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Atkinson and Shiffrin modal model of memory

Sensory inputs

Sensory register

Shart—term stnrage il
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Types of Memory

Time Course Capacity

CHARACTERISTIC OF MEMORY
Conscious Awareness?

Mechanism of Loss

Sensory Milliseconds to seconds ~ High No Primarily Decay
Short-Term and Working Seconds to minutes Limited (7 + 2 items) Yes Primarily Decay
Long-Term Nondeclarative BOIERORTEI0 High No Primarily Interference
Long-Term Dedarative Days to years High Yes Primarily Interference

4

|,
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Baddeley and Hitch model of working memory

Visuospatial
sketch pad
-

Central fe T 4545

Phonological
loop
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Short-term memory capacity

The magic number of 7 (George Miller, 1950s)
bit vs. chunk
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Digit span for amnesic patients and control subjects

Mean trials to criterion
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Neural basis of human memory

Cerebral Cortax

\

Hippocampus

Striatum

Hippﬂéampus
Cerebellum
FIGURE 50.1 Drawing of the hurman brain shnwing cmrnpr::-nants of the rnajr::r MEMmory ByETEI‘r'IS.
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J. Neurol. Neurosurg. Psychiat., 1957, 20, 11.

LOSS OF RECENT MEMORY AFTER BILATERAL
HIPPOCAMPAL LESIONS

BY
WILLIAM BEECHER SCOVILLE and BRENDA MILNER

From the Department of Newrosurgery, Hartford Hospital. and the Departnient of Neurology and Neurosurgery.
McGill University, and the Montreal Neurclogical Institute, Canada

This portrait of Henry Gustav Molaison, or H.M., was
taken shortly before he underwent the experimental surgery
2012/10/16 that would destroy his ability to form long-term memories.


http://upload.wikimedia.org/wikipedia/en/c/cd/Henry_Gustav_1.jpg

FIGURE 50.2 Magnetic resonance images showing the brains of amnesic patients H.M.
and E.P. The images show axial sections through the medial temporal lobes and reveal
damaged tissue as a bright signal. H.M.'s damage resulted from surgery, and E.P.'s
damage was caused by viral encephalitis. Nevertheless, the resulting lesion was similar
for the two patients. Both patients sustained extensive damage to the medial temporal

lobes and are profoundly amnesic. From Stefanacci et al. (2000).
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ing personal reasons (Science, 25 July, p. 471).
Henzinger sees the job as an opportunity he
couldn’t pass up: “The institute is really starting
from scratch. Such things happen once in a life-
time, if ever.”

DEATHS

MEMORABLE. He was one of the
most famous figures in neuro-
science, yet few people knew his
name. Henry Gustav Molaison, bet-
ter known as the patient H.M., died
2 December in Windsor Locks,
Connecticut, at age 82.

In 1953, Molaison had much of
the medial temporal lobes of his
brain removed to relieve severe
epilepsy. The experimental procedure rendered
him unable to form new memories but left older
memories intact. As a cooperative subject for

-

-

Got a tip for this page? E-mail people@aaas.org
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19 DECEMBER 2008

more than half a century, he helped researchers
unravel the neural basis of memory, says neuro-
scientist Suzanne Corkin of the Massachusetts
Institute of Technology in Cambridge, who
began working with himin 1962 as
a graduate student. One key insight
was that different kinds of memory
depend on different parts of the
brain. “He was a very nice man, ...
soft-spoken, polite, and he had a
good sense of humor,” says Corkin,
whose almost daily interactions
with Molaison led him to believe
they had met in high school.

H.M.’s contributions to sci-
ence won't end with his death.
Researchers led by Jacopo Annese
of the University of California, San Diego,
have already begun work to preserve his
donated brain and create an interactive 3D
reconstruction. Annese hopes it will be avail-
able online by next summer.



I NOVA — how memory works?
Famous brain set to go under the knife

Slices from the brain of H.M., a key patient in pioneering memory studies, will be immortalized online.

Neurcanatomist Jacopo Annese will next week
begin slicing one of the most precious pieces of
tissue in the history of neuroscience: the brain of
the famous amnesiac Henry Gustav Molaison,
more commonly known by his initials, H.ML

In 1953, Molaison underwent an experi-
mental operation that aimed to treat his severe
epilepsy, during which the surgeon removed
a part of his brain, including a large chunk
of the hippocampus. For the rest of his life,
Molaison’s ability to form new memories was
severely impaired, although he could easily
recall memories from his childhood. Hun-
dreds of ensuing psychological studies on him
have yielded invaluable insight into memory
formation, the separation of different cognitive
functions, and the relationship between brain
structure and function.

On 2 December, exactly one year after Molai-
son’s death, Annese, of the University of Cali-
fornia, San Diego, will begin dividing the brain
into roughly 2,400 slices, each thinner thana
human hair, and digitizing them. Annese hopes  Jacopo Annese hopes to make thousands of slides and create a three-dimensional brain map.
that Molaison’s brain will become the first of

http://thebrainobservatory.ucsd.edu/

AMNMESELAB/UNIV. CALIFO RMIA, SANDIEGD
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http://thebrainobservatory.ucsd.edu/

HM performed poorly on memory for short stories, word lists, pictures,
and a wide range of other materials (Scoville and Milner, 1957).

Four aspects of HM’s mental capacity that influence the modern
research on memory systems

1. Cognitive abilities (perception, abstract thinking, reasoning,
intelligence 1Q) other than memory were intact.

2. The ability to maintain information online (working memory) was
intact.

3. The childhood memories were intact.

4. The ability to acquire new motor skill learning (tracing the outline
of a star when viewing the paper only through a mirror) was intact.

2012/10/16



Amnesia was characterized by an impairment in
declarative memory and that procedural memory
was left intact (Cohen and Squire, 1980).

SCIENCE, VOL. 210, 10 OCTOBER 1980

Preserved Learning and Retention of Pattern-Analyzing Skill
in Amnesia: Dissociation of Knowing How and Knowing That

Abstract. Amnesic patients acquired a mirror-reading skill at a rate equivalent to
that of matched control subjects and retained it for at least 3 months. The results
indicate that the class of preserved learning skills in amnesia is broader than pre-
viously reported. Amnesia seems to spare information that is based on rules or pro-
cedures, as contrasted with information that is data-based or declarative —*‘knowing
how’’ rather than ‘‘knowing that.”” The results support the hypothesis that such a
distinction is honored by the nervous system.

} R.B.
o

R.B.

ﬁ

el

C

Control

B

NEAL J. COHEN

Department of Neurosciences,
University of California, San Diego,
La Jolla 92093

LARRY R. SQUIRE
Veterans Administration Medical Center,
San Diego, California 92161, and
Department of Psychiatry,
University of California, San Diego



The hypothesized structure of human memory

(_MEMORYﬁ

Long-term memory Shgrt-term memory
ensory memaory

Short-term/working memory

Declarative memory | Nondeclarative memory
(explicit memory) bt : (implicit memory)

Erane W Facts I [ Procedural §{ Perceptual §{ Classical Nonassociative §
(episodic memory) § (semantic memory) £ | representation conditioning learning

Specific personal | World knowiedge b ' | Perceptual | CQI‘IdItIUﬂEd | Habituation,
experiences from object knowledge, (motorand § priming | responses [| sensitization
a particular language knowledge, - | cognitive) R — | betweentwo f§
time and place | conceptualpriming § = ° B R stimuli
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According to Tulving, animals like his cat have no episodic
memory, although they have knowledge of many things

A mouse; You 4yS
Do Yau RENEMBER I,
QR TUST KAMOW /T 7

7w
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SCIENCE « VOL. 277 « 18 JULY 1997

Differential Effects of Early Hippocampal
Pathology on Episodic and Semantic Memory

F. Vargha-Khadem,” D. G. Gadian, K. E. Watkins, A. Connelly,
W. Van Paesschen, M. Mishkin

Global anterograde amnesia is described in three patients with brain injuries that oc-
curred in one case at birth, in another by age 4, and in the third at age 9. Magnetic
resonance techniques revealed bilateral hippocampal pathology in all three cases. Re-
markably, despite their pronounced amnesia for the episodes of everyday life, all three
patients attended mainstream schools and attained levels of speech and language
competence, literacy, and factual knowledge that are within the low average to average
range. The findings provide support for the view that the episodic and semantic com-
ponents of cognitive memory are partly dissociable, with only the episodic component
being fully dependent on the hippocampus.

Episodic memory depends primarily on the hippocampal component
of the larger system, whereas semantic memory depends primarily
on the underlying cortices.
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Neural basis of human memory

Cerebral Cortax

\

Hippocampus

Striatum

Hippﬂéampus
Cerebellum
FIGURE 50.1 Drawing of the hurman brain shnwing cmrnpr::-nants of the rnajr::r MEMmory ByETEI‘r'IS.
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Massive learning vs. Spaced learning
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Memory of habits, actions, and outcomes

Train Test

Start

Hippocampus Striatum
specific specific
“Flace” “Response”
. S SEEEEEEEELEEEREES >

Start
Copyright © 2002, Elsevier Science (USA). All rights reserved.

FIGURE 50.11 "Place" versus “response” leamming. The rat is trained initially to turn left in
order to obtain a reward at a particular location. In a subsequent test, the maze is rotated

and the rat is allowed to select whether it will perform the same left turning “response” or

remember the "place” of the previous reward.
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Neocortex
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Copyright £ 2002, Elsevier Science (USA). All rights reserved.

FIGURE 50.14 Fear conditioning. (A) Prior to training, the tone produces a transient arienting response. During
training the tone is followed by a brief foot shock. Following training, the rat is reintroduced into the chamber and
freezes when the tone is presented. (B) Anatomical pathways that mediate fear conditioning. A hierarchy of sensory
zqﬁﬁg‘eﬁ s on the lateral amygdala nucleus, which projects to other amygdala nuclei and then to the central
T whi nd outputs to several effector systems for emotional responses. BNST, bed nucleus of the stria
terminalis; DMV, dorsal nucleus of the vagus; NA, nucleus ambiguus; RPC, nucleus reticularis pontis oralis; RVL,
rostral ventral nucleus of the medulla. From LeDoux {1995).

Central Lateral
gray hypothalamus

Basal
nucleus

Y

Cortical
arousal and
attention

 The BLA is important for
acquiring an aversion to the tone.

* The central nucleus is
important for producing fearful
responses in general.

A range of fear-related behaviors,
including automatic and motor
responses (e.g., changes in heart
rate, blood pressure, sweating,
hormone release, and alternations
in startle response).
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—

T cs(@)

US omitted on test trials
[ | R (salivation)

FIGURE 49.1 Classical conditioning. In the procedure introduced
by Pavlov, the production of saliva is monitored continuously.
Presentation of meat powder reliably leads to salivation, whereas
some “neutral” stimulus such as a bell initially does not. With
repeated pairings of the bell and meat powder, the animal learns
that the bell predicts the food and salivates in response to the bell
alone. Modified from Rachlin {1991).
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i) The Nobel Prize in Physiology or
2 Medicine 2000

"for their discoveries concerning signal transduction in
the nervous system”

Arvid Carlsson

® 1/3 of the prize
Sweden

Goteborg University
Gothenburg, Sweden

b. 1923

Paul Greengard
@ 1/3 of the prize
USA

Rockefeller University
New York, NY, USA

b. 1925

Eric R. Kandel
® 1/3 of the prize
UsA

Columbia University
New York, NY, USA

b. 1929
(in Vienna, Austria)



Aplysia

A Siphon-gill withdraw reflex B Tail-siphon withdraw reflex

Relaxed Withdrawn Relaxed Withdrawn

Siphon

Stimulus

Tail
Stimulus

Copyright @ 2002, Elsevier Science (USA). All rights reserved.
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Cells that fire together, wire together

When an axon of cell A is near enough to excite a cell B
and repeatedly or persistently takes part in firing it,
some growth process or metabolic change takes place
in one or both cells such that A’s efficiency, as one of
the cells firing B, is increased. (Hebb, 1949)

Donald Hebb
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