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Medically, the operation was a success: H.M.’s seizures declined
drastically in frequency and severity. But there was a terrible cost.
H.M. developed amnesia, or memory loss. Specifically, he lost
the ability to form new memories for facts and events (Scoville &
Milner, 1957). He could no longer remember what he had eaten
for breakfast or why he was in the hospital. He could spend all
morning working intensively with a psychologist and then take
a break for lunch; an hour later he would not recognize the psychologist at all (Haglund & Collett, 1996). When H.M. found
out that a favorite uncle had died, he experienced intense grief—
then forgot. Again and again, he asked after the uncle and reacted
with surprise and fresh grief every time he was told of the death
(Milner, 1966). H.M. himself was painfully aware of his poor
memory and described his life as constantly waking from a dream
he couldn’t remember (Milner, Corkin, & Teuber, 1968).
Despite his devastated memory, H.M.’s personality was basically unchanged, and after the operation his IQ actually went
up—probably because, without constant seizures, he could now
concentrate better on whatever he was doing. He could no longer follow the plot of a television show,
because the commercials would interrupt
Formation
factbutand
event memories
his memory of of
thenew
story line,
he could
still amuse
himself
solving
crossword
depends on distinct brain regions.
puzzles. As long as H.M. paid attention to
a task, he could perform well; as soon as
he turned his attention to something else,
the information vanished. H.M. was living
proof that the ability to form new fact and
event memories depends on the medial
temporal lobes but that many other kinds
of memory (and cognitive function) do not.
On December 2, 2008, H.M. passed
away, and—by prior agreement—the
details of his identity were finally released
to the public. Scientists and students
of the brain finally learned the name—
Henry Gustav Molaison (pronounced
“Mollisson”)—and saw the face of the
man who has taught us so much about
memory and the brain. Even in death,
H.M. continues to contribute. His brain
was donated to science, and a team of

PATIENT H.M.
WHAT CONCEPT IS THE REVOLUTION?
Henry Molaison, known to brain

researchers everywhere as H.M. This
photo was taken when he was in
high school, shortly before he underwent the surgery that would destroy
his ability to form new memories of
facts and events.
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Memory is distributed across the brain
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PATIENT H.M.
WHICH REGION IS IMPAIRED?
Amnesia
He lost the ability to form new memories for facts and events
Again and again, he asked after the uncle and reacted with
surprise and fresh grief every time he was told of the death
(Milner, 1966)
Constantly waking from a dream he couldn’t remember

http://hm.brainandsociety.org/atlas/

EPISODIC AND SEMANTIC MEMORY

WHAT ARE THE
EPISODIC AND SEMANTIC MEMORY?
Episodic memory: a memory for a specific autobiographical event
(Tulving, 1972, 1983; Tulving, 2002)
When, Where and What
semantic memory: memories for facts and general knowledge about
the world, as well as for personal information such
as your own name and your favorite food.
Semantic memory is not tagged in time and space.

WHAT ARE THE
EPISODIC AND SEMANTIC MEMORY?

Episodic memory is what we “remember,”
semantic memory is what we “know”
(Tulving, 1985).

WHAT ARE THE
EPISODIC AND SEMANTIC MEMORY?

President
Make each example for episodic and semantic memory.
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Table 7.1
Comparing and Contrasting Episodic and Semantic Memory
Episodic Memory
Event-related: “I remember”

Semantic Memory
Factual: “I know”

Can be communicated flexibly—in a format
other than that in which it was acquired

Can be communicated flexibly—in a format
other than that in which it was acquired

✓

Consciously accessible (you know that you
know)

Consciously accessible (you know that you
know)

✓

Tagged with spatial and temporal context

Not necessarily tagged with spatial or temporal
context

✗

Must be autobiographical

Can be personal or general information

✗

Learned in a single exposure; can be weakened
by exposure to similar events

Can be learned in a single exposure, but can
also be strengthened by repetition

✗

Same (✓) or
Different (✗)

of historical facts, you can generally communicate that knowledge on an exam,
whether the format is true/false, multiple choice, or essay questions.
The issue of flexibility may seem trivial, but some memories are hard to communicate in ways other than how they were originally learned. For example,

FEATURES
OF EPISODIC AND SEMANTIC MEMORY

FLEXIBILITY
What is this scene?
General information

Semantic

Your own experience

Episodic

CONSCIOUSLY ACCESSIBLE

Who’s this?
You know that you know.

CONSCIOUSLY ACCESSIBLE
You know that you know.

What is the
Metamemory?
Our knowledge of, and ability to
think about, our own memories

BACK TO THE CLASSIFICATION OF MEMORY
Features of Episodic and Semantic memories
Declarative or Explicit memory

Non-declarative or Implicit memory

WHAT DISTINQUISHES EPISODIC FROM
SEMANTIC?

EPISODIC MEMORY

1. A specific event in particular place and time
2. Autobiographical: the event you recall must have happened to you
3. A single exposure

WHICH COMES FIRST, EPISODIC OR SEMANTIC
MEMORY?
The distinction between episodic memory and semantic memory was
first made by psychologist Endel Tulving, who argues that episodic
memory grows out of semantic memory (Tulving, 2002).
Episodic memory

Certain amount of semantic memory

OTHER VIEW
Semantic memory is information we have encountered
repeatedly—so often that the actual learning episodes are
blurred and only the semantic “fact” content remains
(Conway, 2009).

Sum up!!

EPISODIC AND SEMANTIC MEMORY:
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Can Nonhumans Have Episodic and Semantic Me

The easiest way to assess semantic memory in humans is by quest
If an experimenter asks you the name of the first U.S. presiden
“George Washington,” then the experimenter can safely conclude

THIRD VIEW

Episodic and semantic memory are fundamentally interdependent:
each can affect the other (Greenberg & Verfaellie, 2010).

Many of our memories include both episodic and semantic content.

HOW ABOUT NOHUMANS?

Figure 7.2 The radial arm

HOW CAN YOU SHOW THE

maze After many trials in which
the rat is allowed to explore the
maze until it finds food located at
the end of the “goal arm,” it will
eventually learn to run straight
to the goal arm, indicating it has
SEMANTIC
MEMORY?
semantic memory
for where the
food is located in the maze.

For human,
by question-and-answer

End

For animals,
If a well-trained rat is placed in a new start arm and still
runs to the food—via a route it has never used before—
then researchers conclude that the rat “knows” where the
food is and can use this information flexibly in new ways
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HOW CAN YOU SHOW THE EPISODIC MEMORY?
Harder to show in animals…
Episodic memory requires “mental time travel,” a re-experiencing of the event in
memory; this in turn requires a conscious sense of self, as well as a subjective sense
of time passing, which— Tulving argues—have not been demonstrated in
nonhumans (Tulving, 2002).
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HOW CAN YOU SHOW THE EPISODIC MEMORY?
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Use of the term “episodic-like” (rather than just “episodic”) acknowledges that
we cannot directly ask non-verbal animals about their subjective sense of self, or
their ability to perform “mental time travel.” In the absence of direct evidence on
these points, controversy continues over whether nonhuman animals can form
true episodic memories or whether this ability is uniquely human.

Test Your Knowledge
Episodic versus Semantic Memory
Episodic memories are memories for autobiographical events, set in a particular
time and spatial location; semantic memories are memories for fact or general
knowledge about the world, independent of when and how this information was
acquired. Sometimes, though, the line between the two is blurred. A single behavior
can contain components of both semantic and episodic information. Read the following scenarios to check whether you understand the difference. (Answers appear
in the Answers section in the back of the book.)
1. A college senior is helping a new student learn her way around campus. When
the tour finishes, the newcomer asks where she can buy a cup of coffee. The
senior thinks for a moment, then says that the coffee is better at a nearby
Starbucks than at the student center. Is this an example of semantic or of episodic
memory?
2. The senior walks into his Latin vocabulary exam later that day. The first phrase
to be translated is carpe diem. This is an easy one; he knows the answer is
“seize the day,” even though he can’t remember exactly where he first heard this
expression. Is this student using semantic or episodic memory?
3. The second phrase to be translated is ne tentes, aut perfice. This is harder; the
student can remember studying the phrase, and he even recalls that the phrase
was printed in black ink on the lower left of a page in his textbook, but he can’t
recall the translation. Is the student using semantic or episodic memory?

Encoding New Memories
Much of the time, the formation of new episodic and semantic memories seems
automatic and effortless. For example, you probably remember a great deal of information about your high school graduation even if you did not spend the day consciously trying to memorize the details so you could recall them later. On the other
hand, every student who’s ever studied for a test knows that some type of information are easier to learn than others. Here are three basic principles that govern how

ENCODING NEW MEMORIES
More general concepts in learning and memory fields…
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basic principle of memory is that new information is easier to remember if
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60
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40

If the balloons popped, the sound wouldn’t be able to carry
since everything would be too far away from the correct
20
floor. A closed window would also pre- vent the sound from
carrying since most buildings tend to be well insulated.
Since the whole operation depends on0 a steady
flow Picture
of
No
Picture
electricity, a break in the middle of the wire
would
also
picture
before
after
story
story
cause problems. Of course, the fellow could shout, but the
human voice is not loud enough to carry that far. An (a)
additional problem is that a string could break on the
Figure 7.4 The effects of organization on
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best story
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go wrong.
(b) and then heard the paragraph (“Picture before
story”) recalled more items. Participants who saw
the picture only after hearing the paragraph (“Picture
after story”) performed no better than those who had
never seen the picture.
(a) Data from and (b) adapted from Bransford and Johnson, 1972.

+

(b)

This principle has clear implications for optimizing study habits. In general,
you will remember textbook material better if you take the time to scan a chap-
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(a)

Figure 7.4 The effects of organization on

memory An experimenter read aloud to participants
a short story describing a scene. (a) Participants who
heard the paragraph alone (“No picture”) recalled
few items, but participants who saw the picture in

DEEPER PROCESSING AT ENCODING IMPROVES
RECOGNITION LATER
Depth-of-processing effect

More deeply you analyze information, the more likely
B E H A V I O R A L P R O C E S S E S | 269
you are to successfully encode the information
in memory.

(a) Recognition performance
Percentage 60
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(b) Brain activity (fMRI)
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Figure 7.5 Depth-of-

processing effect Participants
Well… Really? What is the meaning of ‘deep’?
were shown words and asked

One criticism of the depth-of-processing idea is that it is vague. How, exactly,
can we be sure whether individuals are processing information “deeply” or
“superficially”? Just because an experimenter asks participants to process words
superficially, how can we know they are not thinking about the meaning of the
word too? And, for that matter, how can we be sure that thinking about word
meanings requires deeper processing than pronouncing words backward?

either to generate a mental
image of a place described by
the word (the “image” condition)
or to imagine pronouncing the
word backward (the “pronounce”
condition). (a) Later, when shown

MEMORY RETRIEVAL
“tip-of-the-tongue” phenomenon

MEMORY RETRIEVAL IS BETTER WHEN STUDY
AND TEST CONDITIONS MATCH

MORE CUES MEAN BETTER RECALL
Three types of recall context
1. Free recall
2. Cued recall
3. Recognition

Who’s the president?
Park____________
(a) Park
(b) Kim
(c) Lee

WHEN MEMORY FAILS

FORGETTING
Two types of forgetting
1. Passive forgetting
2. Directed forgetting

ted in the 1980s could correctly
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from Anderson et al., 2004.
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early studies to quantify human learning and forgetting. Ebbinghaus memorized
lists of nonsense words and then tested his own memory for the items. He concluded that most forgetting occurs in the first few hours or days after learning
(Ebbinghaus, 1885/1964). Information that survives the critical first few days
might last in memory indefinitely.
Ebbinghaus’s basic finding has since been replicated in a variety of studies.
For example, in the 1980s, memory researcher Larry Squire developed a test
in which people were queried about television shows that had aired for a single
season from 1 to 15 years earlier (Squire, 1989). (In those days, there were still
a relatively small number of television networks, and most people were familiar with most programs that aired.) On average, people did quite well at this
test of semantic memory. Most people could correctly recognize the names of
more than 75% of TV shows that had aired in the prior year, although they
recognized progressively fewer shows from earlier years (Figure 7.6a). Most
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Figure 7.6 Two kinds of
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forgetting (a) Passive forgetting
occurs as a function of time:
older information is more likely to
be forgotten than more recently
acquired information. Here, people
tested in the 1980s could correctly
recognize the names of more TV
shows that had aired in the prior
year than of shows that had aired
a decade previously.
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Adapted from Squire, 1989.
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Time since program aired (in years)
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Remember
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Forget
(STEAMTRAIN)
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Control
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(b) Directed forgetting occurs when
we intentionally try to suppress
memory. Here, participants’
memory was worse for studied
word pairs they had been
instructed to forget than for pairs
they’d been instructed to remember
or control pairs they hadn’t seen
since the original study phase.
Data from Anderson et al., 2004.
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INTERFERENCE

Interference: when two memories overlap in
content, the strength of either or both memories
may be reduced.

INTERFERENCE
PROACTIVE
& RETROACTIVE INTERFERENCE
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Figure 7.7 Two

kinds of interference
Imagine you are asked
to learn the word pairs
in List 1 and then the
word pairs in List 2. After
that, if you are asked to
recall List 2, older items
from List 1 may interfere
(proactive interference).
Conversely, if you are
asked to recall List 1,
newer items from List 2
may interfere (retroactive
interference).

Proactive interference:
Previously acquired information
interferes with new learning
Task: Recall List 2
DOG-_____?

List 1
DOG-CHAIR
AXE-SNOW
SHIRT-TREE
(etc.)

List 2
DOG-WINDOW
TRUCK-SMILE
SHIRT-BROOM
(etc.)

Old learning interferes with new
Mistaken response: CHAIR

Retroactive interference:
Recently acquired information
interferes with old memory
Task: Recall List 1
DOG-_____?
New learning interferes with old
Mistaken response: WINDOW

learning, is called retroactive interference. A simple mnemonic to help you
remember the difference between proactive interference and retroactive interference is that PRoactive interference means PReviously acquired information is
at fault; REtroactive interference means REcently acquired information is at fault.
Proactive and retroactive interference occur in many real-life contexts. For
example, the last time you changed a frequently used computer password, you
probably went through a phase during which you sometimes typed the old password by mistake. This is an example of proactive interference, as memory of the

MISATTRIBUTION
Misattribution, which occurs when we
remember information but mistakenly
associate it with an incorrect source
(Schacter, Harbluk, & McLachlan, 1984)

FALSE MEMORY
False memories are memories of events that
never actually happened.

BEHAVIORAL PROCESSES
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Figure 7.8 Creating
Courtesy of Dr. Kimberley Wade, University of Warwick

false memories in the laboratory Researchers pasted
childhood pictures (left) of adult
participants into a photograph of
a hot-air balloon ride (right). When
prompted to recall details of the
trip, about half the participants
claimed they could remember the
episode—even though none had
ever been in a hot-air balloon.

Reprinted with permission from Wade
et al., 2002.

(a)

(b)

False memories tend to occur when people are prompted to imagine missing
details; later, they may mistakenly remember those details as the truth—a form
of memory misattribution. The more that people imagine an event, the more
likely they are to subsequently believe it really happened (Goff & Roediger,
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Figure 7.9 False memory
for studied words People were
first asked to learn lists of words
organized around an unstated
theme (such as “sweet”). Later,
participants were generally accurate at recognizing the studied
words and at rejecting (failing
to recognize) novel, unrelated
words. But they would also claim
to recognize the unstudied theme
words.

Data from Cabeza et al., 2001.

and later exonerated based on DNA evidence (Neufield & Dwyer, 2000). In
more than 80% of these cases, the crucial evidence leading to conviction was
eyewitness testimony, where witnesses had mistakenly identified people later
proven to be innocent.

Will McIntyre/Photo Researchers, Inc.
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similar to that of nondepressed
adults. After the patients undergo
ECT (red line), retrieval of recent
memories is temporarily disrupted.

WHICH BRAIN REGIONS ARE INVOLVED
IN THE EPISODIC AND SEMANTIC
MEMORY?

CEREBRAL CORTEX
BRAIN SUBSTRATES

Somatosensory cortex:
Parietal lobe

Auditory cortex:
Superior temporal lobe

Visual cortex:
Occipital lobe
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Figure 7.11 Semantic memory and the cerebral cortex Some areas of the cerebral cortex specialize in processing

specific kinds
of sensory
information;
these include
in the various kinds
People
with
cortical
damage
canareas
display
parietal lobe (somatosensory cortex), the occipital lobe (visual
of
agnosia, relatively selective disruption of the ability
cortex), and the superior temporal lobe (auditory cortex). Many of
the remaining
areas are association
that link infor-information.
to
processcortical
a particular
kind areas
of semantic
mation within and across modalities, forming a basic substrate for
(“Agnosia”
is from the Greek for “not knowing.”)
semantic information.

Auditory agnosia
Associative visual agnosia
Tactile agnosia

People with cortical damage can display various kinds of agnosia, relatively selective disruption of the ability to process a particular kind of semantic
information. (“Agnosia” is from the Greek for “not knowing.”) For example,
patients with auditory agnosia for speech can “hear” sounds and echo them, but
they are unable to understand the meaning of spoken words—though they can
often recognize written words (Bauer & McDonald, 2003). These patients may
describe hearing their native language as if it were a foreign tongue—little more
than a stream of unintelligible gibberish. Patients with associative visual agnosia
have difficulty recognizing and naming objects, even though they can “see” the
objects (and can usually copy them accurately). If such a patient is shown a pen
or a cup, she may be unable to name it or say what it is used for—though she
may be able to name the object based on feel if it is placed in her hand (Farah,
2003). In contrast, patients with tactile agnosia may be able to recognize an object
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Human brain – right hippocampus
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Figure 7.12 Category54
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Figure 7.12 Category-

Non-human primate – Apple neurons in temporal lobe…

sensitive neurons in the human
brain A patient with electrodes
implanted in the right hippocampus was shown photos of
famous celebrities and landmarks,
including the nine photos shown
here (Quiroga et al., 2005). The
response of a single neuron to
each photo appears below it, with
the height of the red bars indicating the strength of the neuron’s
response. This neuron responded
strongly to pictures of actor Steve
Carell (pictures 43–45) but not to

sometimes have intracranial electrodes implanted for clinical reasons, and some
of these patients are willing to undergo memory testing while the electrodes are
in place. In these studies, patients are shown different types of pictures, and the
responses of individual neurons to each picture can be recorded. Some neurons
respond to many pictures; others respond to none. But some neurons respond
to pictures of particular categories of objects, such as animals, faces, or houses
(Krieman, Koch, & Fried, 2000). Some neurons respond to sad faces but not
happy, angry, or neutral faces (Fried, MacDonald, & Wilson, 1997). And some
neurons even respond to pictures of one person but not others (Quiroga, Reddy,
Kreiman, Koch, & Fried, 2005).
For example, Figure 7.12 shows some sample responses of a single neuron in

sensitive neurons in the human
brain A patient with electrodes
implanted in the right hippocampus was shown photos of
famous celebrities and landmarks,
including the nine photos shown
here (Quiroga et al., 2005). The
response of a single neuron to
each photo appears below it, with
the height of the red bars indicating the strength of the neuron’s
response. This neuron responded
strongly to pictures of actor Steve
Carell (pictures 43–45) but not to
photos of other celebrities such as
Whoopi Goldberg (pictures 52–54)
or Bill Clinton (pictures 1–3).

Adapted from Quiroga et al., 2008, Figure 1.
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SEMANTIC DISCRIMINATION?
Non-human primate – ex) Pineapple neuron

Edmund Rolls and colleagues (Thorpe, Rolls, & Maddison, 1983) recorded neurons
in the orbitofrontal cortex of rhesus monkeys, a small area located at the base of the
frontal lobes; out of 494 neurons analyzed, they found 26 that responded selectively
to visual stimuli representing food; even more striking, four neurons responded most
strongly to oranges, four responded to peanuts, two responded to bananas, and one
responded to raisins.

Very selective!!

he could and couldn’t learn and remember.
Obviously, after H.M., no more surgeries were performed to remove the
medial temporal lobes bilaterally in humans (although unilateral surgeries,
which don’t cause severe amnesia, are still sometimes performed for patients
with intractable epilepsy). Unfortunately, bilateral medial temporal lobe damage does occur in humans as a result of various other kinds of injury and
disease. For example, another patient, E.P., suffered bilateral medial temporal
lobe damage as a result of viral encephalitis. (Like H.M., E.P. is known by his
initials to protect his privacy.) When viewed on structural MRI, E.P.’s brain
damage looked strikingly similar to H.M.’s—and he showed a very similar pattern of memory impairment (Stefanacci, Buffalo, Schmolck, & Squire, 2000).
And patient R.B., who suffered a brain infection that damaged his hippocampus
bilaterally, provided strong evidence that damage limited to the hippocampus
(rather than the additional medial temporal lobe structures that were damaged
in H.M. and E.P.) was indeed sufficient to disrupt memory (Zola-Morgan,
Structure of MTL
Squire, & Amaral, 1986).

MEDIAL TEMPORAL LOBE
AND MEMORY FORMATION

Figure 7.13 The medial

temporal lobe in humans The
medial (inner) portion of the
temporal lobes contains the hippocampus, the amygdala, and several other cortical areas, including
the entorhinal cortex and the
perirhinal cortex.

Hippocampus

Amygdala
Hippocampus

Entorhinal
cortex

Perirhinal cortex

Think about the HM patient.
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Amnesic
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patient
recently formed memories (s
Adulthood
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People with bilateral m
Years
damage generally show som
sia along with their anterog
patients don’t forget their own identity—H.M. could rem
his childhood—but patients often lose memories for events
time before the brain damage, and this retrograde amnesi
tion acquired decades earlier (Manns, Hopkins, & Squire,
as you read above, patient E.P. suffered bilateral medial te
Retrograde
amnesia

Memories
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Birth
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Figure 7.16 Retrograde
and anterograde amnesia A
healthy adult (green line) may
be able to recall most of what
happened today and will recall
progressively less about events
that happened weeks, months,

Anterograde
amnesia

10 to 15 minutes later. Healthy adults can usually copy the figure quite accurately and manage to reproduce the figure from memory reasonably well after the
delay (Figure 7.14b). E.P. could copy the drawing without difficulty, but after
the delay, he had no memory of the picture at all (Figure 7.14c). His memory
for verbal information was similarly poor: immediately after listening to a short
story, he could only recall about 10% of the words or concepts; 15 minutes later,
he could remember nothing about it.
Like H.M., animals with broad lesions of the hippocampal region have difficulty learning new information (Mishkin, 1978; Squire, 1992). They are especially impaired at episodic-like learning that involves memory of unique events
set in a particular scene (Gaffan & Hornak, 1997; Gaffan & Parker, 1996). For
example, the radial maze shown in Figure 7.2 can be used for a task in which
researchers place a piece of food at the end of every arm and then place a hungry
rat in center of the maze. The rat has a few minutes in which to obtain all the
food it can. Notice that once a rat has entered a given arm and eaten the food
Anterograde amnesia: Patient
and HM entries into the same arm are a waste of time. Therefore, the
there,EPsubsequent

THE HIPPOCAMPUS IS CRITICAL FOR FORMING
NEW EPISODIC MEMORY

(a) Original Figure

Figure 7.14 Anterograde

amnesia in patient E.P. Shown
a complex figure (a), a healthy
control participant can generally
copy it accurately (b, top) and can
do a reasonably good job if asked
to draw the figure from memory
15 minutes later (b, bottom).
Patient E.P. could also copy the
drawing well (c, top), but asked
to draw it from memory after the
delay, he had essentially forgotten
everything about it (c, bottom).

(b) Healthy Control

(c) E.P.

Copy:

Copy:

After delay:

After delay:

?

Adapted from Stefanacci et al., 2000,
Figure 7.
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DIFFERENCE IN BRAIN STRUCTURE
FOR EPISODIC AND SEMANTIC MEMORY?
Patient Beth’s case
She had severe seizure. When she entered school, parents noticed that she has amnesia.
What is surprising is that Beth progressed relatively successfully through school,
getting average grades and even participating in extracurricular activities.

Semantic memory looks fine!!!
(Gadian et al., 2000; Vargha-Khadem et al., 1997).

imaging (fMRI) records activity
while participants make categorization judgments on a series
of words. Later, participants are
given a recognition test; typically,
they correctly recognize some but
not all of the previously viewed
words. Some areas of the brain,
including the left medial temporal
lobe (a) and left prefrontal cortex
(b), are more active during initial
viewing of words that will subsequently be remembered compared
with initial viewing of words that
will subsequently be forgotten.
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FMRI STUDY –
HIPPOCAMPAL REGION & MEMORY FORMATION
(a, b) Adapted from Wagner et al., 1998.

(a) Medial temporal lobe

Science Magazine/
Courtesy of Anthony D. Wagner

(b) Frontal lobe
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Components of an
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STANDARD
CONSOLIDATION THEORY
Hippocampus
(a)

holds that the hippocampus and related medial temporal lobe
structures are required for the initial storage and retrieval of
an episodic memory but that their contribution diminishes
over time until the cortex is capable of retrieving the
memory without hippocampal help (Dudai, 2004; McGaugh,
2000; Squire, 1992).
BRAIN SUBSTRATES | 289
(b)

Components of an
episodic memory

two, but individuals with broader medial temporal damage (such as E.P.) may
have retrograde amnesia that extends back many years, perhaps decades (Nadel,
Samsonovich, Ryan, & Moscovitch, 2000; Reed & Squire, 1998). Retrograde
amnesia may be greatest of all in individuals whose brain damage extends
beyond the medial temporal lobe and into other areas of cerebral cortex—where
semantic and episodic memories are normally stored (Bayley, Gold, Hopkins, &
Squire, 2005).
Hippocampus
On the other hand, in some cases of amnesia, patients have severe retrograde
(a) loss that extends as far back as
(b)childhood and is not temporally
(c) graded
memory
(Nadel & Moscovitch, 1997). To account for such extensive retrograde
amnesia,
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Figure 7.17 Standard

consolidation theory (a) An
episodic memory consists of many
components, such as sight, sound,
texture, and other features, stored
in sensory and association cortex.
(b) Initially, the hippocampal region
helps link these components into
a single episodic memory. (c) Over
time, the components become
linked to one another directly, and
hippocampal involvement is no
longer required.

with frontal-lobe damage may be able to remember a story but not whether it
occurred in their own past, or on television, or in their imagination (Kapur &
Coughlan, 1980). Source amnesia is generally not as devastating as the all-out
memory failure of anterograde amnesia or retrograde amnesia, but it can still be
a serious problem if a person can’t reliably tell the difference between a fictional
story and a real-life experience.

Subcortical Structures Involved in Episodic and
Semantic
Memory
SUBCORTICAL
STRUCTURE

Two other brain structures deserve special mention in the context of episodic and semantic memory: the basal forebrain and the diencephalon
(Figure 7.19). The basal forebrain is a collection of structures that lie—as the

& EPISODIC AND SEMANTIC MEMORY
Figure 7.19 The basal

Fornix

Frontal cortex

Mediodorsal nucleus
of the thalamus
Mammillary
body
Basal forebrain
Hypothalamus
Amygdala

forebrain and diencephalon
Structures in the diencephalon
(including the mediodorsal nucleus
of the thalamus and the mammillary bodies) and in the basal forebrain connect with the hippocampus via a fiber bundle called the
fornix. Damage to either the diencephalon or the basal forebrain
can cause anterograde amnesia
that resembles the effects of hippocampal damage.

Hippocampus
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BASAL FOREBRAIN
Stroke!
In anterior
Communicating
Artery

Anterograde amnesia
(DeLuca & Diamond, 1995)

The medial septum, a group of cells in the basal forebrain, sends
acetylcholine and GABA to the hippocampus, where they affect
the activity and synaptic plasticity of hippocampal neurons.

DIENCEPHALON
Korsakoff ’s disease
a condition caused by a deficiency in thiamine (a B vitamin)
that sometimes accompanies chronic alcohol abuse
(Kopelman, Thomson, Guerrini, & Marshall, 2009).

Damages in the mammillary bodies and part of the thalamus
(specifically, the mediodorsal nucleus of the thalamus)

Anterograde amnesia
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Episodic memory or memory for the detailed events in our lives is critically dependent on
structures of the medial temporal lobe (MTL). A fundamental component of episodic memory is
memory for the temporal order of items within an episode. To understand the contribution of
individual MTL structures to temporal-order memory, we recorded single-unit activity and local
field potential from three MTL areas (hippocampus and entorhinal and perirhinal cortex) and
visual area TE as monkeys performed a temporal-order memory task. Hippocampus provided
incremental timing signals from one item presentation to the next, whereas perirhinal cortex
signaled the conjunction of items and their relative temporal order. Thus, perirhinal cortex
appeared to integrate timing information from hippocampus with item information from visual
sensory area TE.
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