ne) affect
the central nervous system They depress the functions of the
sensory cortex and the thalanus and thus provide a fal se sense
of well-being and relief fromanxiety and pain. However, in a
short tinme, as the effects spread, the person may becone
increasingly drowsy and finally fall asleep. Too |arge a dose
may depress the automatic activities normally controlled by the
brain stem and death can result fromrespiratory failure.

Stinmulants vary greatly in their effects. One group of
stinmulants -- the anphetanm nes -- cause the heartbeat to
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I ncrease, the pupils of the eyes to dilate, and the organismin
general to feel flushed, active, alert and "high."

At the sanme time the digestive processes are slowed down,
so that the body is nore active but eating |less (thus the use,
or msuse, of anphetamines in losing weight). Wen the person
stops taking the anphetam nes, the digestive systemrebounds and
the result is nausea and vomting. Wth too | arge a dosage, the
person may hover between sl eep and unconsci ousness as the body
attenpts to restore its chenical balance. Artificial changes in
behavi or can al so be achieved through the use of hall uci nogens.
A rel ated question concerns the effects of halluci nogenics?
Anong the many processes inpacted by both stinulants and
depressants are our abilities to achieve normal sensation and
per cepti on.

USI NG PSYCHOLOGY: The effects of hall uci nogens

Artificial changes in behavior may be created through using
stinmulants or depressants or such changes are sonetines sought
t hrough the use of hallucinogens. The hallucinogenic drugs are
very difficult to classify as depressant or activating. They
may be a little of both.

In smal |l dosages there is |little doubt that the
hal | uci nogens produce mld stinulation of the central nervous
system Generally, a person under the influence of one of these
drugs is nore excitable and alert. This may result from
stinulation of the |ower brain centers or depression of sone of
the higher inhibitory centers. However, despite the increased
activity, the person is less able to receive and interpret
sensory stimuli.

Thi s conbi nation of increased activity and decreased
sensitivity to external stinulation | ends increased inportance
to prior thoughts and experiences stored in nenory. The person

may indulge in flights of fancy -- immune to outside stinulation
and nore or less totally at the will of internal thoughts.

One of the nost widely recognized drugs this group is
marijuana. It is the nost wdely used. Because of the

i solation fromexternal stinmuli experienced by marijuana users,
the nood or environnent in which they originally take marijuana

may affect how they will experience it.

At the other extrene is LSD. This drug is extrenely
powerful -- so powerful, in fact, that controlling the effects
of the drug is very difficult. Varying even slightly the anount
consuned will lead to wide differences in the results. The nany
changes in behavior resulting fromLSD occur because there are
many sites that are affected by it. It causes the pupils to
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dilate and the heartbeat to increase, and it affects the
synapses (junctions between neurons) in the central nervous
system The sensory cortex is stinulated but restraints are
lost. Information fromthe senses gains in inportance. The
mechani sns that normally handl e sensory input and processing are
so activated that synesthetic experiences ("hearing" a color,
"feeling" a sound, and so forth) are commonly reported.

It was at one tinme thought that LSD m ght be used to create
vari ous personality abnornmalities to aid the study of howto
prevent or cure them The drug does produce response patterns
very simlar to sone aspects of abnormal human behavior. Many
hospital s have adm tted drug users whose synptons resenble
psychotic behavior. However, the research with abnormalities
tenporarily created by LSD and rel ated drugs has been very
di sappointing so far. No insight into illness or clear-cut
resul ts have been obtai ned.

So at this point we can sinply note that drug usage can and
usual | y does have profound effects on the body, nmany of which
are unpredi ctabl e and possi bly dangerous. Any altering of the
function of the nervous system by drugs will produce detectable
or even dramatic changes in behavior. The effects of drug use
depend nmainly on the type of drug involved and the primary site
of action of that drug within the nervous system One of the
nost obvi ous processes i npacted by hallucinogins is our ability
to achi eve nornmal sensation and perception.

REVI EW QUESTI ONS

The Nervous System
1. Wat is the nost basic part of the nervous systenf

What
two characteristics does the part have?
2. How does the nervous systemtransmt information?
3. \What nethods do psychol ogists use to study the nervous
syst enf
4. Nanme three types of nerves and their functions.
5. What are the major divisions of the nervous systenf
6. Nane the parts of the brain and what they do.
7. What are the differences between the right and |eft
hem spheres of the brain?
d ands
1. In addition to the nervous system what systemcontrols

human behavi or ?
2. Wat is the role of the hypothal anus?
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Nat ural Changes in Behavior: Sleep
1. Wiat is the relationship between brain activity and
sl eep?
2. Describe REM sleep and its possible functions.

Nat ural and Artificial Changes in Behavi or
1. Wat are sone natural neans of altering the operations
of
t he nervous systen? Wat are sone artificial nmeans?

Artificial Changes in Behavior
1. What are the effects on behavior of the three cl asses
of
drugs?

ACTI VI TIES for Physi ol ogy

1. Reflexes are anong the sinplest "built-in" response
patterns on which humans rely. Less sophisticated animls (such
as your famly ‘s pet dog or cat) also rely on reflexes. You
may have noticed an unusual one in dogs. |If a dog is lying on
Its side, you can rub its flank -- the depression on the side
just front of the rear leg. And what happens? The dog wil|
start noving its rear leg reflexively, as if it were scratching
itself. How nany of your own refl exes can you nane and
denonstrate?

2. In Chapters covering devel opnental physiol ogi cal
processes we tal k about heredity and environnent as factors
i nfluencing performance. Consider the following: Are there
physiological limts as to how high humans can junp or how fast
they can run? Are there any psychological imts? You m ght
contact a faculty nmenber in your physical education departnent
or discuss with an athlete how diet, exercise, and training can
i nfluence an athlete's perfornmance.

3. It is very inportant in this activity that you not read
the last part until you have conpleted the first part. Find an
object that is sonme distance fromyou -- five neters (16 feet)

or nore. Focus on it, keeping both eyes open. Line up your

I ndex finger so that it seens to be between you and the distant
obj ect at which you are | ooking. Holding your finger steady,
and continuing to focus on the di stant object, close one eye and
then the other. Now stop and try the denonstration before
readi ng any further.
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What did you find? For one eye the finger will block your
view of the distant object; for the other your finger wll
appear to be to one side of the object you're viewing. |If you
are right-handed, then you were probably unconsciously using
your right eye to line up your finger with the distant object.
In short, you tend to be right- or left-eyed in the sane way you
are right- or left-handed. Was this true for you? Try this
with fell ow students. For how many is their dom nant eye on the
same side as their preferred hand? Wat is denonstrated here is
| ateral (hem spheric) dom nance.

4. Aphasia is any physiol ogical |l y-based brain damage t hat
causes difficulties with |anguage. |If you are interested in a
very conplex illness that reveals nany interesting facets of how
the brain processes | anguage, consider |earning nore about
aphasi a or observing aphasics. A |local hospital or a Veterans
Adm ni stration hospital would be a good starting point for your
search. What are the differences between aphasias related to
the reception of speech (hearing), the production of speech
(speaking), the reception of words (reading), and the production
of words (witing)?

5. W now know that we tend to nove our eyes when we
dream |If you can find a parent, brother, sister or roommate
who will cooperate, encourage this person to take a nap for a
| east 90 m nutes. Watch his or her eyes and -- with prior
agreenent, of course -- awaken himor her when you see evi dence
of eye novenent. Ask if the person was dream ng; the odds are
hi gh that he or she will have been. You could volunteer to take
the nap yourself, or ask a cooperating person not to awaken you
tomorrow norning until they see your eyeballs noving underneath
your eyelids. Alternatively, if you always awake to an alarm
clock at the sanme tinme each day, set your alarmclock 10 m nutes
earlier one norning, and you may well catch yourself dream ng.

| NTERESTED | N MORE on PHYSI OLOGY?
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LAURIE, P. (1971). Drugs: Medical, Psychological and
Social Facts, 2nd ed. New York, NY: Penguin. The title tells
it all.
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NETTER F. H  (1958). The Ciba Collection of Medical
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of the nervous system Beautiful draw ngs.
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use, the basic actions of drugs, and even substances not usually
t hought of as drugs (such as coffee).

ROSE, S. (1976). The Conscious Brain. Vi ntage Books.
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and Behavior. San Francisco, CAX W H Freeman. Free of
technical term nology, this brief, readable introduction to
structure and function of the brain and nervous system
enphasi zes behavi ors such as | earning, |anguage, and
consci ousness.

WOOLRIDGE, D. E. (1963). The Machinery of the Brain. New
York, NY: MGawH |l Book Conpany. A highly readabl e book
i ntended for the average lay person interested in the human
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