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Course Outline
Week One: How We Learn
Topic 1. Repetition and Hebbian Learning
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Week Two; How We Learn
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Topic 2. Dopamine and the Basal Ganglia
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Figure 18.2  Synaptic Changes That May Store Memories (Part 1)







So what matters is the pattern of the neurons –
the sum total of neuronal activity is the memory.
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information, each of which is stored in specialized (dedicated) memory stores. As a result, damage to a specific cortical area can lead to loss of specific 
information and therefore a fragmentation of knowledge.

Figure 62-8 Neural correlates of category-specific knowledge are dependent on the intrinsic properties of the objects. (From Martin et al. 1996.)

A. Regions selectively activated when subjects silently named drawings of animals include the calcarine sulcus, the left and right fusiform gyri of the temporal 
lobe, left putamen, left thalamus, left insula and inferior frontal region (Broca's area), and right lateral and medial cerebellum. Active regions are identified by 
increased blood flow. In the statistical procedure regions that are active during the naming of both animals and tools cancel each other and do not show a 
signal. In this panel and in part B the top pair of brain images are medial views, the lower pair are lateral views. SPM = statistical parametric maps.

B. Regions selectively activated when subjects silently named tools are predominantly in areas of the left hemisphere associated with hand movements and the 
generation of action words.

For example, damage to the posterior parietal cortex can result in associative visual agnosia; patients cannot name objects but they can identify objects by 
selecting the correct drawing and can faithfully reproduce detailed drawings of the object (Figure 62-7). In contrast, damage to the occipital lobes and 

surrounding region can result in an apperceptive visual agnosia; patients are unable to draw objects but they can name them if appropriate perceptual cues are 
available (Figure 62-7).

While verbal and visual knowledge about objects involve different circuitry, visual knowledge involves even further specialization. For example, visual knowledge 
about faces and about inanimate objects is represented in different cortical areas. As we have seen in Chapter 25, lesions in the inferotemporal cortex can result 

in 
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prosopagnosia, the inability to recognize familiar faces or learn new faces, but these lesions can leave intact all other aspects of visual recognition. Conversely, 
positron emission tomography (PET) imaging studies show that object recognition activates the left occipitotemporal cortex and not the areas in the right 
hemisphere associated with face recognition. Thus, not all of our visual knowledge is represented in the same locus in the occipitotemporal cortex.

Category-specific defects in object recognition were first described by Rosaleen McCarthy and Elizabeth Warrington. They found that certain lesions interfere 
with the memory (knowledge) of living objects but not with memory of inanimate, manufactured objects. For example, one patient's verbal knowledge of living 
things was greatly impaired. When asked to define “rhinoceros” the patient responded by merely saying “animal.” But when shown a picture of a rhinoceros he 
responded, “enormous, weighs over a ton, lives in Africa.” The same patient's semantic knowledge of inanimate things was readily accessible through both 
verbal and visual cues. For example, when asked to define “wheelbarrow” he replied, “The thing we have here in the garden for carrying bits and pieces; 
wheelbarrows are used by people doing maintenance here on your buildings. They can put their cement and all sorts of things in it to carry it around.”

To investigate further the neural correlates of categoryspecific knowledge for animate and inanimate objects, Leslie Ungerleider and her colleagues used PET 
scanning to map regions of the normal brain that are associated with naming animals and regions that are involved in naming of tools. They found that naming 
of animals and tools both involved bilateral activation of the ventral temporal lobes and Broca's area. In addition the naming animals selectively activated the 
left medial temporal lobe, a region involved in the earlier stages of visual processing. In contrast, the naming tools selectively activated a left premotor area, an 
area also activated with hand movements, as well as an area in the left middle temporal gyrus that is activated when action words are spoken. Thus, the brain 
regions active during object identification are dependent in part on the intrinsic properties of the objects presented (Figure 62-8).
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How is semantic knowledge built up? How is it stored in the cortex? The organization and flexibility of semantic knowledge is both remarkable and surprising. 
Consider a complex visual image such as a photograph of an elephant. Through experience this visual image becomes associated with other forms of knowledge 
about elephants, so that eventually when we close our eyes and conjure up the image of an elephant, the image is based on a rich representation of the concept 
of an elephant. The more associations we have made to the 
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image of the elephant, the better we encode that image, and the better we can recall the features of an elephant at a future time. Furthermore, these 
associations fall into different categories. For example, we commonly know that an elephant is a living rather than a nonliving thing, that it is an animal rather 
than a plant, that it lives in a particular environment, and that it has unique physical features and behavior patterns and emits a distinctive set of sounds. 
Moreover, we know that elephants are used by humans to perform certain tasks and that they have a specific name. The word elephant is associated with all of 
these pieces of information, and any one bit of information can open access to all of our knowledge about elephants.

Figure 62-7 Selective lesions in the posterior parietal cortex produce selective defects in semantic knowledge. (From Farah 1994.)

A. A patient with associative agnosia is able to accurately copy drawings of a tea bag, ring, and pen but is unable to name the objects copied.

B. A patient with apperceptive agnosia is unable to reproduce even simple drawings but nevertheless can name the objects in the drawings.

As this example illustrates, we build up semantic knowledge through associations over time. The ability 
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to recall and use knowledge—our cognitive efficiency —is thought to depend on how well these associations have organized the information we retain. As we 
first saw in Chapter 1, when we recall a concept it comes to mind in one smooth and continuous operation. However, studies of patients with damage to the 

association cortices have shown that different representations of an object—say, different aspects of elephants—are stored separately. These studies have made 
clear that our experience of knowledge as a seamless, orderly, and cross-referenced database is the product of integration of multiple representations in the 
brain at many distinct anatomical sites, each concerned with only one aspect of the concept that came to mind. Thus, there is no general semantic memory 
store; semantic knowledge is not stored in a single region. Rather, each time knowledge about anything is recalled, the recall is built up from distinct bits of 
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Figure 62-1 The medial temporal lobe and memory storage.

A. The longitudinal extent of the temporal lobe lesion in the patient known as H.M. in a ventral view of the brain.

B. Cross sections showing the estimated extent of surgical removal of areas of the brain in the patient H.M. Surgery was a bilateral, single-stage procedure. 
The right side is shown here intact to illustrate the structures that were removed. (Modified from Milner 1966.)

C. Magnetic resonance image (MRI) scan of a parasagittal section from the left side of H.M.'s brain. The calibration bar on the right side of the panel has 1 cm 
increments. The resected portion of the anterior temporal lobes is indicated with an asterisk. The remaining portion of the intraventricular portion of the 
hippocampal formation is indicated with an open arrow. Approximately 2 cm of preserved hippocampal formation is visible bilaterally. Note also the 
substantial cerebellar degeneration obvious as enlarged folial spaces. (From Corkin et al. 1997.)
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What H.M. now lacked, and lacked dramatically, was the ability to transfer new short-term memory into long-term memory. He was unable to retain for more 
than a minute information about people, places, or objects. Asked to remember a number such as 8414317, H.M. could repeat it immediately for many minutes, 
because of his good short-term memory. But when distracted, even briefly, he forgot the number. Thus, H.M. could not recognize people he met after surgery, 
even when he met them again and again. For example, for several years he saw Milner on an almost monthly basis, yet each time she entered the room H.M. 
reacted as though he had never seen her before. H.M. had a similarly profound difficulty with spatial orientation. It took him about a year to learn his way 
around a new house. H.M. is not unique. All patients with extensive bilateral lesions of the limbic association areas of the medial temporal lobe, from either 
surgery or disease, show similar memory deficits.

The Distinction Between Explicit and Implicit Memory Was First Revealed With Lesions of the 
Limbic Association Areas of the Temporal Lobe
Milner originally thought that the memory deficit after bilateral medial temporal lobe lesions affects all forms of memory equally. But this proved not to be so. 
Even though patients with lesions of the medial temporal lobe have profound memory deficits, they are able to learn certain types of tasks and retain this 
learning for as long as normal subjects. The spared component of 
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memory was first revealed when Milner discovered that H.M. could learn new motor skills at a normal rate. For example, he learned to draw the outlines of a 
star while looking at his hand and the star in a mirror (Figure 62-2). Like normal subjects learning this task, H.M. initially made many mistakes, but after 

several days of training his performance was error-free and indistinguishable from that of normal subjects.
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But…

Figure 62-2 The patient H.M. showed definite improvement in any task involving learning skilled movements. He was taught to trace between two outlines 
of a star while viewing his hand in a mirror. He improved considerably with each fresh test, although he had no recollection that he had ever done the task 
before. The graph plots the number of times, in each trial, that he strayed outside the outlines as he drew the star. (From Blakemore 1977.)

Later work by Larry Squire and others has made it clear that the memory capacities of H.M. and other patients with bilateral medial temporal lobe lesions are 
not limited to motor skills. Rather, these patients are capable of various forms of simple reflexive learning, including habituation, sensitization, classical 
conditioning, and operant conditioning, which we discuss later in this chapter. Furthermore, they are able to improve their performance on certain perceptual 
tasks. For example, they do well with a form of memory called priming, in which the recall of words or objects is improved by prior exposure to the words or 
object. Thus, when shown the first few letters of previously studied words, a subject with amnesia correctly selects as many previously presented words as do 
normal subjects, even though the subject has no conscious memory of having seen the word before (Figure 62-3)

The memory capability that is spared in patients with bilateral lesions of the temporal lobe typically involves learned tasks that have two things in common. 
First, the tasks tend to be reflexive rather than reflective in nature and involve habits and motor or perceptual skills. Second, they do not require conscious 
awareness or complex cognitive processes, such as comparison and evaluation. The patient need only respond to a stimulus or cue, and need not try to 
remember anything. Thus, when given a highly complex mechanical puzzle to solve the patient may learn it as quickly and as well as a normal person, but will 
not consciously remember having worked on it previously. When asked why the performance of a task is much better after several days of practice than on the 
first day, the patient may respond, “What are you talking about? I've never done this task before.”

Although these two fundamentally different forms of memory—for skills and for knowledge—have been demonstrated in detail in amnesia patients with lesions 
of the temporal lobe, they are not unique amnesiacs. Cognitive psychologists had previously distinguished these two types of memory in normal subjects. They 
refer to information about how to perform something as implicit memory (also referred to as nondeclarative memory), a memory that is recalled unconsciously. 
Implicit memory is typically involved in training reflexive motor or perceptual skills. Factual knowledge of people, places, and things, and what these facts 
mean, is referred to as explicit memory (or declarative memory). This is recalled by a deliberate, conscious effort (Figure 62-4). Explicit memory is highly 

flexible and involves the association of multiple bits and pieces of information. In contrast, implicit memory is more rigid and tightly connected to the original 
stimulus conditions under which the learning occurred

The psychologist Endel Tulving first developed the idea that explicit memory can be further classified as episodic (a memory for events and personal experience) 
or semantic (a memory for facts). We use episodic memory when we recall that we saw the first flowers of spring yesterday or that we heard Beethoven's 
Moonlight Sonata 
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several months ago. We use semantic memory to store and recall objective knowledge, the kind of knowledge we learn in school and from books. Nevertheless, 
all explicit memories can be concisely expressed in declarative statements, such as “Last summer I visited my grandmother at her country house” (episodic 
knowledge) or “Lead is heavier than water” (semantic knowledge).

What does this mean?



And what about 
this?
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Figure 62-3 In a study of recall of words, amnesiacs and normal control subjects were tested under two conditions. First they were presented 
with common words and then asked to recall the words (free recall). Amnesiac patients were impaired in this condition. However, when subjects were given 
the first three letters of a word and instructed simply to form the first word that came to mind (completion), the amnesiacs performed as well as normal 
subjects. The baseline guessing rate in the word completion condition was 9%. (From Squire 1987.)

Figure 62-4 Various forms of memory can be classified as either explicit (declarative) or implicit (nondeclarative).

Animal Studies Help to Understand Memory
The surgical lesion of H.M.'s temporal lobe encompassed a number of regions, including the temporal pole, the ventral and medial temporal cortex, the 
amygdala, and the hippocampal formation (which includes the hippocampus proper, the subiculum, and the dentate gyrus) as well as the surrounding 
entorhinal, perirhinal, and parahippocampal cortices. Since lesions restricted to any one of these several sectors of the medial temporal lobe are rare in humans, 
experimental lesion studies in monkeys have helped define the contribution of the different parts of the temporal lobe to memory formation.

Mortimer Mishkin and Squire produced lesions in monkeys identical to those reported for H.M. and found defects in explicit memory for places and objects 
similar to those observed in H.M. Damage to the amygdala alone had no effect on explicit memory. Although the amygdala stores components of memory 
concerned with emotion (Chapter 50), it does not store factual information. In contrast, selective damage to the hippocampus or the polymodal association 

areas in the temporal cortex with which the hippocampus connects—the perirhinal and parahippocampal cortices—produces clear impairment of explicit memory.

Thus, studies with human patients and with experimental animals suggest that knowledge stored as explicit memory is first acquired through processing in one 
or more of the three polymodal association cortices (the prefrontal, limbic, and parieto-occipital-temporal cortices) that synthesize visual, auditory, and somatic 
information. From there the information is conveyed in series to the parahippocampal and perirhinal cortices, 

P.1232

then the entorhinal cortex, the dentate gyrus, the hippocampus, the subiculum, and finally back to the entorhinal cortex. From the entorhinal cortex the 
information is sent back to the parahippocampal and perirhinal cortices and finally back to the polymodal association areas of the neocortex (Figure 62-5).



We know from HM and studies in monkey 
that the hippocampus plays a key role in 

explicit memory formation

Figure 62-5 The anatomical organization of the hippocampal formation.

A. The key components of the medial temporal lobe important for memory storage can be seen in the medial (left) and ventral (right) surface of the cerebral 
hemisphere.

B. The input and output pathways of the hippocampal formation.

Thus, in processing information for explicit memory storage the entorhinal cortex has dual functions. First, it is the main input to the hippocampus. The 
entorhinal cortex projects to the dentate gyrus via the perforant pathway and by this means provides the critical input pathway through which the polymodal 
information from the association cortices reaches the hippocampus (Figure 62-5B). Second, the entorhinal cortex is also the major output of the hippocampus. 

The information coming to the hippocampus from the polymodal association cortices and that coming from the hippocampus to the association cortices converge 
in the entorhinal cortex. It is therefore understandable why the memory impairments associated with damage to the entorhinal cortex are particularly severe 
and why this damage affects not simply one but all sensory modalities. In fact, the earliest pathological changes in Alzheimer disease, the major degenerative 
disease that affects explicit memory storage, occurs in the entorhinal cortex.

P.1233

Damage Restricted to Specific Subregions of the Hippocampus Is Sufficient to Impair Explicit 
Memory Storage
Given the large size of the hippocampus proper, how extensive does a bilateral lesion have to be to interfere with explicit memory storage? Clinical evidence 
from several patients, as well as studies in experimental animals, suggests that a lesion restricted to any of the major components of the system can have a 
significant effect on memory storage. For example Squire, David Amaral, and their collegues found that the patient R.B. had only one detectable lesion after a 
cardiac arrest—a destruction of the pyramidal cells in the CA1 region of the hippocampus. Nevertheless, R.B. had a defect in explicit memory that was 
qualitatively similar to that of H.M., although quantitatively it was much milder.

The different regions of the medial temporal lobe may, however, not have equivalent roles. Although the hippocampus is important for object recognition, for 
example, other areas in the medial temporal lobe may be even more important. Damage to the perirhinal, parahippocampal, and entorhinal cortices that spares 
the underlying hippocampus produces a greater deficit in memory storage, such as object recognition than do selective lesions of the hippocampus that spare 
the overlying cortex

On the other hand, the hippocampus may be relatively more important for spatial representation. In mice and rats lesions of the hippocampus interfere with 
memory for space and context, and single cells in the hippocampus encode specific spatial information (Chapter 63). Moreover, functional imaging of the brain 

of normal human subjects shows that spatial memories involve more intense hippocampal activity in the right hemisphere than do memories for words, objects, 
or people, while the latter involve greater activity in the hippocampus in the dominant left hemisphere. These physiological findings are consistent with the 
finding that lesions of the right hippocampus give rise to problems with spatial orientation, whereas lesions of the left hippocampus give rise to defects in verbal 
memory (Figure 62-6).

Explicit Memory Is Stored in Association Cortices
Lesions of the medial temporal lobe in patients such as H.M. and R.B. interfere only with the long-term storage of new memories. These patients retain a 
reasonably good memory of earlier events, although with severe lesions such as those of H.M. there appears to be some retrograde amnesia for the years just 
before the operation. How does this come about?

The fact that patients with amnesia are able to remember their childhood, the lives they have led, and the factual knowledge they acquired before damage to 
the hippocampus suggests that the hippocampus is only a temporary way station for long-term memory. If so, long-term storage of episodic and semantic 
knowledge would occur in the unimodal or multimodal association areas of the cerebral cortex that initially process the sensory information

For example, when you look at someone's face, the sensory information is processed in a series of areas of the cerebral cortex devoted to visual information, 
including the unimodal visual association area in the inferotemporal cortex specifically concerned with face recognition (see Box 28-1 and Chapter 28). At the 

same time, this visual information is also conveyed through the mesotemporal association cortex to the parahippocampal, perirhinal, and entorhinal cortices, 
and from there through the perforant pathway to the hippocampus. The hippocampus and the rest of the medial temporal lobe may then act, over a period of 
days or weeks, to facilitate storage of the information about the face initially processed by the visual association area of the inferotemporal lobe. The cells in the 
visual association cortex concerned with faces are interconnected with other regions that are thought to store additional knowledge about the person whose face 
is seen, and these connections could also be modulated by the hippocampus. Thus the hippocampus might also serve to bind together the various components 
of a richly processed memory of a person.

Viewed in this way the hippocampal system would mediate the initial steps of long-term storage. It would then slowly transfer information into the neocortical 
storage system. The relatively slow addition of information to the neocortex would permit new data to be stored in a way that does not disrupt existing 
information. If the association areas are the ultimate repositories for explicit memory, then damage to association cortex should destroy or impair recall of 
explicit knowledge that is acquired before the damage. This is in fact what happens. Patients with lesions in association areas have difficulty in recognizing 
faces, objects, and places in their familiar world. Indeed, lesions in different association areas give rise to specific defects in either semantic or episodic memory.

Semantic (Factual) Knowledge Is Stored in a Distributed Fashion in the Neocortex
As we have seen, semantic memory is that type of long-term memory that embraces knowledge of objects, facts, and concepts as well as words and their 
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Thus, in processing information for explicit memory storage the entorhinal cortex has dual functions. First, it is the main input to the hippocampus. The 
entorhinal cortex projects to the dentate gyrus via the perforant pathway and by this means provides the critical input pathway through which the polymodal 
information from the association cortices reaches the hippocampus (Figure 62-5B). Second, the entorhinal cortex is also the major output of the hippocampus. 

The information coming to the hippocampus from the polymodal association cortices and that coming from the hippocampus to the association cortices converge 
in the entorhinal cortex. It is therefore understandable why the memory impairments associated with damage to the entorhinal cortex are particularly severe 
and why this damage affects not simply one but all sensory modalities. In fact, the earliest pathological changes in Alzheimer disease, the major degenerative 
disease that affects explicit memory storage, occurs in the entorhinal cortex.
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Damage Restricted to Specific Subregions of the Hippocampus Is Sufficient to Impair Explicit 
Memory Storage
Given the large size of the hippocampus proper, how extensive does a bilateral lesion have to be to interfere with explicit memory storage? Clinical evidence 
from several patients, as well as studies in experimental animals, suggests that a lesion restricted to any of the major components of the system can have a 
significant effect on memory storage. For example Squire, David Amaral, and their collegues found that the patient R.B. had only one detectable lesion after a 
cardiac arrest—a destruction of the pyramidal cells in the CA1 region of the hippocampus. Nevertheless, R.B. had a defect in explicit memory that was 
qualitatively similar to that of H.M., although quantitatively it was much milder.

The different regions of the medial temporal lobe may, however, not have equivalent roles. Although the hippocampus is important for object recognition, for 
example, other areas in the medial temporal lobe may be even more important. Damage to the perirhinal, parahippocampal, and entorhinal cortices that spares 
the underlying hippocampus produces a greater deficit in memory storage, such as object recognition than do selective lesions of the hippocampus that spare 
the overlying cortex

On the other hand, the hippocampus may be relatively more important for spatial representation. In mice and rats lesions of the hippocampus interfere with 
memory for space and context, and single cells in the hippocampus encode specific spatial information (Chapter 63). Moreover, functional imaging of the brain 

of normal human subjects shows that spatial memories involve more intense hippocampal activity in the right hemisphere than do memories for words, objects, 
or people, while the latter involve greater activity in the hippocampus in the dominant left hemisphere. These physiological findings are consistent with the 
finding that lesions of the right hippocampus give rise to problems with spatial orientation, whereas lesions of the left hippocampus give rise to defects in verbal 
memory (Figure 62-6).

Explicit Memory Is Stored in Association Cortices
Lesions of the medial temporal lobe in patients such as H.M. and R.B. interfere only with the long-term storage of new memories. These patients retain a 
reasonably good memory of earlier events, although with severe lesions such as those of H.M. there appears to be some retrograde amnesia for the years just 
before the operation. How does this come about?

The fact that patients with amnesia are able to remember their childhood, the lives they have led, and the factual knowledge they acquired before damage to 
the hippocampus suggests that the hippocampus is only a temporary way station for long-term memory. If so, long-term storage of episodic and semantic 
knowledge would occur in the unimodal or multimodal association areas of the cerebral cortex that initially process the sensory information

For example, when you look at someone's face, the sensory information is processed in a series of areas of the cerebral cortex devoted to visual information, 
including the unimodal visual association area in the inferotemporal cortex specifically concerned with face recognition (see Box 28-1 and Chapter 28). At the 

same time, this visual information is also conveyed through the mesotemporal association cortex to the parahippocampal, perirhinal, and entorhinal cortices, 
and from there through the perforant pathway to the hippocampus. The hippocampus and the rest of the medial temporal lobe may then act, over a period of 
days or weeks, to facilitate storage of the information about the face initially processed by the visual association area of the inferotemporal lobe. The cells in the 
visual association cortex concerned with faces are interconnected with other regions that are thought to store additional knowledge about the person whose face 
is seen, and these connections could also be modulated by the hippocampus. Thus the hippocampus might also serve to bind together the various components 
of a richly processed memory of a person.

Viewed in this way the hippocampal system would mediate the initial steps of long-term storage. It would then slowly transfer information into the neocortical 
storage system. The relatively slow addition of information to the neocortex would permit new data to be stored in a way that does not disrupt existing 
information. If the association areas are the ultimate repositories for explicit memory, then damage to association cortex should destroy or impair recall of 
explicit knowledge that is acquired before the damage. This is in fact what happens. Patients with lesions in association areas have difficulty in recognizing 
faces, objects, and places in their familiar world. Indeed, lesions in different association areas give rise to specific defects in either semantic or episodic memory.

Semantic (Factual) Knowledge Is Stored in a Distributed Fashion in the Neocortex
As we have seen, semantic memory is that type of long-term memory that embraces knowledge of objects, facts, and concepts as well as words and their 
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Figure 62-5 The anatomical organization of the hippocampal formation.

A. The key components of the medial temporal lobe important for memory storage can be seen in the medial (left) and ventral (right) surface of the cerebral 
hemisphere.

B. The input and output pathways of the hippocampal formation.

Thus, in processing information for explicit memory storage the entorhinal cortex has dual functions. First, it is the main input to the hippocampus. The 
entorhinal cortex projects to the dentate gyrus via the perforant pathway and by this means provides the critical input pathway through which the polymodal 
information from the association cortices reaches the hippocampus (Figure 62-5B). Second, the entorhinal cortex is also the major output of the hippocampus. 

The information coming to the hippocampus from the polymodal association cortices and that coming from the hippocampus to the association cortices converge 
in the entorhinal cortex. It is therefore understandable why the memory impairments associated with damage to the entorhinal cortex are particularly severe 
and why this damage affects not simply one but all sensory modalities. In fact, the earliest pathological changes in Alzheimer disease, the major degenerative 
disease that affects explicit memory storage, occurs in the entorhinal cortex.
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Given the large size of the hippocampus proper, how extensive does a bilateral lesion have to be to interfere with explicit memory storage? Clinical evidence 
from several patients, as well as studies in experimental animals, suggests that a lesion restricted to any of the major components of the system can have a 
significant effect on memory storage. For example Squire, David Amaral, and their collegues found that the patient R.B. had only one detectable lesion after a 
cardiac arrest—a destruction of the pyramidal cells in the CA1 region of the hippocampus. Nevertheless, R.B. had a defect in explicit memory that was 
qualitatively similar to that of H.M., although quantitatively it was much milder.

The different regions of the medial temporal lobe may, however, not have equivalent roles. Although the hippocampus is important for object recognition, for 
example, other areas in the medial temporal lobe may be even more important. Damage to the perirhinal, parahippocampal, and entorhinal cortices that spares 
the underlying hippocampus produces a greater deficit in memory storage, such as object recognition than do selective lesions of the hippocampus that spare 
the overlying cortex

On the other hand, the hippocampus may be relatively more important for spatial representation. In mice and rats lesions of the hippocampus interfere with 
memory for space and context, and single cells in the hippocampus encode specific spatial information (Chapter 63). Moreover, functional imaging of the brain 

of normal human subjects shows that spatial memories involve more intense hippocampal activity in the right hemisphere than do memories for words, objects, 
or people, while the latter involve greater activity in the hippocampus in the dominant left hemisphere. These physiological findings are consistent with the 
finding that lesions of the right hippocampus give rise to problems with spatial orientation, whereas lesions of the left hippocampus give rise to defects in verbal 
memory (Figure 62-6).

Explicit Memory Is Stored in Association Cortices
Lesions of the medial temporal lobe in patients such as H.M. and R.B. interfere only with the long-term storage of new memories. These patients retain a 
reasonably good memory of earlier events, although with severe lesions such as those of H.M. there appears to be some retrograde amnesia for the years just 
before the operation. How does this come about?

The fact that patients with amnesia are able to remember their childhood, the lives they have led, and the factual knowledge they acquired before damage to 
the hippocampus suggests that the hippocampus is only a temporary way station for long-term memory. If so, long-term storage of episodic and semantic 
knowledge would occur in the unimodal or multimodal association areas of the cerebral cortex that initially process the sensory information

For example, when you look at someone's face, the sensory information is processed in a series of areas of the cerebral cortex devoted to visual information, 
including the unimodal visual association area in the inferotemporal cortex specifically concerned with face recognition (see Box 28-1 and Chapter 28). At the 

same time, this visual information is also conveyed through the mesotemporal association cortex to the parahippocampal, perirhinal, and entorhinal cortices, 
and from there through the perforant pathway to the hippocampus. The hippocampus and the rest of the medial temporal lobe may then act, over a period of 
days or weeks, to facilitate storage of the information about the face initially processed by the visual association area of the inferotemporal lobe. The cells in the 
visual association cortex concerned with faces are interconnected with other regions that are thought to store additional knowledge about the person whose face 
is seen, and these connections could also be modulated by the hippocampus. Thus the hippocampus might also serve to bind together the various components 
of a richly processed memory of a person.
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storage system. The relatively slow addition of information to the neocortex would permit new data to be stored in a way that does not disrupt existing 
information. If the association areas are the ultimate repositories for explicit memory, then damage to association cortex should destroy or impair recall of 
explicit knowledge that is acquired before the damage. This is in fact what happens. Patients with lesions in association areas have difficulty in recognizing 
faces, objects, and places in their familiar world. Indeed, lesions in different association areas give rise to specific defects in either semantic or episodic memory.

Semantic (Factual) Knowledge Is Stored in a Distributed Fashion in the Neocortex
As we have seen, semantic memory is that type of long-term memory that embraces knowledge of objects, facts, and concepts as well as words and their 

Stage 2. Transfer
But damage here can impair 

memory storage



Figure 62-5 The anatomical organization of the hippocampal formation.

A. The key components of the medial temporal lobe important for memory storage can be seen in the medial (left) and ventral (right) surface of the cerebral 
hemisphere.

B. The input and output pathways of the hippocampal formation.

Thus, in processing information for explicit memory storage the entorhinal cortex has dual functions. First, it is the main input to the hippocampus. The 
entorhinal cortex projects to the dentate gyrus via the perforant pathway and by this means provides the critical input pathway through which the polymodal 
information from the association cortices reaches the hippocampus (Figure 62-5B). Second, the entorhinal cortex is also the major output of the hippocampus. 

The information coming to the hippocampus from the polymodal association cortices and that coming from the hippocampus to the association cortices converge 
in the entorhinal cortex. It is therefore understandable why the memory impairments associated with damage to the entorhinal cortex are particularly severe 
and why this damage affects not simply one but all sensory modalities. In fact, the earliest pathological changes in Alzheimer disease, the major degenerative 
disease that affects explicit memory storage, occurs in the entorhinal cortex.
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Damage Restricted to Specific Subregions of the Hippocampus Is Sufficient to Impair Explicit 
Memory Storage
Given the large size of the hippocampus proper, how extensive does a bilateral lesion have to be to interfere with explicit memory storage? Clinical evidence 
from several patients, as well as studies in experimental animals, suggests that a lesion restricted to any of the major components of the system can have a 
significant effect on memory storage. For example Squire, David Amaral, and their collegues found that the patient R.B. had only one detectable lesion after a 
cardiac arrest—a destruction of the pyramidal cells in the CA1 region of the hippocampus. Nevertheless, R.B. had a defect in explicit memory that was 
qualitatively similar to that of H.M., although quantitatively it was much milder.

The different regions of the medial temporal lobe may, however, not have equivalent roles. Although the hippocampus is important for object recognition, for 
example, other areas in the medial temporal lobe may be even more important. Damage to the perirhinal, parahippocampal, and entorhinal cortices that spares 
the underlying hippocampus produces a greater deficit in memory storage, such as object recognition than do selective lesions of the hippocampus that spare 
the overlying cortex

On the other hand, the hippocampus may be relatively more important for spatial representation. In mice and rats lesions of the hippocampus interfere with 
memory for space and context, and single cells in the hippocampus encode specific spatial information (Chapter 63). Moreover, functional imaging of the brain 

of normal human subjects shows that spatial memories involve more intense hippocampal activity in the right hemisphere than do memories for words, objects, 
or people, while the latter involve greater activity in the hippocampus in the dominant left hemisphere. These physiological findings are consistent with the 
finding that lesions of the right hippocampus give rise to problems with spatial orientation, whereas lesions of the left hippocampus give rise to defects in verbal 
memory (Figure 62-6).

Explicit Memory Is Stored in Association Cortices
Lesions of the medial temporal lobe in patients such as H.M. and R.B. interfere only with the long-term storage of new memories. These patients retain a 
reasonably good memory of earlier events, although with severe lesions such as those of H.M. there appears to be some retrograde amnesia for the years just 
before the operation. How does this come about?

The fact that patients with amnesia are able to remember their childhood, the lives they have led, and the factual knowledge they acquired before damage to 
the hippocampus suggests that the hippocampus is only a temporary way station for long-term memory. If so, long-term storage of episodic and semantic 
knowledge would occur in the unimodal or multimodal association areas of the cerebral cortex that initially process the sensory information

For example, when you look at someone's face, the sensory information is processed in a series of areas of the cerebral cortex devoted to visual information, 
including the unimodal visual association area in the inferotemporal cortex specifically concerned with face recognition (see Box 28-1 and Chapter 28). At the 

same time, this visual information is also conveyed through the mesotemporal association cortex to the parahippocampal, perirhinal, and entorhinal cortices, 
and from there through the perforant pathway to the hippocampus. The hippocampus and the rest of the medial temporal lobe may then act, over a period of 
days or weeks, to facilitate storage of the information about the face initially processed by the visual association area of the inferotemporal lobe. The cells in the 
visual association cortex concerned with faces are interconnected with other regions that are thought to store additional knowledge about the person whose face 
is seen, and these connections could also be modulated by the hippocampus. Thus the hippocampus might also serve to bind together the various components 
of a richly processed memory of a person.

Viewed in this way the hippocampal system would mediate the initial steps of long-term storage. It would then slowly transfer information into the neocortical 
storage system. The relatively slow addition of information to the neocortex would permit new data to be stored in a way that does not disrupt existing 
information. If the association areas are the ultimate repositories for explicit memory, then damage to association cortex should destroy or impair recall of 
explicit knowledge that is acquired before the damage. This is in fact what happens. Patients with lesions in association areas have difficulty in recognizing 
faces, objects, and places in their familiar world. Indeed, lesions in different association areas give rise to specific defects in either semantic or episodic memory.
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Figure 62-5 The anatomical organization of the hippocampal formation.

A. The key components of the medial temporal lobe important for memory storage can be seen in the medial (left) and ventral (right) surface of the cerebral 
hemisphere.

B. The input and output pathways of the hippocampal formation.

Thus, in processing information for explicit memory storage the entorhinal cortex has dual functions. First, it is the main input to the hippocampus. The 
entorhinal cortex projects to the dentate gyrus via the perforant pathway and by this means provides the critical input pathway through which the polymodal 
information from the association cortices reaches the hippocampus (Figure 62-5B). Second, the entorhinal cortex is also the major output of the hippocampus. 

The information coming to the hippocampus from the polymodal association cortices and that coming from the hippocampus to the association cortices converge 
in the entorhinal cortex. It is therefore understandable why the memory impairments associated with damage to the entorhinal cortex are particularly severe 
and why this damage affects not simply one but all sensory modalities. In fact, the earliest pathological changes in Alzheimer disease, the major degenerative 
disease that affects explicit memory storage, occurs in the entorhinal cortex.
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Damage Restricted to Specific Subregions of the Hippocampus Is Sufficient to Impair Explicit 
Memory Storage
Given the large size of the hippocampus proper, how extensive does a bilateral lesion have to be to interfere with explicit memory storage? Clinical evidence 
from several patients, as well as studies in experimental animals, suggests that a lesion restricted to any of the major components of the system can have a 
significant effect on memory storage. For example Squire, David Amaral, and their collegues found that the patient R.B. had only one detectable lesion after a 
cardiac arrest—a destruction of the pyramidal cells in the CA1 region of the hippocampus. Nevertheless, R.B. had a defect in explicit memory that was 
qualitatively similar to that of H.M., although quantitatively it was much milder.

The different regions of the medial temporal lobe may, however, not have equivalent roles. Although the hippocampus is important for object recognition, for 
example, other areas in the medial temporal lobe may be even more important. Damage to the perirhinal, parahippocampal, and entorhinal cortices that spares 
the underlying hippocampus produces a greater deficit in memory storage, such as object recognition than do selective lesions of the hippocampus that spare 
the overlying cortex

On the other hand, the hippocampus may be relatively more important for spatial representation. In mice and rats lesions of the hippocampus interfere with 
memory for space and context, and single cells in the hippocampus encode specific spatial information (Chapter 63). Moreover, functional imaging of the brain 

of normal human subjects shows that spatial memories involve more intense hippocampal activity in the right hemisphere than do memories for words, objects, 
or people, while the latter involve greater activity in the hippocampus in the dominant left hemisphere. These physiological findings are consistent with the 
finding that lesions of the right hippocampus give rise to problems with spatial orientation, whereas lesions of the left hippocampus give rise to defects in verbal 
memory (Figure 62-6).

Explicit Memory Is Stored in Association Cortices
Lesions of the medial temporal lobe in patients such as H.M. and R.B. interfere only with the long-term storage of new memories. These patients retain a 
reasonably good memory of earlier events, although with severe lesions such as those of H.M. there appears to be some retrograde amnesia for the years just 
before the operation. How does this come about?

The fact that patients with amnesia are able to remember their childhood, the lives they have led, and the factual knowledge they acquired before damage to 
the hippocampus suggests that the hippocampus is only a temporary way station for long-term memory. If so, long-term storage of episodic and semantic 
knowledge would occur in the unimodal or multimodal association areas of the cerebral cortex that initially process the sensory information

For example, when you look at someone's face, the sensory information is processed in a series of areas of the cerebral cortex devoted to visual information, 
including the unimodal visual association area in the inferotemporal cortex specifically concerned with face recognition (see Box 28-1 and Chapter 28). At the 

same time, this visual information is also conveyed through the mesotemporal association cortex to the parahippocampal, perirhinal, and entorhinal cortices, 
and from there through the perforant pathway to the hippocampus. The hippocampus and the rest of the medial temporal lobe may then act, over a period of 
days or weeks, to facilitate storage of the information about the face initially processed by the visual association area of the inferotemporal lobe. The cells in the 
visual association cortex concerned with faces are interconnected with other regions that are thought to store additional knowledge about the person whose face 
is seen, and these connections could also be modulated by the hippocampus. Thus the hippocampus might also serve to bind together the various components 
of a richly processed memory of a person.

Viewed in this way the hippocampal system would mediate the initial steps of long-term storage. It would then slowly transfer information into the neocortical 
storage system. The relatively slow addition of information to the neocortex would permit new data to be stored in a way that does not disrupt existing 
information. If the association areas are the ultimate repositories for explicit memory, then damage to association cortex should destroy or impair recall of 
explicit knowledge that is acquired before the damage. This is in fact what happens. Patients with lesions in association areas have difficulty in recognizing 
faces, objects, and places in their familiar world. Indeed, lesions in different association areas give rise to specific defects in either semantic or episodic memory.

Semantic (Factual) Knowledge Is Stored in a Distributed Fashion in the Neocortex
As we have seen, semantic memory is that type of long-term memory that embraces knowledge of objects, facts, and concepts as well as words and their 
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meaning. It includes the naming of objects, the definitions of spoken words, and verbal fluency.

Figure 62-6 The role of the hippocampus in memory. We spend much of our time actively moving around our environment. This requires that we have a 
representation in our brain of the external environment, a representation that can be used to find our way around. The right hippocampus seems to be 
importantly involved in this representation, whereas the left hippocampus is concerned with verbal memory.

A. The right hippocampus is activated during learning about the environment. These scans were made while subjects watched a film that depicted navigation 
through the streets of an Irish town. The activity during this task was compared with that in the control task where the camera was static and people and cars 
came by it. In the latter case there was no learning of spatial relationships and the hippocampus was not activated. Areas with significant changes in activity, 
indexed by local perfusion change, are indicated in yellow and orange. The scan on the left is a coronal section and the scan on the right is a transaxial 
section; in each panel the front of the brain is on the right and the occipital lobe on the left. (From Maguire et al. 1996.)

B. The right hippocampus also is activated during the recall by licensed taxi drivers of routes around the city of London. These people spend a long time 
learning the intricacies of the road network in the city and are able to describe the shortest routes between landmarks as well as the names of the various 
streets. The right parahippocampal and hippocampal regions are significantly activated when they do this task. The scan on the left is a coronal section and the 
scan on the right is a transaxial section; in each panel the front of the brain is on the right and the occipital lobe on the left. Areas with significant changes in 
activity, indexed by local perfusion change, are depicted in yellow and orange. (From Maguire et al. 1996.)

C. Three anatomical slices in the coronal (left upper), transverse (right upper), and sagittal (right lower) planes show activation (red) in the left 
hippocampus associated with the successful retrieval of words from long lists that have to be memorized. A = anterior, P = posterior, I = inferior.
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Explicit Information is Stored in the Association 
Cortices (Distribution!)

HM and RB for instance had no trouble in recalling 
childhood memories in great detail

So what is actually happening when we see a face…
1) initial processing
2) hippocampus helps to begin long term formation
3) over time, the transfer is completely to the 

association areas
4) thus, damage to an association area should impair 

long term memories
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Episodic (Autobiographical) Knowledge About Time and Place Seems to Involve the Prefrontal 
Cortex
Whereas some lesions to multimodal association areas interfere with semantic knowledge, others interfere with the capacity to recall any episodic event 
experienced more than a few minutes previously, including dramatic personal events such as accidents and deaths in the family that occurred before the 
trauma. Remarkably, patients with loss of episodic memory still have the ability to recall vast stores of factual (semantic) knowledge. One patient could 
remember all personal facts about his friends and famous people, such as their names and their characteristics, but could not remember any specific events 
involving these individuals.

The areas of the neocortex that seem to be specialized for long-term storage of episodic knowledge are the association areas of the frontal lobes. These 
prefrontal areas work with other areas of the neocortex to allow recollection of when and where a past event occurred (Chapter 19). A particularly striking 

symptom in patients with frontal lobe damage is their tendency to forget how information was acquired, a deficit called source amnesia. Since the ability to 
associate a piece of information with the time and place it was acquired is at the core of how accurately we remember the individual episodes of our lives, a 
deficit in source information interferes dramatically with the accuracy of recall of episodic knowledge.

Explicit Knowledge Involves at Least Four Distinct Processes
We have learned three important things about episodic and semantic knowledge. First, there is not a single, all-purpose memory store. Second, any item of 
knowledge has multiple representations in the brain, each of which corresponds to a different meaning and can be accessed independently (by visual, verbal, or 
other sensory clues). Third, both semantic and episodic knowledge are the result of at least four related but distinct types of processing: encoding, 
consolidation, storage, and retrieval (Figure 62-9).

Encoding refers to the processes by which newly learned information is attended to and processed when first encountered. The extent and nature of this 
encoding are critically important for determining how well the learned material will be remembered at later times. For a memory to persist and be well 
remembered, the incoming information must be encoded thoroughly and deeply. This is accomplished by attending to the information and associating it 
meaningfully and systematically with knowledge that is already well established in memory so as to allow one to integrate the new information with what one 
already knows. Memory storage is stronger when one is well motivated.

Consolidation refers to those processes that alter the newly stored and still labile information so as to make it more stable for long-term storage. As we shall 
learn in the next chapter, consolidation involves the expression of genes and the synthesis of new proteins, giving rise to 
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structural changes that store memory stably over time.

Figure 62-9 Encoding and retrieving episodic memories. Areas where brain activity is significantly increased during the performance of specific memory 
tasks are shown in orange and red on surface projections of the human brain (left hemisphere on the right, right hemisphere on the left).

A. Activity in the left prefrontal cortex is particularly associated with the encoding process. Subjects were scanned while attempting to memorize words paired 
with category labels: country—Denmark, metal—platinum, etc.

B. Activity in the right frontal cortex is associated with retrieval. Four subjects were presented with a list of category labels and examples that were not paired 
with the category. The subjects were then scanned when attempting to recall the examples. In addition to right frontal activation a second posterior region in 
the medial parietal lobe (the precuneus) is also activated.

Storage refers to the mechanism and sites by which memory is retained over time. One of the remarkable features about long-term storage is that it seems to 
have an almost unlimited capacity. In contrast, short-term working memory is very limited.
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