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memory The ability to store and retrieve in-
formation over time.

encoding The process by which we trans-
form what we perceive, think, or feel into an
enduring memory.

storage The process of maintaining informa-
tion in memory over time.

retrieval The process of bringing to mind in-
formation that has been previously encoded
and stored.

Greg'’s brain damage interfered with his
ability to form new memories, so he was
able to remember the Grateful Dead only
as they sounded and performed in the
early 1970s, not as they appeared more
recently.

MONARCH FILMS/PHOTOFEST

CHAPTER 5 <¢¢e- Memory

emory is the ability to store and retrieve information over time, and as Greg's

story suggests, it is more than just a handy device that allows us to find

our car keys and schedule our dental appointments. In a very real way,
our memories define us. Each of us has a unique identity that is intricately tied to the
things we have thought, felt, done, and experienced. Memories are the residue of those
events, the enduring changes that experience makes in our brains and leaves behind
when it passes. If an experience passes without leaving a trace, it might just as well not
have happened. For Greg, the last 20 years of his life have come and gone without a
trace, leaving him forever frozen in 1969. He can revisit old memories, but he cannot
make new ones, and so he himself can never change.

Those of us who can remember what we did yesterday often fail to appreciate just
how complex that act of remembering really is because it occurs so easily. But just con-
sider the role that memory plays in the simplest act, such as arranging to meet a friend
at the movies. You must recall your friend’s name and telephone number and how to
make a call. You need to remember which movies are currently playing, as well as the
types of movies that you and your friend enjoy. Eventually, you will need to remember
how to get to the theater, how to drive your car, and what your friend looks like so you
can recognize her among the people standing in front of the theater. And finally, you'll
have to remember which movie you just saw so that you don't accidentally do this all
this over again tomorrow. These are ordinary tasks, tasks so simple that you never give
them a second thought. But the fact is that the most sophisticated computer could not
even begin to accomplish them as efficiently as any average human.

Because memory is so remarkably complex, it is also remarkably fragile (Schacter,
1996). We all have had the experience of forgetting something we desperately wanted
to remember or of remembering something that never really happened. Why does mem-
ory serve us so well in some situations and play such cruel tricks on us in other cases?
When can we trust our memories and when should we view them skeptically? Is there
just one kind of memory, or are there many? These are among the questions that psy-
chologists have asked and answered.

As you've seen in other chapters, the mind’s mistakes provide key insights into its
fundamental operation, and there is no better illustration of these mind bugs than
in the realm of memory. In this chapter, we shall consider the three key functions
of memory: encoding, the process by which we transform what we perceive, think, or feel
into an enduring memory; storage, the process of maintaining information in memory over
time; and retrieval, the process of bringing to mind information that has been previously
encoded and stored. We shall then examine several different kinds of memory and
focus on the ways in which errors, distortions, and imperfections can reveal the na-
ture of memory itself.
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Type of
judgment | Semantic judgment
(type of) = i
Rhyme judgment
e000000000000000000 00 o0 FIGURES.2 (rhymes with)

Levels of Processing Elaborative encoding enhances
subsequent retention. Thinking about a word’s meaning

(making a semantic judgment) results in deeper processing— Visual judgment
and better memory for the word later—than merely attending
to its sound (rhyme judgment) or shape (visual judgment).
(From Craik & Tulving, 1975)

eeecceccoo e oo FIGURES.3
Brain Activity during Different Types
of Judgments fMRI studies reveal that
different parts of the brain are active
during different types of judgments:

(a) During semantic judgments, the lower
left frontal lobe is active; (b) during
organizational judgments, the upper left
frontal lobe is active; and (c) during visual
Jjudgments, the occipital lobe is active.

(written in capitals?)
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Percentage who subsequently recognized word

These findings would not have surprised Bubbles P. As a professional gambler, Bub-
bles found numbers unusually meaningful, so when he saw a string of digits, he tended
to think about their meanings. For example, he might have thought about how they re-
lated to his latest bet at the racetrack or to his winnings after a long night at the poker
table. Whereas you might try to memorize the string 22061823 by saying it over and
over, Bubbles would think about betting $220 at 6 to 1 odds on horse number 8 to place
2nd in the 3rd race. Indeed, when Bubbles was tested with materials other than num-
bers—faces, words, objects, or locations—his memory performance was no better than
average. You may consciously use Bubbles’s strategy when you study for exams (“Well,
if Napoleon was born in 1769, that would have made him 7 years old when America de-
clared independence”), but you also use it automatically every day. Have you ever won-
dered why you can remember 20 experiences (your last summer vacation, your 16th
birthday party, your first day at college) but not 20 digits? The reason is that most of the
time we think of the meaning behind our experiences, and so we elaboratively encode
them without even trying to (Craik & Tulving, 1975). Bubbles’s amazing memory for
numbers was due to elaborative encoding and not to some mysterious kind of “photo-
graphic memory.”

So where does this elaborative encoding take place? What'’s going on in the brain
when this type of information processing occurs? Studies reveal that elaborative encod-
ing is uniquely associated with increased activity in the lower left part of the frontal lobe
and the inner part of the left temporal lobe (FIGURE 5.3 a, b) (Demb et al., 1995; Kapur
et al.,, 1994; Wagner et al., 1998). In fact, the amount of activity in each of these two
regions during encoding is directly related to whether people later remember an item.
The more activity there is in these areas, the more likely the person will remember the
information.

Lower left frontal lobe

Upper left frontal lobe

Occipital lobe

(b)

1C, P. 226. COURTESY OF C. R. SAVAGE; (C) KOSSLYN ET AL. (1999), SCIENCE, 284, PP. 167-170,

(A) COURTESY OF ANTHONY WAGNER; (B) SAVAGE ET AL., 2001, BRAIN, 124(1), PP. 219-231, FIG.
FIG. 2, P. 168. COURTESY OF STEPHEN M. KOSSLYN.
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For example, suppose you had
Animals to memorize the words peach, cow,
chair, apple, table, cherry, lion, couch,
horse, and desk. The task seems diffi-
Birds Mammals cult, but if you organized the items
into three categories—fruit (peach,
apple, cherry), animals (cow, lion,

Waterfow! Songbirds Horses Dogs Cats horse), and furniture (chair, couch,
Duck Wren Arabian Collie Manx desk)—the task becomes much eas-
Goose Sparrow Pinto Shepherd Siamese ier. Studies have shown that in-
Swan Warbler Mustang Terrier Persian structing people to sort items into

Finch Dachshund

categories like this is an effective
way to enhance their subsequent
recall of those items (Mandler, 1967). Even more complex organizational schemes have
eececccecce e FIGURES.H been used, such as the hierarchy in FIGURE 5.4 (Bower
LCERNERVEIE R ISEIEE | et al., 1969). People can improve their recall of indi- @ Why might mentally
Organizing words into conceptual groups vidual items by organizing them into multiple-level  organizing the material for

and relating them to one another—such R
as in this example of a hierarchy—makes categories, all the way from a general category such as an exam enhance your

it easier to reconstruct the items from animals, through intermediate categories such as birds retrieval of that material?
memory later (Bower et al., 1969). Keeping and songbirds, down to specific examples such as wren
track of the 17 items in this example can and sparrow.
be facilitated by remembering the
hierarchical groupings they fall under.

Just as elaborative and visual imagery encoding activate distinct regions of the brain,
so too does organizational encoding. As you can see in Figure 5.3b, organizational en-
coding activates the upper surface of the left frontal lobe (Fletcher, Shallice, & Dolan,
1998; Savage et al., 2001). Different types of encoding strategies appear to rely on dif-
ferent areas of brain activation.

summary quiz [5.1]

1. The process of transforming information into a lasting memory is called
a. rehearsal.
b. sensory storage.
c. encoding.
d. chunking.

2. The process of actively relating new information to knowledge that is already
in memory is called
a. elaborative encoding.
b. visual imagery encoding.
c. organizational encoding.
d. iconic memory.

3. Research described in the textbook found that servers in restaurants remem-
ber their orders by relying on
a. visual imagery encoding.
b. organizational encoding.
c. elaborative encoding.
d. prospective memory.

4. Visual imagery encoding occurs in which part of the brain?
a. frontal lobe
b. parietal lobe
c. temporal lobe
d. occipital lobe
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Storage: Maintaining Memories over Time
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Amazingly, people can recall items
from the long-term memory store even
if they haven't recalled them for years.
For example, researchers have found that

, Sensory >
even 50 years after graduation, people input Attentlon
can accurately recognize about 90% of
their high school classmates from year-

book photographs (Bahrick, 2000). The Unattended
feat is the more remarkable when you information
consider that most of this information is lost.

had probably not been accessed for years

Maintenance rehearsal
Short term
Memory  encoding
Retrieval
Unrehearsed Some
information information
is lost. may be lost
over time.

before the experiment.

Not everyone has the same ability to put information into the long-term memory
store. In 1953, a 27-year-old man, known by the initials HM, suffered from intractable
epilepsy (Scoville & Milner, 1957). In a desperate attempt to stop the seizures, HM's
doctors removed parts of his temporal lobes, including the hippocampus and some sur-
rounding regions (FIGURE 5.8). After the operation, HM could converse easily, use and
understand language, and perform well on intelligence tests—but he could not remem-
ber anything that happened to him after the operation. HM could repeat a telephone
number with no difficulty, suggesting that his short-term memory store was just fine
(Corkin, 1984, 2002; Hilts, 1995). But after information left the short-term store, it was
gone forever. For example, he would often forget that he had just eaten a meal or fail
to recognize the hospital staff who helped him on a daily basis. Like Greg, HM now
lacked the ability to hang on to the new memories he created. Studies of HM and others
have shown that the hippocampal region of the brain is critical for putting new infor-
mation into the long-term store. When this region is damaged, patients suffer from a
condition known as anterograde amnesia, which is the inability to transfer new informa-
tion from the short-term store into the long-term store.

Some amnesic patients also suffer from retrograde amnesia, which is the inability to
retrieve information that was acquired before a particular date, usually the date of an injury
or operation. The fact that HM had much worse anterograde than retrograde amnesia sug-
gests that the hippocampal region is not the site of long-term memory; indeed, research
has shown that different aspects of a single memory—its sights, sounds, smells, emo-
tional content—are stored in different places in the cortex (Damasio, 1989; Schacter,
® How is usin g the 11'996; flquirf1 &hKandel, 19919). P'sychologists 1}(9wdbe;

hippocampal—region like Hl.eve t ”at t e hippocampal region acts as a kind o

. . index” that links together all of these otherwise sep-

]eammg a rECIPE? arate bits and pieces so that we remember them as one

" memory (Schacter,

F|GURE5.7....................

The Flow of Information through the
Memory System Information moves

through several stages of memory as it
gets encoded, stored, and made available
for later retrieval.

@ ONLY HUMAN

HELP! I'VE EATEN AND | CAN'T GET HOME!
In Oslo, Norway, Jermund Slogstad, 50, was
moving into his new apartment when he took
a break to get something to eat. He went to a
nearby café but forgot to take his wallet,
which contained his new address. He was
unable to find his way home. “This is embar-
rassing,” he told a newspaper a month later,
hoping word of his plight would reach his new
landlady, whom he had paid a month’s rent in
advance.

1996; Squire, 1992; Teyler & DiScenna, 1986). Over
time, this index may become less necessary. You can
think of the hippocampal-region index like a printed
recipe. The first time you make a pie, you need the
recipe to help you retrieve all the ingredients and then
mix them together in the right amounts. As you bake
more and more pies, though, you don't need to rely
on the printed recipe anymore. Similarly, although
the hippocampal-region index is critical when a new
memory is first formed, it may become less important
as the memory ages. Scientists are still debating the
extent to which the hippocampal region helps us to
remember details of our old memories (Bayley et al.,
2005; Moscovitch et al., 2006), but the notion of the
hippocampus as an index explains why people like
HM cannot make new memories and why they can re-
member old ones.

Frontal
lobes

Temporal
lobes

Areas removed

The Hippocampus Patient
HM had his hippocampus and
adjacent structures of the me-
dial temporal lobe (indicated by
the shaded area) surgically re-
moved to stop his epileptic
seizures. As a result, he could
not remember things that hap-
pened after the surgery.

FIGURE5.8 00 cccccccevvncoe


















Multiple Forms of Memory: How the Past Returns

finger on the third fret of the E string, one finger . . .”), and sometimes you can’t (“Get
on the bike and . . . well, uh . . . just balance”). The fact that people who have amnesia
can acquire new procedural memories suggests that the hippocampal structures that are
usually damaged in these patients may be necessary for explicit memory, but they aren’t
needed for implicit procedural memory. In fact, it appears that brain regions outside the
hippocampal area (including areas in the motor cortex) are involved in procedural mem-
ory. Chapter 6 discusses this evidence further, where you will also see that procedural
memory is crucial for learning various kinds of motor, perceptual, and cognitive skills.
Not all implicit memories are procedural or “how to” memories. For example, in one
experiment, college students were asked to study a long list of words, including items
such as avocado, mystery, climate, octopus, and assassin (Tulving, Schacter, & Stark,
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1982). Later, explicit memory was tested by showing participants some of these
words along with new ones they hadn’t seen and asking them which words were
on the list. To test implicit memory, participants received word fragments and
were asked them to come up with a word that fit the fragment.

Try the test yourself:

ch—nk

o—t-p—

—0g-y—

—l-m-te

You probably had difficulty coming up with the answers for the first and third
fragments (chipmunk, bogeyman) but had little problem coming up with answers
for the second and fourth (octopus, climate). Seeing octopus and climate on the orig-
inal list made those words more accessible later, during the fill-in-the-blanks test.
This is an example of priming, which refers to an enhanced ability to think of a stim-
ulus, such as a word or object, as a result of a recent exposure to the stimulus (Tulving
& Schacter, 1990). Just as priming a pump makes water flow more easily, priming
the memory system makes some information more accessible. In the fill-in-the-
blanks experiment, people showed priming for studied words even when they
failed to consciously remember that they had seen them earlier. This suggests that
priming is an example of implicit, not explicit memory. As such, you'd expect
amnesic patients such as HM and Greg to show priming. In fact, many experi-
ments have shown that amnesic patients can show substantial priming effects—
often as large as healthy, nonamnesic people—even though they have no explicit
.. memory for the items they studied. These and other
@ How does priming similar resalts st DR

ggest that priming, like procedural
make memory more memory, does not require the hippocampal struc-

Left
frontal
lobe —!

Occipital/
temporal
lobe

D. L. SCHACTER & R. L. BUCKNER (1998). PRIMING AND THE BRAIN, NEURON, 20, PP. 185-195.

efficient? tures that are damaged in cases of amnesia (Schacter
(@500560000005605000005000000030050 0 & Curran, 2000)

If the hippocampal region isn’t required for procedural memory and priming, what
parts of the brain are involved? Experiments have revealed that priming is associated
with reduced activity in various regions of the cortex that are activated when people per-
form an unprimed task. For instance, when research participants are shown the word
stem mot___ or tab___ and are asked to provide the first word that comes to mind,
parts of the occipital lobe involved in visual processing and parts of the frontal lobe
involved in word retrieval become active. But if people perform the same task after
being primed by seeing motel and table, there’s less activity in these same regions (Buck-
ner et al., 1995; Schacter, Dobbins, & Schnyer, 2004; Wiggs & Martin, 1998). Some-
thing similar happens when people see pictures of everyday objects on two different
occasions. On the second exposure to a picture, there’s less activity in parts of the
visual cortex that were activated by seeing the picture initially. Priming seems to make
it easier for parts of the cortex that are involved in perceiving a word or object to iden-
tify the item after a recent exposure to it. This suggests that the brain “saves” a bit of
processing time after priming (FIGURE 5.11).

FIGURES.]1 e e e eceee0cccccoscsoce

Primed and Unprimed Processing of
Stimuli  Priming is associated with re-
duced levels of activation in the cortex
on a number of different tasks. In each
pair of fMRIs, the images on the upper
left (A, C) show brain regions in the
frontal lobe (A) and occipital/temporal
lobe (C) that are active during an un-
primed task (in this case, providing a
word response to a visual word cue). The
images on the lower right within each
pair (B, D) show reduced activity in the
same regions during the primed version
of the same task.
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retroactive interference Situations in
which later learning impairs memory for infor-
mation acquired earlier.

proactive interference Situations in which
earlier learning impairs memory for informa-
tion acquired later.

ahsentmindedness A lapse in attention
that results in memory failure.

prospective memory Remembering to do
things in the future.

CHAPTER 5

occurs during the storage phase of memory, after an experience has been encoded and
before it is retrieved. You've already seen the workings of transience—rapid forgetting—
in sensory storage and short-term storage. Transience also occurs in long-term storage,
as was first illustrated in the late 1870s by Hermann Ebbinghaus, a German philosopher
who measured his own memory for lists of nonsense syllables at different delays after
studying them (Ebbinghaus, 1885/1964). Ebbinghaus charted his recall of nonsense syl-
lables over time, creating the forgetting curve shown in FIGURE 5.12. Ebbinghaus noted
a rapid drop-off in retention during the first few tests, followed by a slower rate of for-
getting on later tests—a general pattern confirmed by many subsequent memory re-
searchers (Wixted & Ebbesen, 1991). So, for example, when English speakers were
tested for memory of Spanish vocabulary acquired during high school or college
courses 1 to 50 years previously, there was a rapid drop-off in memory during the first
3 years after the students’ last class, followed by tiny losses in later years (Bahrick,
1984, 2000). In all these studies, memories don’t fade at a constant rate as time passes;
most forgetting happens soon after an event occurs, with increasingly less forgetting
as more time passes.

With the passage of time, the quality of our memories also changes. At early time
points on the forgetting curve—minutes, hours, and days—memory preserves a rela-
tively detailed record, allowing us to reproduce the past with reasonable if not perfect
accuracy. But with the passing of time, we increasingly rely on our general memories for
what usually happens and attempt to reconstruct the details by inference and even
sheer guesswork. Transience involves a gradual switch from specific to more general
memories (Brewer, 1996; Eldridge, Barnard, & Bekerian, 1994; Thompson et al., 1996).
In one early study, British research participants read a brief Native American folktale that
had odd imagery and unfamiliar plots in it, and then recounted it as best they could
after a delay (Bartlett, 1932). The readers made interesting
but understandable errors, often eliminating details that
didn’t make sense to them or adding elements to make
the story more coherent. As the specifics of the story
slipped away, the general meaning of the events stayed in
memory but usually with elaborations and embellishments that were consistent with
the readers’ worldview. Because the story was unfamiliar to the readers, they raided
their stores of general information and patched together a reasonable recollection of
what probably happened.

Yet another way that memories can be distorted is by interference from other
memories. For example, if you carry out the same activities at work each day, by the
time Friday rolls around, it may be difficult to remember what you did on Monday
because later activities blend in with earlier ones. This is an example of retroactive

® How might general
memories come to distort
specific memories?
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The Curve of Forgetting Hermann 40
Ebbinghaus measured his retention at vari-
ous delay intervals after he studied lists of 20 * °
nonsense syllables. Retention was measured
in percent savings—that is, the percentage
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