Learning and Memory


Part 1 - The Nature of Learning and Memory
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A very rough idea of how the major components needed by a central system to mediate behavior vary across phyla is conveyed by the figure below. It can be seen that reflexes and instincts govern the lives of most invertebrates and lower vertebrates, with increasing contribution of motivated behavior in more complex vertebrates.
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We now consider an additional ability, and an essential one for most animals, the ability to learn and to remember what is learned. We shall discuss first the nature of learning and memory, and then consider what is known thus far about mechanisms.

Definition of Learning


The word "learning" shares with other  words we use, like "instinct" and "motivation," the problem of being a term in wide daily use. The ethologist S. A. Barnett (1981) maintained that 

"colloquial terms with many definitions, such as learning, are useful only as labels for general categories of phenomena. On this view it is inappropriate to ask what is the essence of the definition of learning."

This criticism notwithstanding, neurobiologists go right ahead and work on what they believe to be the problem of learning, so we need an appropriate definition for what we believe we are working on.

A very broad definition would state that 

learning is an adaptive change in behaviour caused by experience.

For the neurobiologist, the usefulness of this statement lies in a careful definition of each of the terms within it:

· Adaptive indicates that the change must have some meaning for the behavior of the animal and the survival  of the species.

· By change, we mean that there must be a measurable difference between the behavior before and after some identi​fiable or imposed event. The change must be selective for the parts of the nervous system mediating the specific behavior, not just some general change in the animal, like increased metabolism or growing bigger. By the same token, it must be independent of ongoing devel​opment or maturation. It should not be simply a reflection of fatigue, damage, or injury, or the normal habituation properties of receptors and nerves.

· The behavior must involve central sys​tems of the whole organism. It should not be confined to a part of the periph​eral nervous system, or a single point in a sensory or motor pathway.

Although these qualifications may seem burdensome, we shall see that each one has meaning when we come to the experimental analysis of mechanisms.

Definition of Memory

Closely allied to learning is memory. A tentative, broad definition could be: 

Mem​ory is the storage and recall of previous experiences.

This is a definition that applies as easily to computers as to animals. Memory is necessary for learning; it is the mechanism whereby an experience is incorporated into the organism, so that it can later be used to bring about adaptive changes in behav​ior. In lower organisms, the mechanism for storage of information may involve almost any cellular or neuronal process that can be perturbed by experience or actions of the environment. In higher vertebrates, and especially humans, we usually think of memories as those experiences that are sub​ject to conscious recall. In many cases these recollections may be impressions of the passing world and bear no obvious relation to learning. In this sense, memory may include more than the mechanisms specific for learning.

Although everyone agrees that the mech​anisms for learning and memory are found in the nervous system, there has been con​siderable debate about whether one could ever learn anything about them, or indeed, whether one should learn about them. Many cognitive psychologists, for example, believe that theories about learning and memory should be self-consistent and self-sufficient, without recourse to neuronal mechanisms. In this view, psychologists and physiologists should each have their own theories; if one tries to join the two, it can only result, in the opinion of B. F. Skinner, in "bad physiology and bad psychology." For most neurobiologists, this view is outdated, and one of the goals of modern research is to join the two levels into a coherent framework.

In Search of the Engram

An early and powerful voice in the debate on memory mechanisms was that of the psychologist Karl Lashley. In 1950, he published a paper entitled "In Search of the Engram." Engram is another word for memory trace. Lashley had spent most of a lifetime carrying out experiments on rats designed to reveal the presence of memory traces in different parts of the brain. He concluded that engrams do not exist; that memories are not localized in any one structure within the brain, but are distributed diffusely throughout the brain.
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In a way, this was the reticular theory of Golgi reincarnated with a vengeance. Just as the reticular theory made rational investigation of neuronal organization seem hopeless, so the idea of memory mechanisms spread diffusely throughout the brain seemed also to deny that they could be experimentally revealed. Lashley even observed, only half humorously, that after lifetime of studying learning he was beginning to doubt it could exist! Lashley's famous essay had a power​ful influence on the field, and it took a generation to reveal the shortcomings of his experiments and interpretations, and supplant them with a more optimistic view based on modern techniques.
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Cell Assemblies and Synapses

The conceptual framework for the approach of modern neurobiologists to the study of the neuronal mechanisms underly​ing learning and memory was laid down by two other psychologists, Donald Hebb of Montreal and Jerzy Konorski of Poland, in the late 1940s. Both drew on notions dating back to Cajal that learning and memory must involve changes in nervous circuits. Hebb, in his book on The Organization of Behavior (1949), hypothesized that a psychological function, like memory (or emotion or thought), is due to activity in a cell assembly, in which the cells are connected together in specific circuits. He suggested that when a cell is active, its synaptic connections become more effective (see figure 1.4 and relative caption). This effectiveness may be a relatively short-lived increase in excitability, as in short-term memory, or it may involve some long-lasting structural change in the synapse, as in long-term memory. Konorski's ideas were similar. The concept that brain functions are mediated by cell assemblies and neuronal circuits has be​come widely accepted, as will be evident in the next pages, and most neuro​biologists believe that plastic changes at synapses are crucial mechanisms of learning and memory.

Since the 1950s, many anatomists, biochemists, and electrophysiologists have been searching for clues to the postulated changes in synapses. Some of the main types of approaches that have been used are summarized in Table 1.1. We cannot review all this work here, and for further information the student will want to refer to textbooks and reviews in behavior, psychobiology, and physiological psychology. Much of this work was carried out before modern methods of cell biology were available. Also, many of the most sensational results have been found, on reexamination, to require more modest, or alternative, interpretations.


A prime example is the recognition of the crucial importance of arousal. When an animal is tested in a learning task, its level of arousal, attention, motivation, and distraction are critical determinants of its performance. Many of the findings in studies of interanimal transfer of learning (see item 2 under Biochemical in Table 1) have turned out to be attributable to non-specific effects of the injected extracts on arousal, rather than on specific pathways in learning. Similar interpretations apply to several of the items under Electrophysiological in the table. This identification of the pervasive role of arousal and attention in learning is itself a valuable result, and is in accord with the importance of these functions for many aspects of behavior. 

With regard to specific mechanisms of learning, most of the approaches listed in Table 1 may be regarded mainly as a historical background. For the remainder of this essay, we will focus on modern research of recent years, which has shown that the postulated mechanisms of plastic changes at synapses can indeed be investi​gated at the cellular and molecular level. Thus, the field of learning and memory holds out some of the best prospects for understanding how cells and synaptic cir​cuits provide the basis for behavior.

Types of Learning and Memory

Since behavior takes a variety of forms, it should not be surprising that there are a number of different types of learning and memory. Table 2 lists the main categories. The plan of this essay is to consider each of these types in turn, with the exception of short-term memory. Many types of learning have their counterparts in invertebrates as well as vertebrates. In the following, we will try to illustrate each type with examples.

	Table 1.2 - Main categories of learning and memory

	Types of learning
	Types of memory

	Simple
	· immediate

	· habituation
	· short-term

	· sensitization
	· long-term

	Associative
	· specific

	· passive (classical)
	

	· operant (instrumental)
	

	· one-trial (aversion)
	

	Complex
	

	· imprinting
	

	· latent
	

	· vicarious
	


Table 1.1 – Historical overview of some of the early experimental approaches to mechanisms of learning and memory





Fig. 1.1 - Schematic portrayal of the relative development of different modes of adaptive behavior in phylogeny. (Modified from Dethier and Stellar, 1964).





Fig. 1.4 - The original concept of the "cell assembly" and the "Hebb synapse" (Hebb, 1949):


... perceptual integration would not be accomplished directly, but only as a slow development, and, for the purposes of exposition, at least, would involve several distinct stages, with the first of which we shall now be concerned.


The general idea is an old one, that any two cells or systems of cells that are repeatedly active at the same time will tend to become "associated," so that activity in one facilitates activity in the other….


The proposal is most simply illustrated by cells A, B, and C in [the] figure...A and B, visual-area cells, are simultaneously active. The cell A synapses ... with a large number of cells in 18, and C ... happens to lead back into 17… The cells in the region of 17 to which C leads are being fired by the same massive sensory excitation that fires A, and C would almost necessarily make contact with some cell B that also fires into 18.


. . With repetition of the same massive excitation in 17 the same firing relations would recur and, according to the assumption made, growth changes would take place at synapses AC and CB. This means that A and B, both afferent neurons of the same order, would no longer act independently of each other.


At the same time, … A would also … synapse … with a cell D which leads back into an unexcited part of 17, and there synapses with still another cell E. ... The synapse DE, however, would be unlikely to be traversed, since it is not, like CB, exposed to concentrated afferent bombardment. Upon frequent repetition of the particular excitation in area 17, a functional relationship of activity in A and B would increase much more than a relationship of A to E.





Fig. 1.3 - Another of the experiments carried out by Lashley: the blue areas represent lesioned regions made in the attempt to destroy the acquired memory. The task memorized was the position of the platform in a Morris water maze. 





Fig. 1.2 - One of the experiments carried out by Lashley: the lines represent the planes of sections made in the attempt to destroy the acquired memory. 
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