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INTRODUCTION 

 
The brain is the portion of the central nervous system contained 
within the skull. It is the control center for movement, sleep, 
hunger, thirst, and virtually every other vital activity necessary 
to survival. All human emotions—including love, hate, fear, 
anger, elation, and sadness—are controlled by the brain. It also 
receives and interprets the countless signals that are sent to it 
from other parts of the body and from the external environment. 
The brain makes us conscious, emotional, and intelligent. 

 
Human Brain 

 
 

The human brain has three major structural components: the 
large dome-shaped cerebrum (top), the smaller somewhat 
spherical cerebellum (lower right), and the brainstem (center). 
Prominent in the brainstem are the medulla oblongata (the egg-
shaped enlargement at center) and the thalamus (between the 
medulla and the cerebrum). The cerebrum is responsible for 
intelligence and reasoning. The cerebellum helps to maintain 
balance and posture. The medulla is involved in maintaining 
involuntary functions such as respiration, and the thalamus acts 
as a relay center for electrical impulses traveling to and from the 
cerebral cortex. 
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ANATOMY 
 
The adult human brain is a 1.3-kg (3-lb) mass of pinkish-gray 
jellylike tissue made up of approximately 100 billion nerve cells, 
or neurons; neuroglia (supporting-tissue) cells; and vascular 
(blood-carrying) and other tissues. 
 
Between the brain and the cranium—the part of the skull that 
directly covers the brain—are three protective membranes, or 
meninges. The outermost membrane, the dura mater, is the 
toughest and thickest. Below the dura mater is a middle 
membrane, called the arachnoid layer. The innermost mem-
brane, the pia mater, consists mainly of small blood vessels and 
follows the contours of the surface of the brain.  
 
A clear liquid, the cerebrospinal fluid, bathes the entire brain 
and fills a series of four cavities, called ventricles, near the 
center of the brain. The cerebrospinal fluid protects the internal 
portion of the brain from varying pressures and transports 
chemical substances within the nervous system. 
 
From the outside, the brain appears as three distinct but 
connected parts: the cerebrum (the Latin word for brain)—two 
large, almost symmetrical hemispheres; the cerebellum (“little 
brain”)—two smaller hemispheres located at the back of the 
cerebrum; and the brain stem—a central core that gradually 
becomes the spinal cord, exiting the skull through an opening at 
its base called the foramen magnum. Two other major parts of 
the brain, the thalamus and the hypothalamus, lie in the midline 
above the brain stem underneath the cerebellum. 
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The brain and the spinal cord together make up the central 
nervous system, which communicates with the rest of the body 
through the peripheral nervous system. The peripheral nervous 
system consists of 12 pairs of cranial nerves extending from the 
cerebrum and brain stem; a system of other nerves branching 
throughout the body from the spinal cord; and the autonomic 
nervous system, which regulates vital functions not under 
conscious control, such as the activity of the heart muscle, 
smooth muscle (involuntary muscle found in the skin, blood 
vessels, and internal organs), and glands. 

 
Cerebrum 

 
 
 
 
 
 
 

Functions of the Cerebral Cortex 
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Many motor and sensory functions have been “mapped” to 
specific areas of the cerebral cortex, some of which are 
indicated here. In general, these areas exist in both hemispheres 
of the cerebrum, each serving the opposite side of the body. 
Less well defined are the areas of association, located mainly in 
the frontal cortex, operative in functions of thought and emotion 
and responsible for linking input from different senses. The 
areas of language are an exception: both Wernicke’s area, 
concerned with the comprehension of spoken language, and 
Broca’s area, governing the production of speech, have been 
pinpointed on the cortex. 



Most high-level brain functions take place in the cerebrum. Its 
two large hemispheres make up approximately 85 percent of the 
brain's weight. The exterior surface of the cerebrum, the 
cerebral cortex, is a convoluted, or folded, grayish layer of cell 
bodies known as the gray matter. The gray matter covers an 
underlying mass of fibers called the white matter. The 
convolutions are made up of ridgelike bulges, known as gyri, 
separated by small grooves called sulci and larger grooves 
called fissures. Approximately two-thirds of the cortical surface 
is hidden in the folds of the sulci. The extensive convolutions 
enable a very large surface area of brain cortex—about 1.5 m2 
(16 ft2) in an adult—to fit within the cranium. The pattern of 
these convolutions is similar, although not identical, in all 
humans. 
 
The two cerebral hemispheres are partially separated from each 
other by a deep fold known as the longitudinal fissure. 
Communication between the two hemispheres is through 
several concentrated bundles of axons, called commissures, the 
largest of which is the corpus callosum. 
 
 

Left and Right Brain Functions 
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Although the cerebrum is symmetrical in structure, with two 
lobes emerging from the brain stem and matching motor and 
sensory areas in each, certain intellectual functions are 
restricted to one hemisphere. A person’s dominant hemisphere 
is usually occupied with language and logical operations, while 
the other hemisphere controls emotion and artistic and spatial 
skills. In nearly all right-handed and many left-handed people, 
the left hemisphere is dominant. 
  
The frontal lobe is the largest of the five and consists of all the 
cortex in front of the central sulcus. Broca's area, a part of the 
cortex related to speech, is located in the frontal lobe. The 
parietal lobe consists of the cortex behind the central sulcus to 
a sulcus near the back of the cerebrum known as the parieto-
occipital sulcus. The parieto-occipital sulcus, in turn, forms the 
front border of the occipital lobe, which is the rearmost part of 

e cerebrum. The temporal lobe is to the side of and below the 

smitted by the motor cortex, a 
rip of cerebral cortex extending from side to side across the 

th
lateral sulcus. Wernicke's area, a part of the cortex related to the 
understanding of language, is located in the temporal lobe. The 
insula lies deep within the folds of the lateral sulcus. 
 
The cerebrum receives information from all the sense organs 
and sends motor commands (signals that result in activity in the 
muscles or glands) to other parts of the brain and the rest of the 
body. Motor commands are tran
st
top of the cerebrum just in front of the central sulcus. The 
sensory cortex, a parallel strip of cerebral cortex just in back of 
the central sulcus, receives input from the sense organs. 
 
Many other areas of the cerebral cortex have also been mapped 
according to their specific functions, such as vision, hearing, 
speech, emotions, language, and other aspects of perceiving, 
thinking, and remembering. Cortical regions known as 
associative cortex are responsible for integrating multiple 
inputs, processing the information, and carrying out complex 
responses. 
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 Cerebellum 
 

The cerebellum coordinates body movements. Located at the 



lower back of the brain beneath the occipital lobes, the 
cerebellum is divided into two lateral (side-by-side) lobes 
connected by a fingerlike bundle of white fibers called the 
vermis. The outer layer, or cortex, of the cerebellum consists of 
fine folds called folia. As in the cerebrum, the outer layer of 

ortical gray matter surrounds a deeper layer of white matter c
and nuclei (groups of nerve cells). Three fiber bundles called 
cerebellar peduncles connect the cerebellum to the three parts 
of the brain stem—the midbrain, the pons, and the medulla 
oblongata. 
 
The cerebellum coordinates voluntary movements by fine-tuning 
commands from the motor cortex in the cerebrum. The 
cerebellum also maintains posture and balance by controlling 
muscle tone and sensing the position of the limbs. All motor 
activity, from hitting a baseball to fingering a violin, depends on 
the cerebellum. 
 
  

Thalamus and Hypothalamus 
 
 

The thalamus and the hypothalamus lie underneath the 
cerebrum and connect it to the brain stem. The thalamus 
consists of two rounded masses of gray tissue lying within the 
middle of the brain, between the two cerebral hemispheres. The 
thalamus is the main relay station for incoming sensory signals 
to the cerebral cortex and for outgoing motor signals from it. All 

's vital drives and activities, such as 
ating, drinking, temperature regulation, sleep, emotional 

havior, and sexual activity. It also controls the function of 
internal body or nomic nervous 
system, interacts closely with y gland, and helps 
coordinate activities of the brain stem. 

sensory input to the brain, except that of the sense of smell, 
connects to individual nuclei of the thalamus. 
 
The hypothalamus lies beneath the thalamus on the midline at 
the base of the brain. It regulates or is involved directly in the 
control of many of the body
e
be

gans by means of the auto
the pituitar
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Brain Stem 
 
 

  

The brain stem, shown here in colored cross section, is the 
 

lowest part of the brain. It serves as the path for messages 
traveling between the upper brain and spinal cord but is also the 
seat of basic and vital functions such as breathing, blood 
pressure, and heart rate, as well as reflexes like eye movement 
and vomiting. The brain stem has three main parts: the medulla, 
pons, and midbrain. A canal runs longitudinally through these 
structures carrying cerebrospinal fluid. Also distributed along 
its length is a network of cells, referred to as the reticular 
formation, that governs the state of alertness. 
  
The brain stem is evolutionarily the most primitive part of the 
brain and is responsible for sustaining the basic functions of 
life, such as breathing and blood pressure. It includes three 
main structures lying between and below the two cerebral 
hemispheres—the midbrain, pons, and medulla oblongata. 
 

 8

Midbrain 
  
The topmost structure of the brain stem is the midbrain. It 
contains major relay stations for neurons transmitting signals to 
the cerebral cortex, as well as many reflex centers—pathways 
carrying sensory (input) information and motor (output) 



commands. Relay and reflex centers for visual and auditory 
(hearing) functions are located in the top portion of the 
midbrain. A pair of nuclei called the superior colliculus control 
reflex actions of the eye, such as blinking, opening and closing 

e pupil, and focusing the lens. A second pair of nuclei, called 

d the 
ubstantia nigra. 

 

th
the inferior colliculus, control auditory reflexes, such as 
adjusting the ear to the volume of sound. At the bottom of the 
midbrain are reflex and relay centers relating to pain, 
temperature, and touch, as well as several regions associated 
with the control of movement, such as the red nucleus an
s

 

Pons 
 

Continuous with and below the midbrain and directly in front of 
the cerebellum is a prominent bulge in the brain stem called the 
pons. The pons consists of large bundles of nerve fibers that 
connect the two halves of the cerebellum and also connect each 
side of the cerebellum with the opposite-side cerebral 
hemisphere. The pons serves mainly as a relay station linking 
the cerebral cortex and the medulla oblongata. 
 

  Medulla Oblongata 
 
 The long, stalklike lowermost portion of the brain stem is called 
the medulla oblongata. At the top, it is continuous with the pons 
and the midbrain; at the bottom, it makes a gradual transition 
into the spinal cord at the foramen magnum. Sensory and motor 
nerve fibers connecting the brain and the rest of the body cross 
over to the opposite side as they pass through the medulla. 
Thus, the left half of the brain communicates with the right half 
of the body, and the right half of the brain with the left half of the 
body. 
 

Reticular Formation 
 
Running up the brain stem from the medulla oblongata through 
the pons and the midbrain is a netlike formation of nuclei known 
as the reticular formation. The reticular formation controls 
respiration, cardiovasc art), digestion, levels ular function (see He
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of alertness, and patterns of sleep. It also determines which 



parts of the constant flow of sensory information into the body 
are received by the cerebrum. 
 

Brain Cells 
 
There are two main types of brain cells: neurons and neuroglia. 
Neurons are responsible for the transmission and analysis of all 
electrochemical communication within the brain and other parts 
of the nervous system. Each neuron is composed of a cell body 

alled a soma, a major fiber called an axon, and a system of 
branches called dendrites. Axons, also called nerve fibers, 

onvey electrical signals away from the soma and can be up to 1 

euroglial cells are twice as numerous as neurons and account 
for half of the brain's weight. Neuroglia (from glia, Greek for 
glue”) provide structural support to the neurons. Neuroglial 

c

c
m (3.3 ft) in length. Most axons are covered with a protective 
sheath of myelin, a substance made of fats and protein, which 
insulates the axon. Myelinated axons conduct neuronal signals 
faster than do unmyelinated axons. Dendrites convey electrical 
signals toward the soma, are shorter than axons, and are usually 
multiple and branching. 
 
N

“
cells also form myelin, guide developing neurons, take up 
chemicals involved in cell-to-cell communication, and contribute 
to the maintenance of the environment around neurons. 
 

Cranial Nerves 
 
Twelve pairs of cranial nerves arise symmetrically from the base 
of the brain and are numbered, from front to back, in the order in 
which they arise. They connect mainly with structures of the 
head and neck, such as the eyes, ears, nose, mouth, tongue, and 
throat. Some are motor nerves, controlling muscle movement; 
some are sensory nerves, conveying information from the sense 
organs; and others contain fibers for both sensory and motor 
impulses. The first and second pairs of cranial nerves—the 

 10

olfactory (smell) nerve and the optic (vision) nerve—carry 
sensory information from the nose and eyes, respectively, to the 
undersurface of the cerebral hemispheres. The other ten pairs of 
cranial nerves originate in or end in the brain stem. 
 

 



HOW THE BRAIN WORKS 
 

he brain functions by complex neuronal, or nerve cell, circuits. 

tures called 
esicles release neurotransmitters that carry the signal across 

the synapse, or gap, between two neurons. There are many 
types of neurotrans phrine, dopamine, 

nd serotonin. Neurotransmitters can be excitatory (that is, they 

T
Communication between neurons is both electrical and chemical 
and always travels from the dendrites of a neuron, through its 
soma, and out its axon to the dendrites of another neuron. 
 
Dendrites of one neuron receive signals from the axons of other 
neurons through chemicals known as neurotransmitters. The 
neurotransmitters set off electrical charges in the dendrites, 
which then carry the signals electrochemically to the soma. The 
soma integrates the information, which is then transmitted 
electrochemically down the axon to its tip. 
 
At the tip of the axon, small, bubblelike struc
v

mitters, including norepine
a
excite an electrochemical response in the dendrite receptors) or 
inhibitory (they block the response of the dendrite receptors). 
 
One neuron may communicate with thousands of other neurons, 
and many thousands of neurons are involved with even the 
simplest behavior. It is believed that these connections and their 
efficiency can be modified, or altered, by experience. 
 
Scientists have used two primary approaches to studying how 
the brain works. One approach is to study brain function after 
parts of the brain have been damaged. Functions that disappear 
or that are no longer normal after injury to specific regions of 
the brain can often be associated with the damaged areas. The 
second approach is to study the response of the brain to direct 
stimulation or to stimulation of various sense organs. 
 
Neurons are grouped by function into collections of cells called 
nuclei. These nuclei are connected to form sensory, motor, and 
other systems. Scientists can study the function of 

omatosensory (pain and touch), motor, olfactory, visual, s
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auditory, language, and other systems by measuring the 
physiological (physical and chemical) changes that occur in the 
brain when these senses are activated. For example, 



electroencephalography (EEG) measures the electrical activity 
f specific groups of neurons through electrodes attached to the 

 other in 
ertain functions. Research has shown that hemispheric 

he division of functions between the 
o hemispheres has also been studied in people who have had 

o
surface of the skull. Electrodes inserted directly into the brain 
can give readings of individual neurons. Changes in blood flow, 
glucose (sugar), or oxygen consumption in groups of active 
cells can also be mapped. 
 
Although the brain appears symmetrical, how it functions is not. 
Each hemisphere is specialized and dominates the
c
dominance is related to whether a person is predominantly right-
handed or left-handed (see Handedness). In most right-handed 
people, the left hemisphere processes arithmetic, language, and 
speech. The right hemisphere interprets music, complex 
imagery, and spatial relationships and recognizes and 
expresses emotion. In left-handed people, the pattern of brain 
organization is more variable. 
 
Hemispheric specialization has traditionally been studied in 
people who have sustained damage to the connections between 
the two hemispheres, as may occur with stroke, an interruption 
of blood flow to an area of the brain that causes the death of 
nerve cells in that area. T
tw
to have the connection between the two hemispheres surgically 
cut in order to control severe epilepsy, a neurological disease 
characterized by convulsions and loss of consciousness. 
 

   Vision 
 
The visual system of humans is one of the most advanced 
sensory systems in the body. More information is conveyed 
visually than by any other means. In addition to the structures of 
the eye itself, several cortical regions—collectively called 

rimary visual and visual associative cortex—as well as the p
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midbrain are involved in the visual system. Conscious 
processing of visual input occurs in the primary visual cortex, 
but reflexive—that is, immediate and unconscious—responses 
occur at the superior colliculus in the midbrain. Associative 
cortical regions—specialized regions that can associate, or 
integrate, multiple inputs—in the parietal and frontal lobes along 
with parts of the temporal lobe are also involved in the 



processing of visual information and the establishment of visual 
memories. 
 

 
   

Functioning of the Eye and Stereoscopic Vision 
Light rays entering the eye are refracted, or bent, when they 
pass through the lens. Normal vision requires that the rays 
focus on the retina. If the eyeball is too long, an accurately 
focused image falls short of the retina. This is called myopia, 
or nearsightedness. A nearsighted person sees distant 
objects unclearly. Farsighted focus, or hyperopia, results 
when the eyeball is too short. In this case, an accurately 
focused image would fall behind the retina. These conditions 
can also occur if the muscles of the eye are unable to alter the 
shape of the lens to focus light rays accurately. Humans are 
capable of focusing on a single object with both eyes. This 
type of vision, called stereoscopic vision, is important since it 
allows for depth perception. In addition to humans all 
predatory vertebrates have stereoscopic vision. 

 
 

  Language 
 
La
int
co
tha
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nguage involves specialized cortical regions in a complex 
eraction that allows the brain to comprehend and 
mmunicate abstract ideas. The motor cortex initiates impulses 
t travel through the brain stem to produce audible sounds. 



Ne
mo
so
se
co
of 
 

ighboring regions of motor cortex, called the supplemental 
tor cortex, are involved in sequencing and coordinating 

unds. Broca's area of the frontal lobe is responsible for the 
quencing of language elements for output. The 
mprehension of language is dependent upon Wernicke's area 
the temporal lobe. Other cortical circuits connect these areas. 

   Memory 
 

emory is usually considered a diffusely stored associative 
rocess—that is, it puts together information from many 

different sources. Althou  has failed to identify 
pecific sites in the brain as locations of individual memories, 

M
p

gh research
s
certain brain areas are critical for memory to function. 
Immediate recall—the ability to repeat short series of words or 
numbers immediately after hearing them—is thought to be 
located in the auditory associative cortex. Short-term memory—
the ability to retain a limited amount of information for up to an 
hour—is located in the deep temporal lobe. Long-term memory 
probably involves exchanges between the medial temporal lobe, 
various cortical regions, and the midbrain. 
 

 The Autonomic Nervous System 
 
The autonomic nervous gulates the life support 

ystems of the body reflexively—that is, without conscious 
system re

s
direction. It automatically controls the muscles of the heart, 
digestive system, and lungs; certain glands; and homeostasis—
that is, the equilibrium of the internal environment of the body. 
The autonomic nervous system itself is controlled by nerve 
centers in the spinal cord and brain stem and is fine-tuned by 
regions higher in the brain, such as the midbrain and cortex. 
Reactions such as blushing indicate that cognitive, or thinking, 
centers of the brain are also involved in autonomic responses. 

  
  BRAIN DISORDERS 

 
The brain is guarded by several highly developed protective 
mechanisms. The bony cranium, the surrounding meninges, and 
the cerebrospi e mechanical 

rotection of the brain. In addition, a filtration system called the 
nal fluid all contribute to th

p
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blood-brain barrier protects the brain from exposure to 



potentially harmful substances carried in the bloodstream. 
 
Brain disorders have a wide range of causes, including head 
injury, stroke, bacterial diseases, complex chemical imbalances, 
and changes associated with aging. 

 
Head Injury 

 
Head injury can initiate a cascade of damaging events. After a 
blow to the head, a person m  be stunned or may become 
unconscious for a m alled a concussion, 

sually leaves no permanent damage. If the blow is more severe 

ay
oment. This injury, c

u
and hemorrhage (excessive bleeding) and swelling occur, 
however, severe headache, dizziness, paralysis, a convulsion, or 
temporary blindness may result, depending on the area of the 
brain affected. Damage to the cerebrum can also result in 
profound personality changes. 
 
Damage to Broca's area in the frontal lobe causes difficulty in 
speaking and writing, a problem known as Broca's aphasia. 
Injury to Wernicke's area in the left temporal lobe results in an 
inability to comprehend spoken language, called Wernicke's 
aphasia. 
 
An injury or disturbance to a part of the hypothalamus may 
cause a variety of different symptoms, such as loss of appetite 
with an extreme drop in body weight; increase in appetite 
leading to obesity; extraordinary thirst with excessive urination 
(diabetes insipidus); failure in body-temperature control, 
resulting in either low temperature (hypothermia) or high 
temperature (fever); excessive emotionality; and uncontrolled 
anger or aggression. If the relationship between the 
hypothalamus and the pituitary gland is damaged (see 
Endocrine System), other vital bodily functions may be 
disturbed, such as sexual function, metabolism, and 
cardiovascular activity. 
 
Injury to the brain stem is even more serious because it houses 
the nerve centers that control breathing and heart action. 
Damage to the medulla oblongata usually results in immediate 
death. 
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  Stroke 
 
A stroke is damage to the brain due to an interruption in blood 
flow. The interruption may be caused by a blood clot (see 
Embolism; Thrombosis), constriction of a blood vessel, or 
rupture of a vessel accompanied by bleeding. A pouchlike 
expansion of the wall of a blood vessel, called an aneurysm, 
may weaken and burst, for example, because of high blood 
pressure. 
 
Sufficient quantities of glucose and oxygen, transported through 
the bloodstream, are needed to keep nerve cells alive. When the 
blood supply to a small part of the brain is interrupted, the cells 
in that area die and the function of the area is lost. A massive 
stroke can cause a one-sided paralysis (hemiplegia) and 
sensory loss on the side of the body opposite the hemisphere 
damaged by the stroke. 
 

 
    

 
Grand Mal Seizure EEG 

 
The electroencephalograph (EEG) pattern of a normal individual, 
left, shows low amplitude tracings from each of the electrodes 

at have been placed on the head. In an EEG pattern from an 
individual suffering from a grand mal seizure, right, these 
tracings exhibit both a high amplitude and an erratic pattern 
lasting for several minutes. 
 
Epilepsy is a broad term for a variety of brain disorders 
characterized by seizures, or convulsions. Epilepsy can result 
from a direct injury to the brain at birth or from a metabolic 
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th



disturbance in the brain at any time later in life. 
 
Some brain diseases, such as multiple sclerosis and Parkinson 
disease, are progressive, becoming worse over time. Multiple 
sclerosis damages the myelin sheath around axons in the brain 
and spinal cord. As a result, the affected axons cannot transmit 
nerve impulses properly. Parkinson disease destroys the cells of 
the substantia nigra in the midbrain, resulting in a deficiency in 
the neurotransmitter dopamine that affects motor functions. 
 

rebral palsy is a broad term for brain damage sustained close Ce
to birth that permanently affects motor function. The damage 
may take place eith us, during birth, or er in the developing fet
just after birth and is the resu  of the faulty development or lt
breaking down of motor pathways. Cerebral palsy is non 
progressive—that is, it does not worsen with time. 
 
A bacterial infection in the cerebrum (see Encephalitis) or in the 
coverings of the brain (see Meningitis), swelling of the brain (see 
Edema), or an abnormal growth of healthy brain tissue (see 

umor) can all cause an increase in intracranial pressure and T
result in serious damage to the brain. 
 
Scientists are finding that certain brain chemical imbalances are 
associated with mental disorders such as schizophrenia and 
depression. Such findings have changed scientific 
understanding of mental health and have resulted in new 
treatments that chemically correct these imbalances. 
 
During childhood development, the brain is particularly 
susceptible to damage because of the rapid growth and 
reorganization of nerve connections. Problems that originate in 
the immature brain can appear as epilepsy or other brain-
function problems in adulthood. 
 
Several neurological problems are common in aging. 
Alzheimer's disease damages many areas of the brain, including 
the frontal, temporal, and parietal lobes. The brain tissue of 
people with Alzheimer's disease shows characteristic patterns 
of damaged neurons, known as plaques and tangles. 
Alzheimer's disease produces a progressive dementia (see 
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Senile Dementia), characterized by symptoms such as failing 



attention and memory, loss of mathematical ability, irritability, 
and poor orientation in space and time. 
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MEMORY 
 

INSTRODUCTION 
 
Memory (psychology), processes by which people and other 
organisms encode, store, and retrieve information. Encoding 
refers to the initial perception d registration of information. an
Storage is the retention of e nformation over time. ncoded i
Retrieval refers to the processes involved in using stored 
information. Whenever people successfully recall a prior 
experience, they must have encoded, stored, and retrieved 
information about the experience. Conversely, memory failure—
for example, forgetting an important fact—reflects a breakdown 
in one of these stages of memor
 
Memory is critical to humans and all other living organisms. 
Practically all of our daily activities—talking, understanding, 
reading, socializing—depend on our having learned and stored 

y. 

 
information about our environments. Memory allows us to 
retrieve events from the distant past or from moments ago. It 
enables us to learn new skills and to form habits. Without the 
ability to access past experiences or information, we would be 
unable to comprehend langua , recognize our friends and ge
family members, find ou r even tie a shoe. Life r way home, o
would be a series of dis riences, each one new connected expe
and unfamiliar. Witho ory, humans would ut any sort of mem
quickly perish. 
 
Philosophers, psychologists, writers, and other thinkers have 
long been fascinated by memory. Among their questions: How 
does the brain store memories? Why do people remember some 
bits of information but not others? Can people improve their 
memories? What is the capacity of memory? Memory also is 
frequently a subject of controversy because of questions about 
its accuracy. An eyewitness’s memory of a crime can play a 
crucial role in determining a suspect’s guilt or innocence. 
However, psychologists agree that people do not always recall 
events as they actually happened, and sometimes people 
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mistakenly recall events that never happened. 
 
Memory and learning are closely related, and the terms often 
describe roughly the same processes. The term learning is often 



used to refer to processes involved in the initial acquisition or 
encoding of information, whereas the term memory more often 
refers to later storage and retrieval of information. However, this 
distinction is not hard and fast. After all, information is learned 
only when it can be retrieved later, and retrieval cannot occur 
unless information was learned. Thus, psychologists often refer 
to the learning/memory process as a means of incorporating all 
facets of encoding, storage, and retrieval. 

 

TYPES OF MEMORY 

 
 

Although the English language uses a single word for memory, 
there are actually many different kinds. Mo

 20

st theoretical models 
of memory distinguish three main systems or types: sensory 
memory, short-term or working memory, and long-term memory. 
Within each of these categories are further divisions. 
 
  Sensory Memory
   
Sensory memory refers to the initial, momentary recording of 
information in our sensory systems. When sensations strike our 
eyes, they linger briefly in the visual system. This kind of 



sensory memory is called iconic memory and refers to the 
usually brief visual persistence of information as it is being 
interpreted by the visual system. Echoic memory is the name 

pplied to the same uditory domain: the 
brief mental echo that pe  
Similar systems are assumed to exist for other sensory systems 
(touch, taste, and smell), although researchers have studied 
these senses less thoroughly. 
 
American psychologist George Sperling demonstrated the 
existence of sensory memory in an experiment in 1960. Sperling 
asked subjects in the experiment to look at a blank screen. Then 
he flashed an array of 12 letters on the screen for one-twentieth 
of a second, arranged in the following pattern:  

a phenomenon in the a
rsists after information has been heard.

Subjects were then asked to recall as many letters from the 
image as they could. Most could only recall four or five letters 

 which he 
ounded a tone immediately after flashing the image on the 

reen. A high tone d to report the letters in the 
p row, a medium to  middle row, 
d a low tone direc d subjects to report letters in the bottom 

accurately. Subjects knew they had seen more letters, but they 
were unable to name them. Sterling hypothesized that the entire 
letter-array image registered briefly in sensory memory, but the 
image faded too quickly for subjects to “see” all the letters. To 
test this idea, he conducted another experiment in
s
sc irected subjects 

e cued subjects to report thet
a
o
n

n
te
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row. Sperling found that subjects could accurately recall the 
letters in each row most of the time, no matter which row the 
tone specified. Thus, all of the letters were momentarily 
available in sensory memory. 
 
Sensory memory systems typically function outside of aware-
ness and store information for only a very short time. Iconic 
memory seems to last less than a second. Echoic memory 
probably lasts a bit longer; estimates range up to three or four 
seconds. Usually sensory information coming in next replaces 
the old information. For example, when we move our eyes, new 



visual input masks or erases the first image. The information in 
sensory memory vanishes unless it captures our attention and 
enters working memory. 
 

  
Short-Term or Working Memory 
 

 

In a 1966 experiment, subjects were shown a 
series of 15 words, then tested for their recall of 
the words immediately or after 30 seconds. When 
tested immediately, people remembered items at 

 

the beginning and end of the series better than 
those in the middle, a phenomenon called the 
serial position effect. Memory for words at the end 
of the list faded when the test was delayed 30 
seconds. 

   

Psychologists originally used the term short-term memory to 
refer to the ability to hold information in mind over a brief period 
of time. As conceptions of short-term memory expanded to 
include more t  han just the brief storage of information,
psychologists c term working reated new terminology. The 
memory is now c mmonly used to refer to a broader system that o
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both stores information briefly and allows manipulation and use 
of the stored information. 



  
We can keep information circulating in working memory by 
rehearsing it. For example, suppose you look up a telephone 
number in a directory. You can hold the number in memory 
almost indefinitely by saying it over and over to yourself. But if 
something distracts you for a moment, you may quickly lose it 
and have to look it up again. Forgetting can occur rapidly from 
working memory.   
 
Psychologists often study working memory storage by examin-
ing how well people remember a list of items. In a typical 
experiment, people are presented with a series of words, one 
every few seconds. Then they are instructed to recall as many of 
the words as they can, in any order. Most people remember the 
words at the beginning and end of the series better than those in 
the middle. This phenomenon is called the serial position effect 
because the chance of recalling an item is related to its position 
in the hown 
in the t.” In 
this experiment, recall was tested either immediately after 
presen cts in 
both c imacy 
effect, items. 

series. The results from one such experiment are s
accompanying chart entitled “Serial Position Effec

tation of the list items or after 30 seconds. Subje
onditions demonstrated what is known as the pr
which is better recall of the first few list 

Psycho nd to logists believe this effect occurs because people te
proces  in the s the first few items more than later items. Subjects
immed ct, or iate-recall condition also showed the recency effe
better the last items on the list. The recency effect recall of 
occurs because people can store recently presented information 
temporarily in working memory. When the recall test is delayed 
for 30 seconds, however, the information in working memory 
fades, and the recency effect disappears. 
 
Working memory has a basic limitation: It can hold only a limited 
amount of information at one time. Early research on short-term 
storage of information focused on memory span—how many 
items people can correctly recall in order. Researchers would 

ow people increasingly long sequences of digits or letters and sh
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then ask them to recall as many of the items as they could. In 
1956 American psychologist George Miller reviewed many 
experiments on memory span and concluded that people could 
hold an average of seven items in short-term memory. He 
referred to this limit as “the magical number seven, plus or 



minus two” because the results of the studies were so 
consistent. More recent studies have attempted to separate true 

torage capacity from processing capacity by using tests more s
complex than memory span. These studies have estimated a 
somewhat lower short-term storage capacity than did the earlier 
experiments. People can overcome such storage limitations by 
grouping information into chunks, or meaningful units.   
 
Working memory is critical for mental work, or thinking. 
Suppose you are trying to solve the arithmetic problem 64 × 9 in 
your head. You probably would need to perform some 
intermediate calculations in your head before arriving at the final 
answer. The ability to carry out these kinds of calculations 
depends on working memory capacity, which varies individually. 
Studies have also shown that working memory changes with 
age. As children grow older, their working memory capacity 
increases. Working memory declines in old age and in some 
types of brain diseases, such as Alzheimer’s disease. 
 
Working memory capacity is correlated with intelligence (as 
measured by intelligence tests). This correlation has led some 
psychologists to argue that working memory abilities are 
essentially those that underlie general intelligence. The more 
capacity people have to hold information in mind while they 
think, the more intelligent they are. In addition, research 
suggests that there are different types of working memory. For 
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example, the ability to hold visual images in mind seems 
independent from the ability to retain verbal information. 
 

 
Long-Term Memory 

 
The term long-term memory is somewhat of a catch-all phrase 
because it can refer to facts learned a few minutes ago, personal 
memories many decades old, or skills learned with practice. 
Generally, however, long-term memory describes a system in 
the brain that can store vast amounts of information on a 
relatively enduring basis. When you play soccer, remember what 
you had for lunch yesterday, recall your first birthday party, play 
a trivia game, or sing along to a favorite song, you draw on 
information and skills stored in long-term memory. 
 



Psychologists have different theories about how information 
nters long-term memory. The traditional view is that that e

information enters short-term memory and, depending on how it 
is processed, may then transfer to long-term memory. However, 
another view is that short-term memory and long-term memory 
are arranged in a parallel rather than sequential fashion. That is, 
information may be registered simultaneously in the two 
systems. 
 
There seems to be no finite capacity to long-term memory. 
People can learn and retain new facts and skills throughout their 
lives. Although older adults may show a decline in certain 
capacities—for example, recalling recent events—they can still 
profit from experience even in old age. For example, vocabulary 
increases over the entire life span. The brain remains plastic and 
capable of new learning throughout one’s lifetime, at least under 
normal conditions. Certain neurological diseases, such as 
Alzheimer’s disease, can greatly diminish the capacity for new 
learning. 
 

 

Psychologists once thought of long-term memory as a single 
system. Today, most researchers distinguish three long-term 
memory systems: episodic memory, semantic memory, and 
procedural memory. 
 

Episodic Memory 
 
Episodic memory refers to memories of specific episodes in 
one’s life and is what most people think of as memory. Episodic 
memories are connected with a specific time and place. If you 
were asked to recount everything you did yesterday, you would 
rely on episodic memory to recall the events. Similarly, you 
would draw on episodic memory to describe a family vacation, 
the way you felt when you won an award, or the circumstances 
of a childhood accident. Episodic memory contains the 
p
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ersonal, autobiographical details of our lives. 
 
 

Semantic Memory 
   



  
 
Knowing that Egypt has pyramids is a form of 
Semantic memory, which refers to our general 
knowledge o

  
f the world. 

  
Semantic memory refers to our general knowledge of the world 
and all of the facts we know. Semantic memory allows a person 
to know that the chemical symbol for salt is NaCl, that dogs 
have four legs, that Thomas Jefferson was president of the 
United States, that 3 × 3 equals 9, and thousands of other facts. 
Semantic memories are not tied to the particular time and place 
of learning. For example, in order to remember that Thomas 
Jefferson was president, people do not have to recall the time 
and place that they first learned this fact. The knowledge 
transcends the original context in 
respect, semantic mem isodic memory, which 

 closely related to time and place. Semantic memory also 
seems to have a different neural basis than episodic memory. 
Brain-damaged patients who have great difficulties remembering 
their own recent personal experiences often can access their 
permanent knowledge quite readily. Thus, episodic memory and 
semantic memory seem to represent independent capacities. 

 
Procedural Memory

which it was learned. In this 
ory differs from ep

is
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Mountain Biking 
These two cyclists riding mountain bikes are 
drawing on procedural memory, a form of long-term 
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memory that deals with learned skills and does not 
require conscious effort to recall. 

 
   
Procedural memory refers to the skills that humans possess. 
Tying shoelaces, riding a bicycle, swimming, and hitting a 
baseball are examples of procedural memory. Procedural 
memory is often contrasted with episodic and semantic memory. 
Episodic and semantic memory are both classified as types of 
declarative memory because people can consciously recall 
facts, events, and experiences and then verbally declare or 
describe their recollections. In contrast, nondeclarative, or 
procedural, memory is expressed through performance and 
typically does not require a conscious effort to recall. 
 
 



 
  

Practice and Speed in Cigar-Making 
Workers in a cigar factory continued to improve their speed of 
production even after making millions of cigars. Only after two 
years did their performance begin to level off, demonstrating 
that sk
  

ills can improve over long periods of time. 

Could ugh you learn how to tie your shoelaces or to swim thro
purely ading or listening to  declarative means—say, by re
descriptions of how to do it? If it would be possible at all, the 
process would be slow, difficult, and unnatural. People best gain 
procedural knowledge by practicing the procedures directl  y, not
via instructions given in words. Verbal coaching in sports is 
partly a case of trying to impart procedural knowledge through 
declarative means, although coaching by example (and 
videotape) may work better. Still, in most cases there is no 
substitution for practice. Procedural learning may take 
considerable effort, and improvements can occur over a long 
period of time. The accompanying chart, entitled “Practice and 
Speed in Cigar-Making,” shows the effect of practice on Cuban 
factory workers making cigars. The performance of the workers 
continued to improve even after they had produced more than 

00,000 cigars. 

  Interaction of Long-Term 

1
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Memory Systems 



   
Although long-term episodic, semantic, and procedural memory 
all represent independent systems, it would usually be wrong to 
think of a particular task as relying exclusively on one type. The 
examples used above (remembering yesterday’s events, 
knowing that Thomas Jefferson was president, or tying shoes) 
represent relatively pure cases. However, most human activities 
rely on the interaction of long-term memory systems. Consider 
the expression of social skills or, more specifically, table 
manners. If you know to set the dinner table with the fork to the 
left of each plate, is this an example of procedural memory, 
semantic memory, or even episodic memory from having 
witnessed a past example? Probably the answer is some blend 
of all three. In addition, procedural memory does not apply only 
to physical skills, as in the previous examples. Complex 
cognitive behavior, such as reading or remembering, also has a 
procedural co e execute to mponent—the mental procedures w
perform these activities. Thus, the separation of procedural and 
declarative memory from one another is not clear-cut in all 
cases. 
 
  ENCODING AND RECODING 

 

 

 
  
  

 Chunking, or separate bits of 
information into s) that are easier to 
remember. 
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recoding, is grouping 
 meaningful units (chunk



Encoding is the process of perceiving information and bringing 
it into the memory system. Encoding is not simply copying 
information directly from the outside world into the brain. 
Rather, the process is properly conceived as recoding, or 
converting information from one form to another. The human 
visual system provides an example of how information can 
change forms. Light from the outside world enters the eye in the 
form of waves of electromagnetic radiation. The retina of the eye 
transduces (converts) this radiation to bioelectrical signals that 
the brain interprets as visual images. Similarly, when people 
encode information into memory, they convert it from one form 
to another to help them remember it later. For example, a simple 
digit, such as 7, can be recoded in many ways: as the word 
seven, the roman numeral VII, a prime number, the square root 
of 49, and so on. Recoding is routine in memory. Each of us has 
a unique background and set of experiences that help or hinder 
us in learning new information. An ornithologist could learn a 
list of obscure bird names much more easily than most of us 
due to his or her prior knowledge about birds, which would 
permit efficient recoding. 
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R
s

ecoding is often th ing. To under-
and the concept remember the 

following series of numbers by reading it once out loud, closing 
your eyes, and trying to recall the items in their correct order: 
one, four, nine, one, six, two, five, three, six, four, nine, six, four, 
eight, one. Test yourself now. If you are like most people, you 
might have recalled around 7 of the 15 digits in their correct 
order. However, a simple recoding strategy would have helped 
you to recall them effortlessly. Write the numbers out in digits 
and you may notice that they represent the squares of the 
numbers of 1 to 9: 1, 4, 9, 16, 25, 36, 49, 64, 81. That is, 1 squared 
is 1, 2 squared is 4, 3 squared is 9, 4 squared is 16, and so on. 
Recoding the series of numbers as a meaningful rule—the 
squares of the numbers 1 to 9—would have permitted you to 
remember all 15 digits. Although this example is contrived, the 
principle that underlies it is universally valid: How well a person 
e embers information depends on how the information is 

oded. Recoding is sometimes called chunking, because 
e
n
e  into sleet and one word remembered instead of 

e key to efficient remember
 of recoding, first try to t

r m
rec
s parate bits of information can be grouped into meaningful 

its, or chunks. For example, the five letters e, t, s, e, and l can 
 rearranged

u
b



five individual units. 
 

 
 
 
 
 
 
 
 
 
 

Learn about a principle of memory by guessing which of the 
pennies in the illustration is real. 

  
 
Psychologists have studied many different recoding strategies. 
One common strategy that people often use to remember items 
of information is to rehearse them, or to repeat them mentally. 
However, simply repeating information over and over again 
rarely aids long-term retention—although it works perfectly well 
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to hold information, such as a phone number, in working 
memory. A more effective way to remember information is 
through effortful or elaborative processing, which involves 
thinking about information in a meaningful way and associating 
it with existing information in long-term memory. 
 
One effective form of effortful processing is turning information 
into mental imagery. For example, one experiment compared 
two groups of people that were given different instructions on 
how to encode a list of words into memory. Some people were 
told to repeat the words over and over, and some were told to 
form mental pictures of the words. For words referring to 
concrete objects, such as truck and volleyball, forming mental 
images of each object led to better later recall than did rote 
rehearsal. 
 

 
 
 
 



 
Depth of Processing and Memory 

People remember information better when they process it in a 
meaningful rather than superficial way. In a 1975 experiment, 
subjects were shown a series of words and asked questions 
about each one. The questions induced subjects to pay attention 
to the word’s physical appearance, the way it sounded, or its 
meaning. The more deeply they processed the words, the better 
they recognized them on a later test. 

      
Thinking about the meaning of information is also a good 
technique for most memory tasks. Studies have found that the 
more deeply we process information, the more likely we are to 
recall it later. In 1975 Canadian psychologists Fergus Craik and 
Endel Tulving conducted a set of experiments that demonstrated 
this effect. The experimenters asked subjects to answer 
questions about a series of words, such as bear, which were 
flashed one at a time. For each word, subjects were asked one of 
three types of questions, each requiring a different level of 
processing or analysis. Sometimes subjects were asked about 
the word’s visual appearance: “Is the word in upper case 
letters?” For other words, subjects were asked to focus on the 

ound of the word: “Does it rhyme with chair?” The third type of 
question required people to think about the meaning of the 
word: “Is it an animal?” When subjects were later given a 
recognition test for the words they had seen, they were poor at 
recognizing words they had encoded superficially by visual 
appearance or sound. They were far better at recognizing words 
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s



they had encoded for meaning.   
 
Although some information requires deliberate, effortful pro-
cessing to store in long-term memory, a vast amount of 
information is encoded automatically, without effort or 
awareness. Every day each of us encodes and stores thousands 
of events and facts, most of which we will never need to recall. 
For example, people do not have to make a conscious effort to 
remember the face of a person they meet for the first time. They 
can easily recognize the person’s face in future encounters. 
Studies have shown that people also encode information about 
spatial locations, time, and the frequency of events without 
intending to. For instance, people can recognize how many 
times a certain word was presented in a long series of words 
with relative accuracy. 
 
People have developed many elaborate and imaginative 
recoding strategies, known as mnemonic devices, to aid them in 
remembering information. F  
 
   MEMORY RETRIEVAL
Encoding and storage are necessary to acquire and retain infor-
mation. But the crucial process in remembering is retrieval, 
without which we could not access our memories. Unless we 
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retrieve an experience, we do not really remember it. In the 
broadest sense, retrieval refers to the use of stored information. 
For many years, psychologists considered memory retrieval to 
be the deliberate recollection of facts or past experiences. 
However, in the early 1980s psychologists began to realize that 
people can be influenced by past experiences without any 
awareness that they are remembering. For example, a series of 
experiments showed that brain-damaged amnesic patients—who 
lose certain types of memory function—were influenced by 
previously viewed information even though they had no 
conscious memory of having seen the information before. Based 
on these and other findings, psychologists now distinguish two 
main classes of retrieval processes: explicit memory and 
implicit memory. 
 
 

Explicit Memory
 

   



 
Word Memory

In a 1984 experiment, researchers demonstrated that 
patients with amnesia can retain information even though 
they cannot recall it c

 in Amnesia 

onsciously. Both amnesic and 
normal subjects studied a list of words and then wrote 
down as man y could remember. y of the words as the
Amnesic patients remembered very few words. But on a 
test that required them to complete word fragments (such 
as def___), they completed the fragments with previously 
studied words far more often than would be expected by 
guessing, performing about the same as normal subjects.  

  
Explicit memory refers to the deliberate, conscious recollection 
of facts and past experiences. If someone asked you to recall 
everything you did yesterday, this task would require explicit 
memory processes. There are two basic types of explicit 
memory tests: recall tests and recognition tests. 
 
In recall tests, people are asked to retrieve memories without the 
benefit of any hints or cues. A request to remember everything 
that happened to you yesterday or to recollect all the words in a 
list you just heard would be an example of a recall test. Suppose 
ou were briefly sy

h
hown a series of words: cow, prize, road, gem, 

obby, string, weather. A recall test would require you to write 
own or say as many of the words as you could. If you were 

instructed to recall the r, the test would be one
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d
words in any orde  



of free recall. If you were directed to recall the words in the order 
they were presented, the test would one of serial recall or 
ordered recall. Another type of test is cued recall, in which 
people are given cues or prompts designed to aid recall. Using 
the above list as an example, a cued recall test might ask, “What 
word on the list was related to car?” In school, tests that require 
an essay or fill-in-the-blank response are examples of recall 
tests. All recall tests require people to explicitly retrieve events 
from memory. 
 
Recognition tests require people to examine a list of items and 
identify those they have seen before, or to determine whether 
they have seen a single item before. Multiple-choice and true-
false exams are types of recognition tests. For example, a 
recognition test on the list of words above might ask, “Which of 
the following words appeared on the list? (a) plant (b) driver (c) 
strin
can  
bein
as correct when someone else supplies it. Likewise, adults 
sho  
hav  
easi
 
In s  
exam

James Fenimore,” you might recall American writer James 

g (d) radio.” People can often recognize items that they 
not recall. You have probably had the experience of not
g able to answer a question but then recognizing an answer 

wn yearbook pictures of their high-school classmates often
e difficulty recalling the classmates’ names, but they can
ly pick the classmates’ names out of a list. 

ome cases, recall can be better than recognition. For
ple, if asked, “Do you know a famous person named

ou might answer “no.” However, given the cue 
 

Cooper?” y
“
Fenimore Cooper, even though you did not recognize the 
surname by itself. 
 
   Implicit Memory
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Implicit memory refers to using stored information without 
trying to retrieve it. People often retain and use prior 
experiences without realizing it. For example, suppose that the 
word serendipity is not part of your normal working vocabulary, 
and one day you hear the word used in a conversation. A day 
later you find yourself using the word in conversation and 
wonder why. The earlier exposure to the word primed you to 
retrieve it automatically in the right situation without intending 



to do so. 
 
Another example of implicit memory in everyday life is 
unintentional plagiarism. That is, people can copy the ideas of 
others without being aware they are doing so. The most famous 
case involved British singer-songwriter George Harrison, 
formerly of the Beatles. Harrison was sued because his 1970 hit 
song “My Sweet Lord” sounded strikingly similar to “He’s So 
Fine,” a 1963 hit by The Chiffons. Harrison denied that he had 

tentionally copied the earlier song but admitted that he had 

or word “stems” 
s______ or bo_____) and are instructed to complete the 

urs even if the subjects do not remember 
tudying the words before—strong evidence of implicit memory. 

in
heard it before writing “My Sweet Lord.” In 1976 a judge ruled 
against Harrison, concluding that the singer had been 
unconsciously influenced by his memory. 
 
Psychologists use the term priming to describe the relatively 
automatic change in performance resulting from prior exposure 
to information. Priming occurs even when people do not 
consciously remember being exposed to the information. One 
way to look for evidence of implicit memory, therefore, is to 
measure priming effects. In typical implicit memory experiments, 
subjects study a long list of words, such as assassin and 
boyhood. Later, subjects are presented with a series of word 
fragments (such as a_ _a_ _in and b_ _ho_d) 
(a
fragment or stem with the first word that comes to mind. The 
subjects are not explicitly asked to recall the list words. 
Nevertheless, the previous presentation of assassin and 
boyhood primes subjects to complete the fragments with these 
words more often than would be expected by guessing. This 
priming effect occ
s
The hallmark of all im ts is that people are not plicit memory tes
required to remembe rather, they are given a task, and past r; 
experience is express  on the test relatively automatically. 
 
Remarkably, even amnesic individuals show implicit memory. In 
one experiment, amnesic patients and normal subjects studied 
lists of words and then were given both an explicit memory test 
(free recall) and an implicit memory test (word-stem completion). 
Relative to control subjects, the amnesic patients failed 
miserably at the free-recall test. Due to their memory disorder, 
they could consciously remember very few of the list words. On 
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ed



the implicit test, however, the amnesic patients performed as 
ell or better than the normal subjects. Even though the 

n to the appearance, 
e sound, or the meaning of words has a huge effect on how 

w
amnesic patients could not consciously access the desired 
information, they expressed prior learning in the form of priming 
on the implicit memory test. They retained the information 
without knowing it. 
 
Studies have found that a person’s performance on implicit 
memory tests can be relatively independent of his or her 
performance on explicit tests. Some factors that have large 
effects on explicit memory test performance have no effect—or 
even the opposite effect—on implicit memory test performance. 
For example, whether people pay attentio
th
well they can explicitly recall the words later. But this variable 
has practically no effect on their implicit memory test 
performance. Implicit tests seem to tap a different form of 
memory. 
 
   Retrieval Cues
   
One fascinating feature of remembering is how a cue from the 
external world can cause us to suddenly remember something 
from years ago. For example, returning to where you once lived 
or went to school may bring back memories of events 
experienced long ago. Sights, sounds, and smells can all trigger 
recall of long dormant events. These experiences point to the 
critical nature of retrieval in remembering. 
 
A retrieval cue is any stimulus that helps us recall information in 
long-term memory. The fact that retrieval cues can provoke 
powerful recollections has led some researchers to speculate 
that perhaps all memories are permanent. That is, perhaps 

early all experiences are recorded in memory for a lifetime, and n
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all forgetting is due not to the actual loss of memories but to our 
inability to retrieve them. This idea is an interesting one, but 
most memory researchers believe it is probably wrong. 
 
Two general principles govern the effectiveness of retrieval 
cues. One is called the encoding specificity principle. According 
to this principle, stimuli may act as retrieval cues for an 



experience if they were encoded with the experience. Pictures, 
words, sounds, or smells will cause us to remember an 
experience to the extent that they are similar to the features of 
the experience that we encoded into memory. For example, the 
smell of cotton candy may trigger your memory of a specific 
amusement park because you smelled cotton candy there. 

recall the picture of the elephant because the cue is no 
nger distinctive. Distinctive cues specify one or a few items of 
formation. 

rapists working with 

aycheck 

 
Distinctiveness is another principle that determines the effect-
tiveness of retrieval cues. Suppose a group of people is 
instructed to study a list of 100 items. Ninety-nine are words, but 
one item in the middle of the list is a picture of an elephant. If 
people were given the retrieval cue “Which item was the 
picture?” almost everyone would remember the elephant. 
However, suppose another group of people was given a different 
100-item list in which the elephant picture appeared in the same 
position, but all the other items were also pictures of other 
objects and animals. Now the retrieval cue would not enable 
people to 
lo
in
 
Overt cues such as sights and sounds can clearly induce re-
membering. But evidence indicates that more subtle cues, such 
as moods and physiological states, can also influence our ability 
to recall events. State-dependent memory refers to the 
phenomenon in which people can retrieve information better if 
they are in the same physiological state as when they learned 
the information. The initial observations that aroused interest in 
state-dependent memory came from the
alcoholic patients. When sober, patients often could not 
remember some act they performed when intoxicated. For 
example, they might put away a paycheck while intoxicated and 
then forget where they put it. This memory failure is not 
surprising, because alcohol and other depressant drugs (such 
as marijuana, sedatives, and even antihistamines) are known to 
impair learning and memory. However, in the case of the 
alcoholics, if they got drunk again after a period of abstinence, 
they sometimes recovered the memory of where the p
w
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as. This observation suggested that perhaps drug-induced 
states function as a retrieval cue. 
 
A number of studies have confirmed this hypothesis. In one 



typical experiment, volunteers drank an alcoholic or 
nonalcoholic beverage before studying a list of words. A day 
later, the same subjects were asked to recall as many of the 
words as they could, either in the same state as they were in 
during the learning phase (intoxicated or sober) or in a different 
state. Not surprisingly, individuals intoxicated during learning 

ut sober during the test did worse at recall than those sober 

during both phases remembered less than those 
ho were sober during both phases. 

b
during both phases. In addition, people who studied material 
sober and then were tested while intoxicated did worse than 
those sober for both phases. The most interesting finding, 
however, was that people intoxicated during both the learning 
and test phase did much better at recall than those who were 
intoxicated only during learning, showing the effect of state-
dependent memory (see the chart entitled “State-Dependent 
Memory”). When people are in the same state during study and 
testing, their recall is better than those tested in a different state. 
However, one should not conclude that alcohol improves 
memory. As noted, alcohol and other depressant drugs usually 
impair memory and most other cognitive processes. Those who 
had alcohol 
w
 
Psychologists have also studied the topic of mood-dependent 
memory. If people are in a sad mood when exposed to 
information, will they remember it better later if they are in a sad 
mood when they try to retrieve it? Although experiments testing 
this idea have produced mixed results, most find evidence for 
mood-dependent memory. Recall tests are usually more 
sensitive to mood- and state-dependent effects than are 
recognition or implicit memory tests. Recognition tests may 
provide powerful retrieval cues that overshadow the effects of 
more subtle state and mood cues. 
 
Mood- and state-dependent memory effects are further examples 
of the encoding specificity principle. If mood or drug state is 
encoded as part of the learning experience, then providing this 
cue during retrieval enhances performance. 
 
   Curious Phenomena of Retrieval
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Psychologists have explored several puzzling phenomena of 



retrieval that nearly everyone has experienced. These include 
déjà vu, jamais vu, flashbulb memories, and the tip-of-the-
tongue state.  
 

  Déjà Vu and Jamais Vu
   

The sense of déjà vu (French for “seen before”) is the strange 
sensation of having been somewhere before, or experienced 
your current situation before, even though you know you have 
not. One possible explanation of déjà vu is that aspects of the 
current situation act as retrieval cues that unconsciously evoke 
an earlier experience, resulting in an eerie sense of familiarity. 
Another puzzling phenomenon is the sense of jamais vu (French 
for “never seen”). This feeling arises when people feel they are 
experiencing something for the first time, even though they 
know they must have experienced it before. The encoding 
specificity principle may partly explain jamais vu; despite the 
overt similarity of the current and past situations, the cues of the 
current situation do not match the encoded features of the 
earlier situation. 
 
   Flashbulb Memories
   
A flashbulb memory is an unusually vivid memory of an 
especially emotional or dramatic past event. For example, the 
death of Princess Diana in 1997 created a flashbulb memory for 
many people. People remember where they were when they 
heard the news, whom they heard it from, and other seemingly 
fine details of the event and how they learned of it. Examples of 
other public events for which many people have flashbulb 
memories are the assassination of U.S. President John F. 

by, being in a car 
ccident, and so on. 

re flashbulb memories as accurate as they seem? In one study, 

Kennedy in 1963, the explosion of the space shuttle Challenger 
in 1986, and the bombing of the Oklahoma City federal building 
in 1995. Flashbulb memories may also be associated with vivid 
emotional experiences in one’s own life: the death of a family 
member or close friend, the birth of a ba
a
 
A
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people were asked the day after the Challenger explosion to 
report how they learned about the news. Two years later the 



same people were asked the same question. One-third of the 
people gave answers different from the ones they originally 
reported. For example, some people initially reported hearing 

bout the event from a friend, but then two years later claimed to 
have gotten the news from television. Therefore, flashbulb 
memories are not faultless, as is often supposed. 

a

 
Flashbulb memories may seem particularly vivid for a variety of 
reasons. First, the events are usually quite distinctive and hence 
memorable. In addition, many studies show that events causing 
strong emotion (either positive or negative) are usually well 
remembered. Finally, people often think about and discuss 
striking events with others, and this periodic rehearsal may help 
to increase retention of the memory. 
 
   Tip-of-the-Tongue State
   
Another curious phenomenon is the tip-of-the-tongue state. This 
term refers to the situation in which a person tries to retrieve a 
relatively familiar word, name, or fact, but cannot quite do so. 

lthough the missing item seems almost within grasp, its 
trieval eludes the e. The feeling has been 

escribed as like b ng on the brink of a sneeze. Most people 

of-the tongue state is that the intruding 

A
re  person for some tim
d
r

e
e

i
-egard the tip-of-th tongue state as mildly unpleasant and its 

eventual resolution, if and when it comes, as a relief. Studies 
have shown that older adults are more prone to the tip-of-the-
tongue phenomenon than are younger adults, although people 
of all ages report the experience.  
 
Often when a person cannot retrieve the correct bit of 
information, some other wrong item intrudes into one’s 
thoughts. For example, in trying to remember the name of a 
short, slobbering breed of dog with long ears and a sad face, a 
person might repeatedly retrieve beagle but know that it is not 
the right answer. Eventually the person might recover the 
sought-after name, basset hound. 
 
One theory of the tip-
it
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em essentially clogs the retrieval mechanism and prevents 
retrieval of the correct item. That is, the person cannot think of 
basset hound because beagle gets in the way and blocks 



retrieval of the correct name. Another idea is that the 
phenomenon occurs when a person has only partial information 
that is simply insufficient to retrieve the correct item, so the 
failure is one of activation of the target item (basset hound in 
this example). Both the partial activation theory and the blocking 
theory could be partly correct in explaining the tip-of-the-tongue 

henomenon. p
 
   ACCURACY AND DISTORTION OF MEMORY 
   
One of the most controversial issues in the study of memory is 
the accuracy of recollections, especially over long periods of 
time. We would like to believe that our cherished memories of 

hildhood and other periods in our life are faithful renditions ofc  
e past. Howeve d many experiments 
ow that memor  confidence—can be 

uite erroneous. 

se was that she had made up 
e entire kidnapping story to attract sympathy and scratched 

id

 Memory Reconstruction

th
sh

r,
ie

 several case studies an
s—even when held with

q
 
The Swiss psychologist Jean Piaget reported a striking case 
from his own past. He had a firm memory from early childhood 
of his nurse fending off an attempted kidnapping, with himself 
as the potential victim. He remembered his nanny pushing him 
in his carriage when a man came up and tried to kidnap him. He 
had a detailed memory of the man, of the location of the event, 
of scratches that his nanny received when she fended off the 
villain, and finally, of a police officer coming to the rescue. 
However, when Piaget was 15 years old, his nanny decided to 
confess her past sins. One of the
th
herself to make it seem real. The events Piaget so viv ly 
remembered from his childhood had never actually occurred! 
Piaget concluded that the false memory was probably implanted 
by the nanny’s frequent retelling of the original story over the 
years. Eventually, the scene became rooted in Piaget’s memory 
as an actual event. 
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Psychologists generally accept the idea that long-term 
memories are reconstructive. That is, rather than containing an 
exact and detailed record of our past, like a video recording, our 



memories are instead more generic. As a better analogy, 
consider paleontologists who must reconstruct a dinosaur from 
bits and pieces of actual bones. They begin with a general idea 
or scheme of what the dinosaur looked like and then fit the bits 
and pieces into the overall framework. Likewise, in 
remembering, we begin with general themes about past events 
and later weave in bits and pieces of detail to develop a coherent 
story. Whether the narrative that we weave today can faithfully 
capture th y cases e distant past is a matter of dispute. In man
psychologists have discovered that recollections can deviate 
greatly from the way the events actually occurred, just as in the 
anecdote about Piaget. 
 
Sir Frederic Bartlett, a British psychologist, argued for the 
reconstructive nature of memory in the 1930s. He introduced the 
term schema and its plural form schemata to refer to the general 
themes that we retain of experience. For example, if you wanted 
to remember a new fairy tale, you would try to integrate 
information from the new tale into your general schema for what 
a fairy tale is. Many researchers have showed that schemata can 
distort the memories that people form of events. That is, people 
will sometimes remove or omit details of an experience from 
memory if they do not fit well with the schema. Similarly, people 
may confidently remember details that did not actually occur 
because they are consistent with the schema. 
 
Another way our cognitive system introduces error is by means 
of inference. Whenever humans encode information, they tend 
to make inferences and assumptions that go beyond the literal 
information given. For example, one study showed that if people 
read a sentence such as “The karate champion hit the cinder 
block,” they would often remember the sentence as “The karate 
champion broke the cinder block.” The remembered version of 
the events is implied by the original sentence but is not literally 
stated there (the champion may have hit the block and not 

roken it). Many meb
e

mory distortions arise from these errors of 
ncoding, in which the information encoded into memory is not 
erally what was perceived but is some extension of it. lit
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   Eyewitness Testimony 
  



 

 
 
 

In 1984 prosecutors indicted seven teachers at the 
McMartin Preschool in Manhattan Beach, California, on 
charges they had sexually abused dozens of children. 
Charges were dropped against five of the teachers, but 
the subsequent trial of Peggy McMartin Buckey, left, 
and her son Ray Buckey, far right, was one of the 
longest and costliest trials in American history. The 
case relied heavily on pretrial interviews of the 
preschool children conducted by therapists. In these 
interviews, the children accused the Buckeys of rape, 
sodomy, satanic rituals, trips to cemeteries to dig up 
bodies, and other bizarre acts. Were the children’s 
memories reliable? Psychologists for the defense 
argued that the therapists essentially taught the 
children scripted stories of abuse using highly 
suggestive and even coercive methods of questioning. 
In 1990 a jury acquitted the Buckeys. Research 
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has 
shown that strong suggestions from a therapist can 
help implant false memories in people and that children 
can be more vulnerable to these suggestions than 
adults  



  
The question of memory distortion has particular importance in 
the courtroom. Each year thousands of people are charged with 
crimes solely on the basis of eyewitness testimony, and in many 
trials an eyewitness’s testimony is the main evidence by which 
juries decide a suspect’s guilt or innocence. Are eyewitnesses’ 
memories accurate? Although eyewitness testimony is often 
correct, psychologists agree that witnesses are not always 
accurate in their recollections of events. We have already 
described how people often remember events in a way that fits 
with their expectations or schema for a situation. In addition, 
evidence shows that memories may be distorted after an event 
has occurred. After experiencing or seeing a crime, an 
eyewitness is exposed to a great deal of further information 
related to the crime. The witness may be interrogated by police, 
by attorneys, and by friends. He or she may also read 
information related to the case. Such information, coming weeks 
or months after the crime, can cause witnesses to reconstruct 
their memory of the crime and change what they say on the 

itness stand. 

Ame ny 
exp an 
reco . In 
one bile 
acci a 
questionnaire about the incident, one item of which asked, 
“Ab r?” 
For some groups of subjects, however, the verb hit was replaced 
by all 
sub tes 
diffe as 
aske rb 
was as 
bum as 
sma
whe . In 
real ith 
the er” 
brok The 
info ed 
with that event, causing it to be remembered in a different way. 
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w
 

rican psychologist Elizabeth Loftus has conducted ma
eriments that demonstrate how eyewitnesses c
nstruct their memories based on misleading information

 study, subjects watched a videotape of an automo
dent involving two cars. Later they were given 

out how fast were the cars going when they hit each othe

smashed, collided, bumped, or contacted. Although 
jects viewed the same videotape, their speed estima
red considerably as a function of how the question w
d. The average speed estimate was 32 mph when the ve

 contacted, 34 mph when it was hit, 38 mph when it w
ped, 39 mph when it was collided, and 41 mph when it w
shed. In a follow-up study, subjects were asked a week later 
ther there was any broken glass at the accident scene
ity, the film showed no broken glass. Those questioned w
word smashed were more than twice as likely to “rememb
en glass than those asked the question with hit. 

rmation coming in after the original event was integrat



 
This study, and dozens of others like it, shows the power of 
leading questions: The form in which the question is asked 
helps determine its answer. Our memories are not encapsulated 
little packets lying in the brain undisturbed until they are needed 
for retrieval. Rather, people are prone to the misinformation 
effect—the tendency to distort one’s memory of an event when 
later exposed to misleading information about it. Eyewitnesses’ 
testimony can be tainted and altered by information they hear or 
see after the critical event in question. Therefore, in court cases 
one must carefully consider whether the testimony of an 
eyewitness could possibly have been altered through 
misleading suggestions provided between the time of the crime 
and the court case. 
 
The problem of determining whether memories are accurate is 
even more difficult when children are the witnesses. Research 
shows that in some situations children are more prone to 
memory distortions than are young adults. In addition, older 
adults (over 70 years of age) often show a greater tendency to 

emory distortion than do ym ounger adults. 
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Even though psychologists have shown that memories can be 
distorted and that people can remember things that never 
occurred, our memories are certainly not totally faulty. Usually 
memory does capture the gist of events that have occurred to 
us, even if details may be readily distorted.  
 
  Recovered Memories
   
Can people recover memories of childhood experiences in 
adulthood, ones that they had never thought about since 
childhood? Can a powerful retrieval cue suddenly trigger a 
memory for some long-lost event? Although these questions are 
interesting, scientific evidence does not yet exist to answer 
them convincingly. Of course, people often do remember 
childhood experiences quite clearly, but these memories are 
usually of significant events that have been repeatedly retrieved 
over the years. The questions above, on the other hand, pertain 
to unique events that have not been repeatedly retrieved. Can 
people remember something when they are 40 years old that 



happened to them when they were 10 years old—something that 

e recovery is gradual, occurring 
ver days and weeks. After recovering the memory, the person 

memories. 
roponents of their accuracy believe in the theory of repression, 

ey can be retrieved 
ith relative accuracy. Critics point out that there is little 
vidence support ssion, aside from some 
eports on indiv ual cases. The critics believe that the 

they have never thought about during the intervening 30 years? 
Such questions take on renewed relevance in what is called the 
recovered memory controversy. Although the term recovered 
memory could be applied to retrieval of any memory from the 
distant past, it is normally used to refer to a particular type of 
case in contemporary psychology: the long-delayed recovery of 
sexual abuse in childhood. In a typical case, a person—often, 
but not always, undergoing psychotherapy—claims to recover a 
memory of some horrific childhood event. The prototypical case 
involves an adult woman recovering a memory of being sexually 
abused by a male figure from her childhood, such as being 
raped by a father, uncle, or teacher. Sometimes the memory is 
recovered suddenly, but often th
o
may confront and accuse the individual deemed responsible, or 
even take the person to court. The accused person almost 
always vehemently denies the allegation and claims the events 
never took place. Who is to be believed? 
 
A huge debate swirls over the accuracy of recovered 
P
which is discussed in a subsequent section of this article. 
According to this theory, memories for terrible events 
(especially of a sexual nature) can be repressed, or banished to 
an unconscious state. The memories may lie dormant for years, 
but with great effort and appropriate cues, th
w
e ing the concept of repre
r
p

i
i
d
ve
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rocesses that g  rise to false memories—suggestion and 
imagination—may better explain the phenomenon of recovered 
memories. 
 
Without corroborating evidence, there is no way to check the 
accuracy of recovered memories. Thus, even though people may 
sincerely believe they have recovered a memory of an event 
from their distant past, the event usually remains a matter of 
belief, not of fact. Because psychologists know so little about 
recovery of distant memories, even of normal experiences, the 
debate over recovered memories is not likely to be resolved 
soon.   



   WHY PEOPLE FORGET
   
Forgetting is defined as the loss of information over time. Under 
most conditions, people recall information better soon after 
learning it than after a long delay; as time passes, they forget 
some of the information. We have all failed to remember some 
bit of information when we need it, so we often see forgetting as 
a bother. However, forgetting can also be useful because we 
need to continually update our memories. When we move and 
receive a new telephone number, we need to forget the old one 
and learn the new one. If you park your car every day on a large 
lot, you need to remember where you parked it today and not 
yesterday or the day before. Thus, forgetting can have an 
adaptive function. 
 
   Rate of Forgetting
   
The subject of forgetting is one of the oldest topics in 

 of trials it took him to relearn the list. By conducting 

experimental psychology. German philosopher Hermann 
Ebbinghaus initiated the scientific study of human memory in 
experiments that he began in 1879 and published in 1885 in his 
book, On Memory. Ebbinghaus developed an ingenious way to 
measure forgetting. In order to avoid the influence of familiar 
material, he created dozens of lists of nonsense syllables, which 
consisted of pronounceable but meaningless three-letter 
combinations such as XAK or CUV. He would learn a list by 
repeating the items in it over and over, until he could recite the 
list once without error. He would note how many trials or how 
long it took him to learn the list. He then tested his memory of 
the list after an interval ranging from 20 minutes to 31 days. He 
measured how much he had forgotten by the amount of time or 
the number
th
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is experiment with many lists, Ebbinghaus found that the rate 
of forgetting was relatively consistent. Forgetting occurred 
relatively rapidly at first and then seemed to level off over time. 
Other psychologists have since confirmed that the general 
shape of the forgetting curve holds true for many different types 
of material. Some researchers have argued that with very well 
learned material; the curve eventually flattens out, showing no 
additional forgetting over time. 
 



 
  

Duration of Working Memory 
People rapidly forget information in working memory if they do 
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not attend to it. This graph shows the results of a study in which 
subjects heard an experimenter speak three letters. The subjects 
were directed to repeat back the letters after being distracted by 
another task during a short interval. The longer the delay, the 
less likely people were to recall the letters. 
  
Ebbinghaus’s forgetting curve illustrated the loss of information 
from long-term memory. Researchers have also studied rate of 
forgetting for short-term or working memory. In one experiment, 
subjects heard an experimenter speak a three-letter combination 
(such as CYG or FTQ). The subjects’ task was to repeat back the 
three letters after a delay of 3, 6, 9, 12, 15, or 18 seconds. To 
prevent subjects from mentally rehearsing the letters during the 
delay, they were instructed to count backward by threes from a 
random three-digit number, such as 361, until signaled to recall 
the letters. As shown in the accompanying chart entitled 
“Duration of Working Memory,” forgetting occurs very rapidly in 
this situation. Nevertheless, it follows the same general pattern 
as in long-term memory, with sharp forgetting at first and then a 
declining rate of forgetting. Psychologists have debated for 
many years whether short-term and long-term forgetting have 
similar or different explanations 
 



   Decay Theory of Forgetting
   
The oldest idea about forgetting is that it is simply caused by 
decay. That is, memory traces are formed in the brain when we 
learn information, and they gradually disintegrate over time. 
Although decay theory was accepted as a general explanation of 
forgetting for many years, most psychologists do not lend it 
credence today for several reasons. First, decay theory does not 
really provide an explanation of forgetting, but merely a 
description. That is, time by itself is not a causative agent; 
rather, processes operating over time cause effects. Consider a 
bicycle left out in the rain that has rusted. If someone asked why 
it rusted, he or she would not be satisfied with the answer of 
“time out in the rain.” A more accurate explanation would refer 
to oxidation processes operating over time as the cause of the 
rusty bicycle. Likewise, memory

ve it perfectly well at 

 decay merely describes the fact 
he processes that cause it. of forgetting, not t

 
The second problem for decay theory is the phenomenon of 
reminiscence, the fact that sometimes memories actually 
recover over time. Experiments confirm an observation 
experienced by most people: One can forget some information 

t one point in time and yet be able to retriea
a later point. This feat would be impossible if memories 
inevitably decayed further over time. A final reason that decay 
theory is no longer accepted is that researchers accumulated 
support for a different theory—that interference processes 
cause forgetting. 
 
   Interference Theory of Forgetting
   
According to many psychologists, forgetting occurs because of 
interference from other information or activities over time. A 
now-classic experiment conducted in 1924 by two American 
psychologists, John Jenkins and Karl Dallenbach, provided the 
first evidence for the role of interference in forgetting. The 
experimenters enlisted two students to learn lists of nonsense 
syllables either late at night (just before going to bed) or the first 
thing in the morning (just after getting up). The researchers then 

sted the students’ memories of the syllables after one, two, 
four, or eight hours. If the students learned the material just 

 50

te



before bed, they n the study session 
nd the test. If they learned the material just after waking, they 

 slept during the time betwee
a
were awake dur  the interval before testing. The researchers’ 
results are shown in the accompanying chart entitled, 

ing

“Forgetting in Sleep and Waking.” The students forgot 
significantly more while they were awake than while they were 
asleep. Even when wakened from a sound sleep, they 
remembered the syllables better than when they returned to the 
lab for testing during the day. If decay of memories occurred 
automatically with the passage of time, the rate of forgetting 
should have been the same during sleep and waking. What 
seemed to cause forgetting was not time itself, but interference 
from activities and events occurring over time. 
 
There are two types of interference. Proactive interference 
occurs when prior learning or experience interferes with our 
ability to recall newer information. For example, suppose you 
studied Spanish in tenth grade and French in eleventh grade. If 
you then took a French vocabulary test much later, your earlier 
study of Spanish vocabulary might interfere with your ability to 
remember the correct French translations. Retroactive 
interference occurs when new information interferes with our 
ability to recall earlier information or experiences. For example, 
try to remember what you had for lunch five days ago. The 
lunches you have had for the intervening four days probably 
interfere with your ability to remember this event. Both proactive 
and retroactive interference can have devastating effects on 
remembering. 
 
   Repression
   
A
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nother possible cause of forgetting resides in the concept of 
repression, which refers to forgetting an unpleasant event or 
piece of information due to its threatening quality. The idea of 
repression was introduced in the late 19th century by Austrian 
physician Sigmund Freud, the founder of psychoanalysis. 
According to Freudian theory, people banish unpleasant events 
into their unconscious mind. However, repressed memories may 
continue to unconsciously influence people’s attitudes and 
behaviors and may result in unpleasant side effects, such as 
unusual physical symptoms and slips of speech. A simple 



example of repression might be forgetting a dentist appointment 
or some other unpleasant daily activity. Some theorists believe 
that it is possible to forget entire episodes of the past—such as 
being sexually abused as a child—due to repression. The 
concept of repression is complicated and difficult to study 
scientifically. Most evidence exists in the form of case studies 
that are usually open to multiple interpretations. For this reason, 
many memory researchers are skeptical of repression as an 
explanation of forgetting, although this verdict is by no means 
unanimous.  
 

  
BIOLOGICAL BASIS OF MEMORY 

 
One of the most exciting topics of scientific investi ation lies in 
cognitive neuroscience: How do physical processes in the brain 
give rise to our psychological experiences? In particular, a great 
deal of research is trying to uncover the biological basis of 
learning and memory. How does the brain code experience so 
that it can be later remembered? Where do memory processes 
occur in the brain? 
 
In the early and mid-1900s, psychologists engaged in the 
“search for the engram.” They used the term engram to refer to 
the physical change in the nervous system that occurs as a 
result of experience. (Today most psychologists use the term 
memory trace to describe the same thing.) The researchers 
hoped to find some particular location in the brain where 

emories were

g

 stored. This early work, conducted mostly with 
nimals, failed to find a specific locus of memory in the brain. 

example, American p  Karl Lashley trained rats to 
o  a maze, then surgically removed various parts of the rats’ 

m
a
For sychologist
s lve
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brains. No matter what part of the brain he removed, the rats 
always retained at least some ability to solve the maze. From 
such research, psychologists concluded that memory is 
distributed across the brain, not localized in one place. 
 
   Brain Structures Involved in Memory
   
Modern research confirms the hypothesis that memories are not 
localized in one place in the brain, but rather involve interacting 
circuits operating across the brain. Many of the neural regions 



used in perceiving and attending to information seem also to be 
involved in the encoding and subsequent retrieval of 
information. Thus, although different brain regions perform 
different memory-related processes, the memories themselves 
do not appear to reside in any particular place. 
 

 
 
The limbic system is a group of brain structures that play a role 
in memory, emotion, and motivation. The hippocampus and 
surrounding structures are thought to play crucial roles in the 
encoding and retrieval of memories. The amygdala, a structure 
that helps to regulate emotion, seems to play a role in emotional 
memories. 

  
The hippocampus is thought to be one of the most important 
brain structures involved in memory. The case of the patient 
H.M. (only his initials were used to preserve his anonymity), one 
of the most famous case studies in neuropsychology, strikingly 
demonstrates the importance of the hippocampus. In 1953, as a 
27-year-old man, H.M. underwent brain surgery to control severe 

pileptic seizures. The surgeons removed his medial temporal 
bes, whic , the amygdala, 

nd surr nding structures. Although the operation 

e
lo h included most of the hippocampus
a ou
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successfully controlled H.M.’s seizures, it had an altogether 
unexpected and devastating side effect: H.M. was unable to form 
new long-term memories in a way that he could later retrieve 



them. That is, he could not remember anything that happened to 
him after the surgery. His memory of events prior to the surgery 
was mostly intact, and his reasoning and thinking skills 
remained strong. But he could not remember meeting new 
people or new experiences for more than a few minutes. 

esearchers concluded that the hippocampus and its 
surrounding structures in the medial temporal lobe play a 
critical role in the encoding of episodic memories, especially in 
binding elements of memories together to locate the memories 
in particular times and places. 
 
Further evidence for the importance of the hippocampus and 
other regions of the brain in human memory has been provided 
by advanced brain imaging techniques, such as positron 
emission tomography (PET) and functional magnetic resonance 
imaging (fMRI). Brain imaging methods allow researchers to see 
the activity of the living human brain on a computer screen as a 
person engages in different types of cognitive tasks, such as 
reading, solving math problems, or memorizing a list of words. 
These scanning methods take advantage of the fact that when a 
brain region becomes active, the rate at which neurons (brain 

ells) fire increases within this region. Increased neuronal firin

R

c g 
in a region causes an increase in blood flow to that region, 
which the scanners can measure. Therefore, if a person is 
encoding new information into memory and the hippocampus is 
active during encoding, we would expect to see increased blood 
flow to the hippocampus. This is exactly the pattern observed in 
most studies. 
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Neuroimaging techniques have revealed other brain regions 
involved in memory. The frontal lobes play an important role in 
encoding and retrieving memories. For example, certain areas of 
the left frontal lobe seem especially active during encoding of 
memories, whereas those in the right frontal lobe are more 
active during retrieval. An area in the right anterior prefrontal 
cortex becomes active when a person is trying to retrieve a 
previously experienced episode. Some evidence indicates that 
this region may be even more active when the retrieval attempt 
is successful—that is, when the person not only attempts to 
remember but is able to remember some previous occurrence. 
  
 



   Biochemistry of Memory
   
The study of the biochemistry of memory is another exciting 
scientific enterprise, but one that can only be touched upon 
here. Scientists estimate that an adult human brain contains 
about 100 billion neurons. Each of these is connected to 
hundreds or thousands of other neurons, forming trillions of 
neural connections. Neurons communicate by chemical 
messengers called neurotransmitters. An electrical signal 

avels along the neuron, triggering the release of tr
neurotransmitters at the synapse, the small gap between 
neurons. The neurotransmitters travel across the synapse and 
act on the next neuron by binding with protein molecules called 
receptors. Most scientists believe that memories are somehow 
stored among the brain’s trillions of synapses, rather than in the 
neurons themselves. 
 
Scientists who study the biochemistry of learning and memory 
often focus on the marine snail Aplysia because its simple 
nervous system allows them to study the effects of various 
stimuli on specific synapses. A change in the snail’s behavior 
due to learning can be correlated with a change at the level of 
the synapse. One exciting scientific frontier is discovering the 
changes in neurotransmitters that occur at the level of the 
synapse. 
 
Other researchers have implicated glucose (a sugar) and insulin 
(a hormone secreted by the pancreas) as important to learning 
and memory. Humans and other animals given these substances 
show an improved capacity to learn and remember. Typically, 
when animals or humans ingest glucose, the pancreas responds 
by increasing insulin production, so it is difficult to determine 
which substance contributes to improved performance. Some 
studies in humans that have systematically varied the amount of 
glucose and insulin in the blood have shown that insulin may be 
the more important of the two substances for learning. 
 
Scientists also have examined the influence of genes on 
learning and memory. In one study, scientists bred strains of 

ice with extra copies of a gene that helps build a protein callem d 
-methyl-D-aspartate, or NMDA. This protein acts as a receptor 
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N



for certain neur  altered mice 
utperformed nor l mice on a variety of tests of learning and 

otransmitters. The genetically
o
m

ma
emory. In addition, other studies have found that chemically 

blocking NMDA receptors impairs learning in laboratory rats. 
Future discoveries from genetic and biochemical studies may 
lead to treatments for memory deficits from Alzheimer’s disease 
and other conditions that affect memory. 
 
   MEMORY IMPAIRMENT: THE AMNESIAS 
   
Amnesia means loss of memory. There are many different types 
of amnesias, but they fall into two major classes according to 
their cause: functional amnesia and organic amnesia. Functional 
amnesia refers to memory disorders that seem to result from 
psychological trauma, not an injury to the brain. Organic 
amnesia involves memory loss caused by specific malfunctions 

 the brain. Another type of amnesia is infantile amnesia, which in
refers to the fact that most people lack specific memories of the 
first few years of their life. 
 
   Functional Amnesia
   
Severe psychological trauma can sometimes cause functional 
amnesia. People with functional amnesia seem to have nothing 

hysicallyp  wrong with their brain, even though the traumatic 

 

event presumably affects their brain in some way. In dissociative 
amnesia (sometimes called limited amnesia), a person loses 
memory of some important past experiences. For example, a 
person victimized by a crime may lose his or her memory for the 
event. Soldiers returning from battle sometimes experience 
similar symptoms. 
 
Another type of functional amnesia is dissociative fugue, also 
referred to as functional retrograde amnesia. People with this 
disorder have much more extensive forgetting that may obscure 

eir whole past. They commonly forget their personal identityth
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and personal memories, and they often unexpectedly wander 
away from home. Typically the fugue state ends by itself within a 
few days or weeks. Often, after recovery the individual fails to 
remember anything that occurred during the fugue state. 
 



Dissociative identity disorder, also called multiple personality 
disorder, is a type of amnesia in which a person appears to have 
two or more distinct personal identities. These identities 
alternate in their control of the individual’s conscious 
experiences, thoughts, and actions. In many cases, the person’s 
primary identity cannot recall what happened while the 
individual was controlled by another identity. 

lthough nc eme of 
levision shows and movies, relatively few well-documented 

 
A  fu tional amnesias are a recurrent th
te
cases exi t in the scientific literature. Most experts believe that 
these conditions do exist, but that they are exceedingly rare. 
 
   Organic Amnesia

s  

   
Organic amnesia refers to any traumatic forgetting that is 
produced by specific brain damage. Typically, these amnesias 
occur as part of brain disorders caused by tumors, strokes, 
head trauma, or degenerative diseases, such as Alzheimer’s 

isease. However, certain psychoactive drugs (drugs affecting 
ood or behavior) as can certain dietary 
eficiencies and e troconvulsive therapy for depression. 

peration. Somewhat surprisingly, this severe 

d
m can cause amnesia, 
d
O

lec
arganic amnesias m y be temporary or permanent. Amnesia 

resulting from a mild concussion or from electroconvulsive 
therapy is usually temporary, whereas severe head injuries may 
lead to permanent memory loss. 
 
The case of the patient H.M., described earlier in this article, is 
an example of organic amnesia. In 1953 brain surgery for 
epilepsy left H.M. with dramatic anterograde amnesia, meaning 
he was unable to remember new information and events that 
occurred after his o
impairment in the ability to learn new information was 
accompanied by no detectable impairment in his general 
intellectual ability or in his ability to use or understand 
language. H.M. also showed some retrograde amnesia, or 
inability to remember events before the onset of the surgery. For 
example, he could not recall that his favorite uncle had died 
three years earlier. Still, most of his general knowledge was 
intact, and he performed well on a test of famous faces (of 

eople who had become famous prior to 1950). 
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Studies of H.M. and other amnesic patients have provided 
surprising insights into the workings of memory. One 
remarkable finding is that even though H.M. had severe 
anterograde amnesia, he (and other amnesic patients like him) 
still performed normally on tests of implicit memory. For 
example, H.M. could learn new motor skills, even though he 

ould have no conscious memory of doing so. Even in dense, or 

orsakoff’s syndrome, also called Korsakoff’s psychosis, is a 
sorder that produc n permanent amnesia. In 
is condition, years of chronic alcoholism and thiamine 

ry. 

w
severe, amnesias, not all memory abilities are impaired. For 
more information on implicit memory, see the Implicit Memory 
section of this article. 
 
K
di es severe and ofte
th
(vitamin B1) deficiency cause brain damage, particularly to the 
thalamus, which helps process sensory information, and to the 
mammillary bodies, which lie beneath the thalamus. Some 
patients also have damage to the cortex and cerebellum. 
Korsakoff’s patients show severe anterograde amnesia, or 
difficulty learning anything new. In addition, most suffer from 
retrograde amnesia ranging from mild to severe and typically 
cannot remember recent experiences. The condition is also 
associated with other intellectual deficits, such as confusion 
and disorientation. Korsakoff’s syndrome is named after Sergei 
Korsakov (Korsakoff), the Russian neurologist who first 
described it in the late 19th centu
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Amnesia also occurs in Alzheimer’s disease, a condition in 
which the neurons in the brain gradually degenerate, hindering 
brain function. Damage to the hippocampus and frontal lobes 
impairs memory. Many other types of organic amnesias exist. 
For example, in large doses, most depressant drugs can cause 
acute loss of memory. With severe alcohol or marijuana 
intoxication, people often forget events that occurred while 
under influence of the drug. 
 
   Infantile Amnesia
   
Infantile amnesia, also called childhood amnesia, refers to the 
fact that people can remember very little about the first few 



years of their life. Surveys have shown that most people report 

mber events that occurred before they 
astered language. In this view, language provides a system of 

their earliest memory to be between their third and fourth 
birthdays. Furthermore, people’s memories of childhood 
generally do not become a continuous narrative until after about 
seven years of age. 
 
Psychologists do not know what causes infantile amnesia, but 
they have several theories. One view is that brain structures 
critical to memory are too immature during the first few years of 
life to record long-term memories. Another theory is that 
children cannot reme
m
symbolic representation by which people develop narrative 
stories of their lives. Such a narrative framework may be 
necessary for people to remember autobiographical events in a 
coherent context. 
 
The phenomenon of infantile amnesia does not mean that 
infants and young children cannot learn. After all, babies learn 
to stand, walk, and talk. Scientific evidence indicates that even 
young infants can learn and retain information well. For 
example, one experiment found that three-month-old babies 
could learn that kicking their legs moves a mobile over their 
crib. Up to a month later, the babies could still demonstrate their 
knowledge that kicking moved the mobile. Infants and toddlers 
seem to retain implicit memories of their experiences. 

  
 EXCEPTIONAL MEMORY

sychologists have described several cases of exceptional 
emory. Aleksandr R. Luria, a Russian neuropsychologist, 

escribed one of the m t famous cases in his book The Mind of 

   
All people differ somewhat in their ability to remember 
information. However, some individuals have remarkable 
memories and perform feats that normal individuals could never 
hope to achieve. These individuals, sometimes called 
mnemonists (pronounced “nih-MAHN-ists”), are considered to 
have exceptional memory. 
 
P
m
d os
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a Mnemonist (1968). Luria recounted the abilities of S. V. 
Shereshevskii, a man he called S. Luria studied Shereshevskii 



over many years and watched him perform remarkable memory 
feats. However, until Luria began studying these feats, 
Shereshevskii was unaware of how extraordinary his talents 
were. For example, Shereshevskii could study a blackboard full 
of nonsense material and then reproduce it at will years later. He 

ould also memorize long lists of nonsense syllables, extremely c
complex scientific formulas, and numbers more than 100 digits 
long. In each case, Shereshevskii could recall the information 
flawlessly, even if asked to produce it in reverse order. Luria 
reported one instance in which Shereshevskii was able to recall 
a 50-word list when the test was given without warning 15 years 
after presentation of the list! He recalled all 50 words without a 
single error. 
 
The primary technique Shereshevskii used was mental imagery. 
He generated very rich mental images to represent information. 

 addition, part of his ability might have been due to his 

n people. 
Synesthetic reactions probably improved Shereshevskii’s 
memory because he could encode events in a very elaborate 
way. But they often caused him confusion, too. For example, 

80s and 1990s, Rajan Srinavasen 

In
astonishing capacity for synesthesia. Synesthesia occurs when 
information coming into one sensory modality, such as a sound, 
evokes a sensation in another sensory modality, such as a sight, 
taste, smell, feel, or touch. All people have synesthesia to a 
slight degree. For example, certain colors may “feel” warm or 
cool. However, Shereshevskii’s synesthesia was extremely vivid 
and unusual. For example, Shereshevskii once told a colleague 
of Luria’s, “What a crumbly yellow voice you have.” He also 
associated numbers with shapes, colors, and eve

reading was diff lt because each word in a sentence evoked 
its own mental image, interfering with comprehension of the 
sentence as a whole. 
 
A second case of exceptional memory illustrates the talent some 
people display for remembering certain types of material. In a 

eries of tests in the 19

icu

s
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Mahadevan (known as Rajan) demonstrated a remarkable talent 
for remembering numbers, but for other types of material, his 
memory ability tested in the normal range. Rajan memorized the 
mathematical ratio pi, which begins 3.14159 and continues 
indefinitely with no known pattern, to nearly 32,000 decimal 
places! If given a string of digits, within a few seconds he could 



accurately say whether or not the string appears in the first 
32,000 digits of pi. He could also rapidly identify any of the first 
10,000 digits of pi when given a specific decimal place. For 
example, he could tell what digit is in decimal place 6,243 in 
about 12 seconds, and he rarely made errors on this task. Rajan 
demonstrated great skill at learning new numerical information. 
 
Shereshevskii and Rajan scored in the normal range on 
standard intelligence tests. Another group of people, those with 
savant syndrome (formerly called idiot savants), usually score 
low on intelligence tests but have one “island” of outstanding 
cognitive ability. Many children and adults who are deemed 
savants have extraordinary memory. Psychologists have studied 

any cases of savant syndrome, but its nature remains a m
mystery. 
 
Cases of exceptional memory stand as remarkable puzzles 
whose implications for normal memory functioning are unclear. 
In some cases the remarkable talents exemplify techniques 
(such as mental imagery) that are known to magnify normal 
memory ability. These striking cases have not been integrated 
well into the scientific study of memory, but generally stand 
apart as curiosities that cannot yet be explained in any 
meaningful way. 
 
  WAYS TO IMPROVE MEMORY
   
Memory improvement techniques are called mnemonic devices 
or simply mnemonics. Mnemonics have been used since the 
time of the ancient Greeks and Romans. In ancient times, before 
writing was easily accomplished, educated people were trained 

 the art of memoriziin ng. For example, orators had to remember 
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points they wished to make in long speeches. Many of the 
techniques developed thousands of years ago are still used 
today. Modern research has allowed psychologists to better 
understand and refine the techniques. 
 
All mnemonic devices depend upon two basic principles 
discussed earlier in this article: (1) recoding of information into 
forms that are easy to remember, and (2) supplying oneself with 
excellent retrieval cues to recall the information when it is 



needed. For example, many schoolchildren learn the colors of 
the visible spectrum by learning the imaginary name ROY G. 
BIV, which stands for red, orange, yellow, green, blue, indigo, 
violet. Similarly, to remember the names of the Great Lakes, 
remember HOMES (Huron, Ontario, Michigan, Erie, and 
Superior). Both of these examples illustrate the principle of 
ecoding. Several bits of information are repackaged into an 

and the PQ4R method. Research has shown that 
nemonic devices such as these permit greater recall than do 

 

r
acronym that is easier to remember. The letters of the acronym 
serve as retrieval cues that enable recall of the desired 
information. 
 
Psychologists and others have devised much more elaborate 
recoding and decoding schemes. Three of the most common 
mnemonic techniques are the method of loci, the pegword 
method, 
m
strategies that people usually use, such as ordinary rehearsal 
(repeating information to oneself). 
 
   Method of Loci
   
One of the oldest mnemonics is the method of loci (loci is a 
Latin word meaning “places”). This method involves forming 

ivid interactive images between specific lv ocations and items to 
e remembered t of places. For 
stance, you m arious locations 

round your ho : the front sidewalk, the front doorstep, the 

ging from the front door, 
nd so on. When you are at the grocery store and need to 

b
in

. 
i
The first step is to learn a se
ght familiarize yourself with v

a use
front door, the foyer and so on. Once you have permanently 
memorized the locations, you can then use them to recode 
experiences for later recall. You can use the method of loci to 
remember any set of information, such as a grocery list or 
points in a speech. The best strategy is to convert each item of 
information into a vivid mental image by putting it at a familiar 
location where it can be “seen” in the mind. So, for example, you 
might remember a grocery list as bread on the front sidewalk, 
milk on the front porch, bananas han
a
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remember the list, you can mentally walk through the house and 
see what object is in each spot. The locations serve as retrieval 
cues for the desired information. Although this technique may 
seem far-fetched, with a little practice it can prove quite 



effective. In fact, the amount of information one can remember 
using this method is limited only by the number of locations one 
has memorized. 
 
   Pegword Method
   
Another mnemonic that relies on the power of visual imagery is 
called the pegword method. There are many variations on the 
pegword method, but they are all based on the same general 

rinciple. Peop ple learn a series of words that serve as “pegs” on 

d so on. When you need to 
member the list of imply recall the pegwords 
sociated with eac pegwords then serve as 

etrieval cues for the oceries. Peg methods such as this one 

which memories can be “hung.” In one popular scheme, the 
pegwords rhyme with numbers to make the words easy to 
remember: One is a gun, two is a shoe, three is a tree, four is a 
door, five is a hive, six is sticks, seven is heaven, eight is a 
plate, nine is wine, and ten is a hen. To learn the same grocery 
list, one might associate gun and bread by imagining the gun 
shooting the bread. Two is a shoe, so one would imagine a milk 

arton sitting in a giant shoe, anc
re
as

g
h 

roceries, you s
number; the 

r  gr
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permit more flexible access to information than does the method 
of loci. For example, if you want to recite the items backwards 
for some reason, you can do so just as easily as in the forward 
direction. If you need to know the eighth item, you can say 
“eight is a plate” and mentally look at your image for the item on 
the plate. 
 
      PQ4R Method
   
The PQ4R method is a mnemonic technique used for remem-
bering text material. The name is itself a mnemonic device for 
the steps involved. If you are interested in better remembering a 
chapter from a textbook, you should first Preview the 
information by skimming quickly through the chapter and 
looking at the headings. The next step is to form Questions 
about the information. One way to do this is by simply 
converting headings to questions. Using this article as an 
example, you might ask, “What are the ways to improve 
memory?” The third step is to Read the text carefully trying to 
answer the questions. After reading, the next step is to Reflect 



on the material. One way would be to create your own examples 
of how the principles you are reading could be applied. The next 
step is to Recite the material after reading it. That is, put the 

ook aside or look away and try to recall or to recite what you 
ve just read. If you c ind now, you will have 

ttle chance later. The t step in PQ4R is to Review. After you 

b
ha annot bring it to m
li
h

la
a

s
pave read the entire ch ter, go through it again trying to recall 

and to summarize its main points. 
 
Tests of the PQ4R method of reading text material have shown 
its advantages over the way people normally read. However, 
PQ4R method slows reading considerably, so students may not 
use the technique, even though it is more effective. Most 
mnemonic devices involve additional work, but they are well 
worth the investment for improving memory. 
 
 
   Other Techniques
   
The principles of encoding, recoding, and retrieval discussed 
elsewhere in this article suggest other ways that memory can be 
improved. For example, encoding information in an elaborate, 
meaningful way helps in retention. There are many ways to 
encode information meaningfully. When possible, try to convert 
verbal information into mental images. When learning about 
events and facts, try to focus on their meaning rather than their 
superficial characteristics. Relating new information to your 
personal experiences or to what you already know also makes it 
easier to retain the info

 

rmation. 
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Spacing out study sessions is another way to improve your 
memory. That is, if you are going to read a chapter twice before 
a test, retention is better if you allow some time to pass between 
readings, instead of reading the chapter twice in one sitting. 
Overall, spaced learning or spaced practice (learning 
opportunities that are spread out in time) is better than massed 
practice (back-to-back practice, in immediate succession) for 
retaining facts and skills over longer intervals. However, if a test 
occurs soon after learning, massed practice is as good as or 
better than spaced practice. 
 



If you are having difficulty retrieving facts from your memory, try 
to remember the setting in which you originally learned them. 
This advice capitalizes on the encoding specificity principle. The 
more similar the retrieval environment is to the learning 
environment, the easier it will be to retrieve the information 
learned. 
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NERVOUS SYSTEM 
 
   INTRODUCTION
   
Nervous System, those elements within the animal organism 

at are concerned with the reception of stimuli, the 
ansmission of nerve impulses, or the activation of muscle 
echanisms. 

 

th
tr
m
 
  ANATOMY AND FUNCTION

  
e reception of stimuli is the function of special sensory cells. 

he conducting elements of the nervous system are cells called 
eurons; these may be capable of only slow and generalized 
ctivity, or they may be highly efficient and rapidly conducting 
nits. The specific response of the neuron—the nerve impulse—
nd the capacity of the cell to be stimulated make this cell a 
eceiving and transmitting unit capable of transferring 
formation from one part of the body to another. 

Nerve Cell

 
Th
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n
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Each nerve cell consists of a central portion containing the 

ucleus, known as the cell body, and one or more structures 
eferred to as axons and dendrites. The dendrites are rather 
hort extensions of the cell body and are involved in the 
eception of stimuli. The axon, by contrast, is usually a single 
longated extension; it is especially important in the 
ansmission of nerve impulses from the region of the cell body 
 other cells. See Neurophysiology. 

 Simple Systems

n
r
s
r
e
tr
to
 
  
 
Although all many-celled animals have some kind of nervous 

ystem, the complexity of its organization varies considerably 
mong different animal types. In simple animals such as 
llyfish, the nerve cells form a network capable of mediating 
nly a relatively stereotyped response. In more complex 
nimals, such as shellfish, insects, and spiders, the nervous 
ystem is more complicated. The cell bodies of neurons are 

s
a
je
o
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organized in clusters called ganglia. These clusters are 
terconnected by
nglionated chain. Su nd in all vertebrates, in 

hich they represent f the nervous system, 
elated especially to the regulation of the activities of the heart, 

in  the neuronal processes to form a 
ga
w

c
a
h chains are fou
 special part o

r
the glands, and the involuntary muscles. 
 
   Vertebrate Systems
 
Vertebrate animal n which the 

ntral part of the he peripheral part 
xtends througho the remainder of the body. That part of the 

odies conduct 
ense impressions and others conduct muscle responses, 

lled reflexes, such as tho by pain (see Reflex). 

 the muscles, resulting in 
uscular contraction an
ken by the nerve imp this simple response is 
 the form of a two-neuron arc that begins and ends in the 

s 
 n

have a bony spine and skull i
ervous system is housed; tce

e ut 
nervous system located in the skull is referred to as the brain; 
that found in the spine is called the spinal cord. The brain and 
the spinal cord are continuous through an opening in the base 
of the skull; both are also in contact with other parts of the body 
through the nerves. The distinction made between the central 
nervous system and the peripheral nervous system is based on 
the different locations of the two intimately related parts of a 
single system. Some of the processes of the cell b
s
ca se caused 
 
In the skin are cells of several types called receptors; each is 
especially sensitive to particular stimuli. Free nerve endings are 
sensitive to pain and are directly activated. The neurons so 
activated send impulses into the central nervous system and 
have junctions with other cells that have axons extending back 
into the periphery. Impulses are carried from processes of these 
cells to motor endings within the muscles (see Muscle).  
 

hese neuromuscular endings exciteT
m d appropriate movement. The pathway 

lse in mediating ta u
in
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periphery. Many of the actions of the nervous system can be 
explained on the basis of such reflex arcs, which are chains of 
interconnected nerve cells, stimulated at one end and capable of 
bringing about movement or glandular secretion at the other. 
  
 



 
Cranial Nerves  

Whereas most major nerves emerge from the spinal cord, the 12 
pairs of cranial nerves project directly from the brain. All but 1 
pair relay motor or sensory information (or both); the tenth, or 
vagus nerve, affects visceral functions such as heart rate, 
vasoconstriction, and contraction of the smooth muscle found 
in the walls of the trachea, stomach, and intestine. 

  
The cranial nerves connect to the brain by passing through 
openings in the skull, or cranium. Nerves associated with the 
spinal cord pass through openings in the vertebral column and 
are called spinal nerves. Both cranial and spinal nerves consist 
of large numbers of processes that convey impulses to the 

entral nervous system and also carry messages outward; the c
former processes are called afferent, the latter are called 
efferent. Afferent impulses are referred to as sensory; efferent 
impulses are referred to as either somatic or visceral motor, 
according to what part of the body they reach. Most nerves are 
mixed nerves made up of both sensory and motor elements. 
 
The cranial and spinal nerves are paired; the number in humans 
are 12 and 31, respectively. Cranial nerves are distributed to the 
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head and neck regions of the body, with one conspicuous 
exception: the tenth cranial nerve, called the vagus. In addition 
to supplying structures in the neck, the vagus is distributed to 



structures located in the chest and abdomen. Vision, auditory 
and vestibular sensation, and taste are mediated by the second, 
eighth, and seventh cranial nerves, respectively. Cranial nerves 
also mediate motor functions of the head, the eyes, the face, the 
tongue, and the larynx, as well as the muscles that function in 
chewing and swallowing. Spinal nerves, after they exit from the 
vertebrae, are distributed in a bandlike fashion to regions of the 
trunk and to the limbs. They interconnect extensively, thereby 
forming the brachial plexus, which runs to the upper extremities; 
and the lumbar plexus, which passes to the lower limbs. 
 

Autonomic Nervous System  

 

 
 

Autonomic Nervous System 
The autonomic nervous system directs all activities of the 
body that occur without a person’s conscious control, such 
as breathing and food digestion. It has two parts: the 
sympathetic division, which is most active in times of 
stress, and the parasympathetic division, which controls 
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main-tenance activities and helps conserve the body’s 
energy. 
  

Among the motor fibers may be found groups that carry 
impulses to viscera. These fibers are designated by the special 



name of autonomic nervous system. That system consists of 
two divisions, more or less antagonistic in function, that emerge 
from the central nervous system at different points of origin. 
One division, the sympathetic, arises from the middle portion of 
the spinal cord, joins the sympathetic ganglionated chain, 
courses through the spinal nerves, and is widely distributed 
throughout the body. The other division, the parasympathetic, 
arises both above and below the sympathetic, that is, from the 
brain and from the lower part of the spinal cord. These two 
divisions control the functions of the respiratory, circulatory, 

igestive, and urogenital systems. 
 
   

d

DISORDERS OF THE NERVOUS SYSTEM 
   
Consideration of disorders of the nervous system is the 
province of neurology; psychiatry deals with behavioral 
disturbances of a functional nature. The division between these 
two medical specialties cannot be sharply defined, because 
neurological disorders often manifest both organic and mental 
symptoms. For a discussion of functional mental illness, Mental 
Illness. 
 
Diseases of the nervous system include genetic malformations, 
poisonings, metabolic defects, vascular disorders, inflame-
mations, degeneration, and tumors, and they involve either 
nerve cells or their supporting elements. Vascular disorders, 
such as cerebral hemorrhage or other forms of stroke, are 
among the most common causes of paralysis and other 
neurologic complications. Some diseases exhibit peculiar 
geographic and age distribution In temperate zones, multiple 
sclerosis is a common degenerative disease of the nervous 
sys
 
Th
bac
inf
can
spe
ills affect only certain parts of the nervous system. For example, 

. 

tem, but it is rare in the Tropics. 

e nervous system is subject to infection by a great variety of 
teria, parasites, and viruses. For example, meningitis, or 

ection of the meninges investing the brain and spinal cord, 
 be caused by many different agents. On the other hand, one 
cific virus causes rabies. Some viruses causing neurological 
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the virus causing poliomyelitis commonly affects the spinal 
cord; viruses causing encephalitis attack the brain. 



 
Inflammations of the nervous system are named according to 
the part affected. Myelitis is an inflammation of the spinal cord; 
neuritis is an inflammation of a nerve. It may be caused not only 
by infection but also by poisoning, alcoholism, or injury. Tumors 
originating in the nervous system usually are composed of 
meningeal tissue or neuroglia (supporting tissue) cells, 
depending on the specific part of the nervous system affected, 
but other types of tumor may metastasize to or invade the 
nervous system (see Cancer). In certain disorders of the 
nervous system, such as neuralgia, migraine, and epilepsy, no 

vidence may exist of organic damage. Another disorder, 
rebral p

e
ce alsy, is associated with birth defects. 
 
  

 
  

Brain Activity During Sleep 
The brain is not inactive during sleep. The electroen-
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cephalogram (EEG) tracings here show the patterns of 
electrical activity during different stages of sleep. Note that 
the brain waves of an alert person and those of a person in 
rapid eye movement (REM) sleep (when dreaming occurs) 
are similar in frequency and amplitude. In non-REM (NREM) 
sleep, the waves have a higher amplitude and a lower 
frequency, indicating that neurons in the brain are firing 
more slowly and in a synchronized fashion. 



  
 

 
 
Regions within the motor and somatosensory areas of the 
cortex are linked to specific parts of the body. The largest areas 
within the motor cortex control the parts of the body that make 
the most complex voluntary movements. The largest areas 
within the somatosensory cortex receive sensory input from the 
most sensitive body par 
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