
  
    How We Learn

  


  
    
      	
        “What sculpture is to a block of marble, education is to the human soul.”


        —Joseph Addison

      

      	
        Acquiring and Remembering Information

      
    

  


  Learning is memory; memory, learning. Learning entails two processes: acquiring and retaining. Psychologists and educators would call these processes short-term memory and long-term memory. Whether we are learning a telephone number, a chess strategy,


  a role in a play, a dance step, or how to recover from a computer mishap, in order to say that we have learned something we must be able to demonstrate that not only have we acquired the knowledge or skill, i.e., that we understand it and can use it properly, but that we also have retained that understanding so that we may continue to use it over time. If we learn how to use something but forget soon afterward and must look it up (on the Internet, in a reference book, or from an associate), then we have only done half the job. To completely learn something, we must be able to use it repeatedly and independently. If I must continue to refresh a memory, I have only partially learned it.


  A word of clarification is in order: To remember something is not the same thing as to memorize something. To memorize something is not the same thing as to learn something. Memory is used in two senses here. If I learn to play a Bach sonata, that means that I have mastered the notes and can play them for an audience. However, it does not mean that I have committed it to memory, or memorized it. Or I might learn to make a souffle without memorizing the ingredients. Or I might learn how to use a complex statistical formula without memorizing its elements. On the other hand, in all three cases, I might commit the elements to memory—the note, the ingredients, and the mathematical symbols, so that I am free of the texts that bear them. To memorize is a specific kind of learning goal that does not necessarily entail understanding. I could memorize a Latin quotation and speak it impressively at my next cocktail party without understanding a jot of it. So, the two meanings that we will necessarily modulate between are as follows: to remember how to use, do, or apply something, without regard to whether we need prompting as to the specifics, and to remember all of the details of something without needing any prompting as to the specifics. The first is like conducting Beethoven’s Fifth Symphony from a score, while the second is like conducting without the score. In both cases the conductor has learned the piece, but only in the second case have they memorized it. One can learn how to do something, and remember how to do it, without having memorized it.


  Another key point to keep in mind with respect to how we use the word memory is that it comes in different modes: memory for words (e.g., a poem), for numbers (e.g., telephone numbers or the times tables), for images (e.g., faces or artworks), for sounds (e.g., specific engine noises or melodies), for movements (e.g., dance steps), for nomenclatures and organizational schemes (e.g., an organization chart or the periodic table of elements), for interpersonal idiosyncrasies (e.g., what motivates different people), and for personal preferences (e.g., things I do and don’t like). These eight areas are called talents, or multiple intelligences, and are discussed in more detail in chapter 29.


  In this chapter we will focus initially on the mechanics of learning and memory. We will follow this by presenting researchers’ recommendations on how to learn most effectively. Because so many findings must be presented, I have sought an organization scheme to help make sense of them. I found such a scheme in the writings of one of the great thinkers of the Renaissance, Rotterdam’s Desiderius Erasmus, who wrote in 1512 (in Latin!), “The best memory is based on three important things: namely study, order, and care.” Memory expert Joan Minninger (1984) has renamed these three emphases as “rehearse, file and intend.” I could paraphrase the two of them as “allow time for practice, find a pattern to help you make the meaning personal, and make up your mind that you really want to remember it.” I would change the sequence, however, in order to emphasize the importance of making up your mind that you in fact want to remember something. That comes first—when you decide you strongly want to learn and remember something, it behooves you to find a pattern to facilitate memory and then to practice it repeatedly. Intend, file, and rehearse.


  Here is an example from a common situation: You meet someone and really want to remember their name, for whatever reason (possible romantic connection, political ally, someone to recruit for a service project, and so forth). Thus, you intend or care to remember their name. Second, you say to yourself, “Her name is Amanda Campbell. What pattern about her suggests Amanda, or Campbell? Well, she has red hair, and the red could be associated with the famous Campbell’s soup can. She also has noticeable hair on her upper lip, making her look somewhat manly. So, A-MAN-da Campbell.” You then picture a can of Campbell’s soup with her face on it with a pronounced mustache. You make up your mind to say her name several more times that evening. Each time you say it silently, you picture the soup can. Eventually, when you see her, you see the soup can and the name comes to mind. Associating the name with the soup can and mustache is the file or order phase of the process, and repeating the name in association with the image is the rehearse or study phase.


  After I present the mechanics of learning and memory, you will find the remainder of the chapter organized in these three groupings:


  •Strategies for intending to, or wanting to, or caring about remembering


  •Strategies for organizing, associating, or filing the new learning in some meaningful way


  •Strategies for practicing, rehearsing, or studying what you have successfully put into short-term memory so that it will transfer into long-term memory


  Note: In earlier editions of this book I included a section on so-called learning styles. However, a report in Psychological Science in the Public Interest in December of 2008 called into question the usefulness of learning styles. According to the “meshing” hypothesis, when students of a certain style are taught by a teacher employing that style, the student learns more than students who are taught by a teacher whose style does not mesh with or match the student’s. However, according to the authors (Pashler, McDaniel, Rohrer, and Bjork, 2008), “The contrast between the enormous popularity of the learning-styles approach within education and the lack of credible evidence for its utility is, in our opinion, striking and disturbing. If classification of students’ learning styles has practical utility, it remains to be demonstrated” (p. 117). They concluded that the desire of the individual student to learn and their effectiveness in pursuit of learning is independent of stylistic differences.


  The Mechanics of Memory


  Research on memory has taken a significant turn in recent years. Memory used to be regarded as a structure; now it is seen as a process. A memory was thought of as a single unit with an identifiable place of residence somewhere in the brain that could be recalled when necessary. Now a memory is viewed as a reconstruction from many different chunks stored redundantly throughout the brain (see topic 20.2). Bartlett (1932, p. 213) foresaw this development when he wrote:


  Remembering is not the re-excitation of innumerable fixed, lifeless, and fragmentary traces. It is an imaginative reconstruction, or construction, built out of the relation of our attitude towards a whole active mass of organized past reactions or experience, and to a little outstanding detail which commonly appears in image or in language form. It is thus hardly ever really exact, even in the most rudimentary cases of rote recapitulation, and it is not at all important that it should be so.


  This new view of memory was brought dramatically to the public’s awareness after John Dean’s testimony at the Watergate hearings. Viewers were initially impressed with Dean’s avowed excellent memory for detail. But when his testimony was later compared with accurate records of conversations, viewers (and Dean himself) were flabbergasted to learn that most of his testimony was at best flawed and at worst made up.


  Bolles (1988, p. 23) describes the process of memory this way: “We remember what we understand; we understand only what we pay attention to; we pay attention to what we want.” In other words, experience arouses emotion, which fixes attention and leads to understanding and insight, which results in memory. Bolles continues: “Attention is like digestion. We do not store the food we eat; we break it down so that it becomes part of our body. Attention selects parts of experience and uses [them] to nourish our memories. We do not store this experience, we use it. Of course, we eat many things that we do not digest and we also experience many things without paying them any attention” (p. 183).


  Defining Memory


  Memory is learning that sticks. Before memory, potential new learnings linger briefly in a kind of “scratchpad” about the size of a postage stamp that is located in the right prefrontal cortex, above the right eye and about one inch behind the forehead. This working-memory area can hold the proverbial seven plus or minus two bits of information (see topic 20.19) until such time as we decide to make a permanent record of it. When we decide to remember it, new synapses form, old synapses are strengthened, or both. These new or strengthened connections are the new learning. The synaptic connections are the molecular equivalent of a chunk of newly learned material, such as a telephone number. Initially, as we learn, a protein called kinase C (PKC) is deposited among certain hippocampal neurons, according to Daniel Alkon of the Marine Biological Laboratory, Woods Hole, Massachusetts. (Note: Neuroscientist Aryeh Routtenberg of Northwestern University has put forth a rival explanation, in which new proteins are not what form the new synapse, but rather a reshaping of existing ones. Watch for more on this.) Apparently, kinase C causes the branches of the brain cells to narrow. When they have narrowed and formed new synapses, learning has occurred. Unless the learning is converted into long-term memory, however, it will disappear, just as new muscle fiber will break down if it is not used. Again, we must use it or lose it.


  Researchers on a team drawn from both the University of Texas Medical School at Houston and the University of Houston have reported the discovery of transforming growth factor B (TGF-B), a protein that works as a kind of congealing agent to solidify new synapses (Science, March 1997). In research with snails, the Texas team discovered that the presence of TGF-B was associated with substantially higher electrical charges, hence stronger responses to stimuli. The discovery of this protein shows that, in addition to “use it or lose it,” we also need the proper chemical makeup. Watch this line of research; it could well lead to breakthroughs in the treatment of Alzheimer’s disease and other memory disorders.


  With continued use, the hippocampal cells extend the storage of the new learning to the cerebral cortex, which then becomes the primary location of long-term storage and retrieval (see appendix A). When a new learning chunk reaches the cerebral cortex, it apparently is stored for the long term. Larry Squire, of the University of California, San Diego, describes the hippocampus as a kind of broker that binds memory until the cortex takes over and becomes its handler. And Gazzaniga (1988) reports that memory occurs not just in the brain but throughout the nervous system. In animal research, animals lacking a hippocampus can remember remote items but not recent items, whereas animals with intact hippocampi remember recent items better than remote items, which is the normal condition. Anders Bjorklund of the University of Lund in Sweden has demonstrated that aging rats with deteriorated hippocampi are unable to learn new skills, yet they are able to learn and remember after receiving transplants of good hippocampal cells from young rats.


  What we know about memory formation is shown in figure 20.1. The perception of an event triggers activity at the synapse. The quality of this activity depends on the person’s readiness (fatigue, stress, medication) and volition (intention to remember, emotional arousal). Assuming that the person is ready and waiting to capture the event as a memory, protein kinase C is released and settles around the synapse, thus forming the basis of memory (or, as Routtenberg suggests, existing proteins are reshaped). With subsequent recall and practice, the new connection strengthens.


  [image: ]


  Figure 20.1. The Process of Memory Formation


  Memory appears to be fully developed by eight years of age. At that point, we remember an average of one bit of information out of every 100 we receive. There is some debate about the relationship of memory to IQ, but I agree with those who hold that they are apparently unrelated. As I read the research, I am convinced that if memory and IQ appear to be directly related, it is because those with higher IQs usually try to acquire more learning than those with lower IQs. In a competition between adult humans and five-year-old rhesus monkeys, the University of Texas Health Science Center in Houston reported that after viewing a series of slides, humans and monkeys both got 86 percent right on a 10-item test in which they were shown the slides with new slides mixed in and asked to press a lever when they recognized a familiar slide. One of the reasons that people who score high on conventional IQ tests also have excellent memories is that conventional IQ tests include so many questions whose correct answers rely on a good memory. A purer IQ test would separate memory as just one variable. Of course, this all depends on how one defines intelligence. My attempt to define a comprehensive, integrated view of intelligence is presented in chapter 29.


  Remember that it is not sufficient to learn a new concept, skill, or body of information; you must convert it into long-term memory. In other words, if you take the time to read a book or article, say, on how to be a better listener, you probably will not remember the skills or concepts unless you practice one or more of the three strategies described in topic 20.4.


  A Note on Genetics and Learning


  Researchers are discovering specific genes that affect various aspects of the learning process (APA Monitor, May 1997, p. 29). For example, the gene named Linott is associated with the ability to form a new learning; fruit flies (Drosophila) whose Linott gene is missing are unable to form new learnings, but flies whose Linott was removed
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