hapter 5 Cognitive Changes with Aging

This chapter discusses

· • Research on cognitive functions with normal aging

· • Measurement of intelligence in older adults

· • Individual and environmental factors that influence intelligence

· • How we learn, and how aging affects the learning process

· • The importance of learning and memory for everyday life

· • Attention and its centrality for learning

· • Individual and environmental factors that affect how older people learn

· • Tip-of-the-tongue states as an example of difficulty in retrieval

· • Cognitive retraining and other ways to help older adults improve their learning and memory skills

· • What is required to achieve wisdom and creativity in old age

One of the most important and most studied aspects of aging is cognitive functioning; that is, intelligence, learning, and memory. These are critical to an individual’s performance in every aspect of life, including work and leisure activities, social relationships, and productive roles. Older people who have problems in cognitive functioning will eventually experience stress in these other areas as well, along with an increasing incongruence between their competence levels and the demands of the environment. Researchers have attempted to determine whether normal aging is associated with a decline in the three areas of cognitive functioning and, if so, to what extent such a decline is due to age-related physiological changes. Much of the research on these issues has evolved from studies of cognitive development across the life course. Other studies have been undertaken in response to concerns expressed by older persons or their families that they cannot learn as easily as they used to or that they have more trouble remembering names, dates, and places than previously.

Intelligence and Aging

Intelligence is difficult to both define and to measure. Of all the elements of cognition, it is the least verifiable. We can only infer its existence and can only indirectly measure individual levels. Intelligenceis generally defined as the “theoretical limit of an individual’s performance” (Jones, 1959, p. 700). While the limit is determined by biological and genetic factors, the ability to achieve this limit is influenced by environmental opportunities such as challenging learning experiences as well as by environmental constraints (e.g., the absence of books or other intellectual stimulation). Intelligence encompasses a range of capabilities, including the ability to deal with symbols and abstractions, acquire and comprehend new information, adapt to new situations, and understand and create new ideas. Alfred Binet, who developed the first test of intelligence, emphasized the operational aspects of intelligence: “to judge well, to comprehend well, to reason well, these are the essentials of intelligence” (Binet& Simon, 1905, p. 106). In general, both experts and laypersons agree that intelligence consists of three major sets of abilities: problem-solving, verbal, and social competence (Cavanaugh & Blanchard-Fields, 2006). Intelligence quotient (IQ) refers to an individual’s relative abilities in some of these areas compared to other people of the same chronological age.

MEASURES OF FLUID INTELLIGENCE

· • spatial orientation

· • abstract reasoning

· • word fluency

· • inductive reasoning

MEASURES OF CRYSTALLIZED INTELLIGENCE

· • verbal meaning

· • word association

· • social judgment

· • number skills

A multidimensional structure of intelligence is assumed by most contemporary tests. Such tests measure a subset of intellectual skills known as primary mental abilities (PMAs), which include:

· • number or mathematical reasoning

· • word fluency, or the ability to use appropriate words to describe the world

· • verbal meaning or vocabulary level

· • inductive reasoning, or the ability to generalize from specific facts to concepts

· • spatial relations, or the capacity to orient oneself in a three-dimensional space

· • verbal memory, or the ability to retain and recall words, sentences, and passages from readings

· • perceptual speed

A useful distinction is made between fluid intelligence and crystallized intelligence (Cattell, 1963; Horn, 1970, 1982; Horn & Donaldson, 1980). These two types of intelligence include some of the primary mental abilities described above. Fluid intelligence consists of skills that are biologically determined, independent of experience or learning, and may be similar to what is popularly called “native intelligence.” It involves processing information that is not embedded in a context of existing information for the individual and thus requires flexibility in thinking. Crystallized intelligence refers to the knowledge and abilities that the individual acquires through education and lifelong experiences. It includes social judgment and the ability to understand subtle meanings in verbal communication. These two types of intelligence show different patterns with aging, as discussed in the next section.

There has been considerable controversy regarding intelligence in the later years. Many researchers have identified significant differences between young and old persons on intelligence tests in cross-sectional studies, with older persons performing at a much lower level. Even when the same cohort is followed longitudinally, there is a decline in some intelligence tests that is independent of generational differences (Schaie, 1996a, 1996b). Others conclude that aging is not really associated with decrements in intelligence. However, standardized IQ tests and the time limits on test-takers may be more detrimental to older persons than to the young.

Many older persons are concerned that their intelligence has declined. This concern may loom so large for them that merely taking part in a study intended to “test their intelligence” may provoke sufficient anxiety to affect their performance. Such anxieties may also influence daily functioning. Older people who are told by friends, family, test-givers, or society in general that they should not expect to perform as well on intellectual tasks because aging causes a decline in intelligence may, in fact, perform more poorly.

The most widely used measure of adult intelligence is the Wechsler Adult Intelligence Scale (WAIS). It consists of 11 subtests, 6 of which are Verbal Scales (which measure, to some extent, crystallized intelligence) and 5 are Performance Scales (providing some indication of fluid intelligence). The performance tests on the WAIS are generally timed; the verbal tests are not.

Verbal scores are obtained by measuring an individual’s ability to:

· • define the meaning of words

· • interpret proverbs

· • explain similarities between words and concepts

In this way, accumulated knowledge and abstract reasoning can be tested.

Performance tests focus on an individual’s ability to manipulate unfamiliar objects and words, often in unusual ways:

· • tests of spatial relations

· • abstract reasoning

· • putting puzzles together to match a picture

· • matching pictures with symbols or numbers

· • arranging pictures in a particular pattern

Both psychomotor and perceptual skills are needed in performing these tasks. A consistent pattern of scores on these two components of the WAIS is labeled the Classic Aging Pattern. People age 65 and older in some studies, and even earlier in others, perform significantly worse on Performance Scales (i.e., fluid intelligence), but their scores on Verbal Scales (i.e., crystallized intelligence) remain stable. This tendency to do worse on performance tasks may reflect age-related changes in noncognitive functions, such as sensory and perceptual abilities, and in psychomotor skills. These changes, in turn, may make the older person more susceptible to interference during the learning or performance process (Hasher et al., 2002). As seen in Chapters 3 and 4, aging results in a slowing of the neural pathways and of the visual and auditory functions. This slower reaction time, and the delay in receiving and transmitting messages through the sense organs, explains poorer performance on subtests requiring such capabilities. Some researchers therefore argue for the elimination of time constraints in performance tasks. Studies that have not measured speed of performance have still found significant age differences in these subtests, however (Salthouse, 1996). Performance-related aspects of intellectual function appear to decline independent of psychomotor or sensory factors. Speed of cognitive processing, such as the time to perform simple math problems, also declines with age and, in turn, slows an individual’s responses on tests of performance.

Turning to verbal skills, the Classic Aging Pattern suggests that the ability to recall stored 
verbal information and to use abstract reasoning tends to remain constant throughout life. Declines, where they exist, typically do not show up until advanced old age, or, in the case of cognitive impairment such as the dementias, they tend to begin early in the course of the disease.

SUMMARY OF AGE-RELATED CHANGES IN INTELLIGENCE

· • Peak performance varies by test, usually between the late 30s and early 40s.

· • Performance on timed tests declines more than on non-timed tests.

· • Performance on non-timed tests remains stable until the 80s.

· • People rarely decline in all five PMAs.

· • High scorers continue to do well even among the oldest-old.

· • Declines in tests of fluid intelligence begin earlier than in crystallized intelligence (“classic aging pattern”).

Problems in the Measurement of Cognitive Function

A major shortcoming of many studies of intelligence in aging is their use of cross-sectional research designs rather than longitudinal approaches. Age differences that are obtained in cross-sectional studies may reflect cohort or generational differences rather than actual age changes. In particular, modifications in educational systems, increasing levels of education, and the widespread access to the Internet and digital media have profoundly influenced the experiences of today’s youth when compared with those of people who grew up in the early to mid-twentieth century. These cohort and historical factors may then have a greater effect on intelligence scores than age per se (Schaie, 2005).

Subject attrition, or dropout from longitudinal studies of intelligence, is another problem. There is a pattern of selective attrition, whereby the people who drop out tend to be those who have performed less well, who perceive their performance to be poor, or whose health status and functional abilities are worse than average. The people who remain in the study (i.e., “the survivors”) performed better in the initial tests than did dropouts. This is consistent with our earlier observation that older persons often become unduly anxious about poor performance on tests of intellectual function. Hence, the results become biased in favor of the superior performers, indicating stability or improvement over time. They do not represent the wider population of older adults, whose performance might have shown a decline in intelligence (Schaie, 1996a, 2005).

Longitudinal Studies of Intelligence


Intellectual stimulation can help sustain higher-level cognitive skills.

Several major classic longitudinal studies have examined changes in intellectual function from youth to old age. Perhaps the best known and longest-lasting of these is the Seattle Longitudinal Study (SLS), which began in 1956 and has collected data on Thurstone’s primary mental abilities every 7 years for more than 50 years (Schaie, 1996a, 1996b, 2005). At each follow-up assessment, individuals who are still available from the original sample are retested, along with a new, randomly selected sample from the same population. This study has provided the basis for the development of sequential research models, described in Chapter 1. Peak performance varies across tests and between men and women, ranging from age 32 on the test of numbers for men and age 39 on the test of reasoning for women. Age decrements that become progressively worse in later years are observed after age 60 on tests of word fluency, numbers, and spatial orientation. Tests of spatial orientation and inductive reasoning—both indicators of fluid intelligence—show greater decline with age. Men experience earlier declines in spatial abilities than in other tests, whereas women slow down earlier on tests of word fluency than in other areas. However, other primary mental abilities, such as verbal meaning and numerical skills, show only minimal declines until the mid-70s. These results are supported by other, shorter longitudinal studies that have found little change over three years (Christensen et al., 1999; Zelinski, Gilewski, and Schaie, 1993). The findings suggest that the Classic Aging Pattern holds up in both cross-sectional and longitudinal studies, and that some performance aspects of intelligence may begin to deteriorate after age 60, although substantial changes are generally rare until the 80s (Schaie, 2005, 2006).
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FIGURE 5.1 Proportion of Individuals Who Maintain Scores on Multiple Abilities

SOURCE: K. W. Schaie, The hazards of cognitive aging, The Gerontologist 29 (1989): 484–493. Copyright 1989 by Oxford University Press–Journals. Reproduced with permission of Oxford University Press–Journals in the format textbook and other book via Copyright Clearance Center.

In all these studies, most of the significant declines occur in intellectual abilities that are less practiced and require speed. Schaie (1996a, 1996b, 2005) concludes that the changes observed in the SLS indicate a normative developmental transition from stability in general intelligence in the middle years to a gradual decline that begins around age 60. Most people in the SLS maintained their abilities in one or more areas well into their advanced years, as shown in Figure 5.1. Only about 33 percent of participants showed decrements between ages 60 and 67. About 40 percent declined between ages 67 and 74, and even between ages 74 and 81 only 50 percent experienced significant diminishment. Notably, Schaie and his colleagues found no linear decline in all five primary mental abilities for any participants as old as age 88. Declines during the middle years (ages 46–60) on delayed recall and word fluency tests and on tests of psychomotor speed may predict cognitive impairment in old age (Schaie, 1996a, 1996b, 2005, 2006).

Factors That May Influence Intelligence in Adulthood

Researchers who have compared intelligence test scores of older and younger persons have found wide variations in the scores of both groups. Older test-takers generally obtain poorer scores, but age per se is only one factor in explaining differences.

There is also a biological factor in intelligence, such that some people are innately more intelligent than others. However, it is difficult to determine the relative influence of biological factors, because it is impossible to measure the specific mechanisms of the brain that account for intelligence. Structural changes in the brain and in neural pathways occur with aging, as seen in Chapter 3. These changes, however, are generally diffused and not focused in a particular region of the brain. It is therefore impossible to determine what specific changes in the brain and its pathways may account for the age-related deterioration that is observed.

Other variables that have been examined are educational attainment, involvement in complex versus mechanistic work, cardiovascular disease, hypertension, and sensory deficits. Some studies have found cohort differences on tests of intelligence, with newer cohorts of older people performing better than previous cohorts who took the same test at about the same age. These variations emerge primarily on tests of crystallized and less on fluid intelligence and psychomotor speed, even when comparing adult children their parents (Schaie et al., 1992; Schaie& Willis, 1995; Willis &Schaie, 2006). Newer cohorts’ advantage has been attributed to higher educational attainment. Therefore, it is important to control statistically for educational differences when analyzing the relationship between age and intelligence. Significant positive effects of education were found on all tests of cognitive function when comparing healthy adults age 70 to 79 with different educational levels. In particular, participants with the highest level of education (12+ years) did three times better on a test of abstract thinking than did people with 7 or fewer years of education (Inouye et al., 1993).

INTELLECTUALLY ACTIVE ELDERS

Increasingly, more older adults continue to participate in intellectually challenging jobs well beyond their 60s and 70s. For example, college campuses are full of retired faculty who retain emeritus status and who continue to teach or conduct research well into their 80s. One of the Poet Laureates of the United States was Stanley Kunitz, appointed at age 95. He continued to write poetry in his 90s and died at age 100. Another active nanogenarian is Dr. Hilary Koprowski, whose research in 1948 led to the widespread adoption of a live vaccine to immunize children against polio. Koprowski, now age 93, continues to conduct medical research at Thomas Jefferson University in Philadelphia and is a linguist and an active music composer. Likewise, James Wiggins continued to edit a weekly newspaper in Ellsworth, Maine well into his 90s.

Occupational level, which is generally associated with education, also influences intelligence test scores. Older people who still use their cognitive abilities in jobs or activities that require thinking and problem-solving show less decline on cognitive tests than those who do not use these skills. This is because most of the observed decrements in intellectual abilities occur in highly challenging, complex tasks. In addition, people whose occupations demand more verbal skills (e.g., lawyers and teachers) may continue to perform very well on these aspects of intelligence tests. Those who use more abstract and 
fluid skills in their occupations (e.g., architects and engineers) are more likely to do well on the performance tests of the WAIS well into their 70s and 80s. In general, older people who do not participate in any intellectual pursuits perform worse on intelligence tests than do their peers who are “cognitively engaged.” The nature of intellectual activities is also important; those who participate in complex work and leisure activities with more opportunities for self-direction show consistently higher scores, even among the oldest-old (Mackinnon et al., 2003; Schooler &Mulatu, 2001; Schooler, Mulatu, Oates, 2004).

The effects of declining physical health and sensory losses on intelligence become more severe in the later years and may displace any positive influence due to education and occupation for people who are 75 years and older. Several studies have identified poorer performance on intelligence tests by older people with conditions such as diabetes, hypertension, and cardiovascular disease, particularly in tests that demand psychomotor speed (Elias et al., 2004; Hassing et al., 2004; Knopman et al., 2000; Rosnick et al., 2004). In the Seattle Longitudinal Study, participants with cardiovascular disease declined at younger ages on all tests of mental abilities than did those with no disease (Schaie, 1996a, 2006). Participants in the Baltimore Longitudinal Study were tested on working memory, nonverbal memory, and naming tests. Cognitive decline was greatest in people with higher systolic blood pressure, but even more among less educated volunteers (i.e., 12 years of education or less). Research examining how day-to-day changes in blood pressure affect cognitive functioning showed that older adults with high blood pressure perform worse on tests of verbal learning and numerical skills when their blood pressure exceeds their personal average. Use of antihypertensive medications to control high blood pressure attenuates this decline (Gamaldo, Weatherbee, &Allaire, 2008; Murray et al., 2002; Waldstein, Giggey, Thayer, &Zonderman, 2005).

Nutritional deficits may also impair an older person’s cognitive functioning. One study of community-dwelling, healthy older persons (ages 66–90) examined their performance on multiple tests of cognitive functioning and nutritional status longitudinally. Older people with low intake of vitamins E, A, B6, and B12 at baseline performed worse on visiospatial and abstraction tasks six years later; those who used vitamin supplements did better (Larue et al., 1997). These findings reinforce the results of research on the impact of nutritional deficiencies on physical performance, described in Chapter 4.

As noted in Chapter 3, hearing loss is common in older persons, especially in the lower frequency range, so that it affects their ability to comprehend speech. Visual deficits become more severe in advanced old age. Poorer performance by some test-takers who are very old may be due primarily to these sensory losses, not to a central cognitive decline. Older persons with hearing or vision loss do especially poorly on tests of verbal meaning and spatial relations (Lindenberger&Baltes, 1994).

An apparent and rapid decline in cognitive function within five years of death is another physical health factor that appears to be related to intelligence test scores. This phenomenon is known as the terminal drop, or terminal decline hypothesis, first tested by Kleemeier (1962). In longitudinal studies of intelligence, older subjects who decline more sharply are found to die sooner than good performers. This has been observed on many different tests, especially in verbal meaning, spatial and reasoning ability, and psychomotor speed (Bosworth et al., 1999). This suggests that the time elapsed since birth (i.e., age) is not as significant in intellectual decline as is proximity to death.

Finally, anxiety may negatively affect older people’s intelligence test scores. As noted earlier, older test-takers are more likely than the young to express high test anxiety and cautiousness in responding. These same reactions may occur in older people taking intelligence tests, especially if they think that the test really measures how “intelligent” they are. Anxieties about cognitive decline and concerns about dementia may make older people even more cautious, and hence result in poorer performance on intelligence tests.

HEALTH CONDITIONS THAT AFFECT PERFORMANCE

· • cardiovascular disease

· • hypertension

· • nutritional deficits

· • depression

· • hearing loss

· • terminal drop

The Process of Learning and Memory

Learning and memory are two cognitive processes that must be considered together. That is, learning is assumed to occur when an individual is able to retrieve information accurately from his or her memory store. Conversely, if an individual cannot retrieve information from memory, it is presumed that learning has not adequately taken place. Thus, learning is the process by which new information (verbal or nonverbal) or skills are encoded, or put into one’s memory. The specific parts of the brain involved in this process are the hippocampus, which first receives and processes new stimuli, and the cerebral cortex, where memories are stored. Some of the most exciting research in this field is focused on the process of neuronal development as learning occurs. Memory is the process of retrieving or recalling the information that was once stored; it also refers to a part of the brain that retains what has been learned throughout a person’s lifetime. Researchers distinguish three separate types of memory: sensory, primary or short-term, and secondary or long-term.

Sensory memory, as its name implies, is the first step in receiving information through the sense organs and passing it on to primary or secondary memory. It is stored for only a few tenths of a second, although there is some evidence that it lasts longer in older persons because of the slower reaction times of the senses. Sensory memory is further subdivided into iconic (or visual) and echoic (or auditory) memory.Examples of iconic memory are:

· • words or letters that we see

· • faces of people with whom we have contact

· • landscapes that we experience through our eyes

Of course, words can be received through echoic memory as well, such as when we hear others say a specific word or when we repeat words aloud to ourselves. A landscape can also enter our sensory memory through our ears (e.g., the sound of the ocean), our skin (the feel of a cold spray from the ocean), and our nose (the smell of salt water). To the extent that we focus on or rehearse information that we receive from our sense organs, it is more likely to be passed into our primary and secondary memories.

Despite significant changes in the visual system with aging (as described in Chapter 3), studies of iconic memory find only small age differences in the ability to identify stimuli presented briefly. Such modest declines in iconic memory would not be expected to influence observed decrements in secondary, or long-term, memory. Although research on iconic memory is limited, there has been even less with echoic memory and less still that has compared older persons with younger. We have all experienced the long-term storage of memories gained through touch, taste, or smell. For example, the aroma of freshly baked bread often evokes memories of early childhood. However, these sensory memories are more difficult to test. As a result, very little is known about changes with other modes of sensory memory.

Working, or primary memory is a temporary stage of holding, processing, and organizing information and does not necessarily refer to a storage area in the brain. Despite its temporary nature, working memory is critical for our ability to process new information. We all experience situations where we hear or read a bit of information such as a phone number or someone’s name, use that name or number immediately, then forget it. In fact, most adults can recall seven, plus or minus two pieces, of information (e.g., digits, letters, or words) for 60 seconds or less. It is not surprising, therefore, that local phone numbers in most countries are seven digits or fewer, although the addition of area codes for local dialing makes it more difficult to retain this information in our permanent memory store (secondary, or long-term, memory). In order to retrieve information later, it must first be rehearsed or “processed” actively. This is why primary memory is described as a form of “working memory” that decides what information should be attended to or ignored—which is most important—and how best to store it. If we are distracted while trying to retain the information for the 60 seconds that it is stored in short-term memory, we immediately forget it, even if it consists of only two or three bits of information. This happens because the rehearsal of such material is interrupted by the reception of newer information in our sensory memory. Most studies of primary memory have found minimal age differences in its storage capacity, but the encoding process which occurs in primary memory declines. This requires some organization or elaboration of the information received. Older persons are less likely than young people to process new information in this manner. Indeed, some argue that aging leads to a decline in “attentional resources,” or mental energy, to organize and elaborate newly acquired information in order to retain it in secondary memory (Bopp &Verhagen, 2005; Zacks, Hasher, & Li, 2000). In fact, many of the age-related changes observed in different components of attention may explain these problems with working memory.

RETRIEVING OLD MEMORIES

A person may have learned many years ago how to ride a bicycle. If this skill has been encoded well through practice, the person can retrieve it many years later from his or her memory store, even if he or she has not ridden a bicycle in years. This applies to many other skills learned early in life, from remembering childhood prayers to diapering a baby.

Another explanation for this slowing process is that perceptual speed—the time required to recognize a stimulus and respond to it—deteriorates with aging. According to this theory, older people have more problems holding information in their working memory while receiving new stimuli through sensory memory (“simultaneity”). This is compounded by the possibility that it takes longer for older people to ignore irrelevant stimuli and complete working memory tasks (Salthouse, 1996). For example, if an older driver is trying to locate a street address that was just given but is also listening to news on the radio, the driver is less likely to remember the street address than would a younger driver in the same situation.

True learning implies that the material we acquire through our sensory and primary memories has been stored in “secondary memory.” For example, looking up a telephone number and immediately dialing it does not guarantee that the number will be learned. In fact, only with considerable rehearsal can information from primary memory be passed into secondary memory. Secondary memory is the part of the memory store in which everything we have learned throughout our lives is kept; unlike primary memory, it has an unlimited capacity. The different components of secondary memory are described in Table 5.1 (page 188). Researchers have demonstrated significant declines in some components, but very little or no change in others.
TABLE 5.1 Types of Secondary Memory

	It is important to recognize that secondary memory is not unilateral but has several components. The types of memory listed here (and many others) appear to be influenced differently by the aging process.

	MEMORY TYPE
	DESCRIPTION

	Episodic memory
	Consciously recalling specific events or episodes

	Explicit memory
	Consciously attempting to keep a stimulus in one’s mind, in a specific order (e.g., a poem, a mental “to do” list)

	Flashbulb memory
	Remembering specific events that have personal relevance, and the emotions triggered by the events (e.g., remembering where one was and how one reacted to the September 11, 2001, terrorist attacks on the World Trade Center)

	Implicit memory
	Unintentionally remembering stimuli that were acquired without paying attention (e.g., words or music to an old song that one did not even realize one knew)

	Procedural memory
	Often nonverbal, this type of memory relies on motor functions, such as riding a bike or playing a piece on the piano without reading the music.

	Semantic memory
	The storehouse of words and facts that have accumulated over one’s lifetime

	Source memory
	Remembering where one saw or heard a new piece of information (e.g., source of an article read on healthy aging)

	Prospective memory
	The task of remembering to do something in the future (e.g., remembering to keep a medical appointment)


Older adults consistently recall less information than younger people in paired-associates tests with retention intervals as brief as one hour or as long as eight months. Age differences in secondary memory appear to be more pronounced than in sensory or primary memory and are often frustrating to older people and their families. Indeed, middle-aged and older people are frequently concerned that they cannot remember and retrieve information from secondary memory. The perception of oneself as having a poor memory can seriously harm older adults’ self-concept and performance on many tasks, and may even result in depression. Such concern, growing out of a fear of dementia, is generally out of proportion to the actual level of decline (Pearman&Storandt, 2004; Verhaeghen, Geraerts, &Marcoen, 2000). Older individuals can benefit significantly from methods to help organize their learning, such as imagery and the use of mnemonics. Examples of such techniques to improve learning and memory are discussed later in this chapter.

The Information-Processing Model

The information-processing model of memory is presented in Figure 5.2. As a conceptual model, it provides a framework for understanding how the processes of learning and memory take place. It is not necessarily what goes on in the neural pathways between the sense organs and the secondary memory store. Having described each of the components in this model, we next review the steps involved in processing some information that we want to retain. One example is the experience of learning new names at a social gathering. Sensory memory aids in hearing the name spoken, preferably several times by other people, and seeing the face that is associated with that name. Primary memory is used to store the information temporarily so that a person can speak to others and address them by name (an excellent method of rehearsing this information), or manipulate the information in order to pass it on to secondary memory. This may include repeating the name several times, trying to isolate some aspect of the person’s physical features and relate it to the name, and associating the name with other people one has known in the past who have similar names. In the last type of mental manipulation, information from secondary memory (i.e., names of other people) is linked with the new information. This is a useful method because the material in secondary memory is permanent, and associating the new information with well-learned information aids in its storage and subsequent recall.
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FIGURE 5.2 Schematic Representation of the Information-Processing Model

During any stage of this cognitive processing, the newly obtained information can be lost. This may occur if the sensory memory is flooded with similar information; in this case, if a person is being introduced to multiple new names and faces at a party, it is almost impossible to distinguish the names or to associate each name with a face. Information may also be lost during the primary memory stage. In our example, if a person is trying to use a newly heard name and is distracted by other names and faces or receives unrelated information (e.g., a telephone call) while rehearsing the new name, the name has not been sufficiently processed in working memory to pass into secondary memory.
The learning process may also be disrupted because of the inability to retrieve information efficiently from secondary memory. For example, a person may associate the newly heard name with someone known in the past; if he or she has difficulty retrieving the stored name from secondary memory, however, this may be so frustrating as to redirect the individual’s attention from the new name to the old name. How often have you ignored everything around you to concentrate on remembering a name that is “on the tip of the tongue” (i.e., in secondary memory) but not easily retrievable? As noted above, aging appears to reduce the efficiency of processing information in sensory and primary memory (i.e. encoding), and has less effect on retrieval from secondary memory. It does not influence the storage capacity of primary or secondary memories. That is, contrary to popular opinion, these memory stores are not physical spaces that become overloaded with information as we age. Table 5.1 lists some key types of secondary memories. Although researchers have linked some types of memory to specific regions of the brain (e.g., episodic memory occurs in the medial temporal lobe, while procedural memory takes place in the striatum), this does not mean that they take up physical space in these areas. Episodic memory has been shown to decline the most with aging, especially after age 60. Nevertheless, more educated older adults and those given more practice opportunities during the learning process show less deterioration. These advantages have been demonstrated for both episodic and semantic memory (Hoyer &Verhaeghen, 2006; Rönnlund et al., 2005). Not surprisingly, semantic memory shows the least decline with aging because it is stimulated by words and concepts learned throughout one’s lifetime. Procedural memory is also retained into advanced old age; even people who have not ridden a bike in 50 years can get on and start pedaling, albeit, perhaps, somewhat wobbly at first. Some age-related decline occurs in procedural memory where the elder is asked to remember a future event or time, but the effect is less dramatic than for episodic memory. Some researchers have demonstrated that source memory is not independent, but a component of episodic memory (Hoyer &Verhaeghen, 2006; Johnson, 2005; Siedlecki, Salthouse, &Berish, 2005).

AIDS TO WORKING MEMORY

The popularity of phones with digital memory for storing multiple phone numbers attests to the problem that people of all ages have with primary memory. Rather than looking up important phone numbers or attempting to memorize them, we can store these in the phone and retrieve them with the push of one or two buttons. Another technological development that can help reduce the information we must store in our minds is the personal digital assistant (PDA). These handheld devices are useful for storing phone numbers, addresses, and memos and even helping with orientation to physical space via a global positioning system (GPS). As older adults become more comfortable with these new technologies, they may experience less stress about retaining newly acquired information.
The Importance of Learning and Memory in Everyday Life

As noted above, one of older adults’ most common complaints is their difficulty when attempting to learn and remember new names. Researchers find that older learners have more problems than young adults in experiments of face and name learning tests. Even among younger people, recalling a person’s name is more difficult than remembering their occupation. This is because information about an occupation is meaningful (e.g., we can visualize a person “doing” or “performing” a job or relate it to our own work), but names often do not have a semantic association to help process the new information (Fraas et al., 2002; Reese & Cherry, 2004; Rendell, Castel, & Craik, 2005). The best learning of new names occurs when older adults are told they will be asked to recall the names later. Information about the name to be recalled (e.g., facial features, a link between face and name) can help older learners, whether they are given this information or they generate the descriptors themselves (Troyer et al., 2006).
Executive Function in Older Adults

An important component of learning is executive function, which is the ability to organize one’s learning. It includes planning, decision-making, avoiding interference or distraction from other stimuli while using one’s working memory and learning new content, and the ability to shift attention from one task to another and to modify cognitive and spatial sets as new information is received. Normal aging is associated with mild declines in executive function, but older adults with dementia—as well as younger and older adults with depression or obsessive compulsive disorders—experience significant impairment in this ability to organize their learning (Brooks, Weaver, &Scialfa, 2006; Gunstad et al., 2006; Watkins et al., 2005). Elders who exhibit decrements in executive function over time also show signs of decline in instrumental activities of daily living (IADL), described in Chapter 4 as the functional ability to perform daily self-care activities (Royall et al., 2004). Problems with executive function and working memory may predict difficulties an elder will have with medication adherence. Scores on executive function 
and working memory explained more variance in elders’ ability to take their drugs as prescribed than did their age, level of education, or illness severity. Executive function was even better than total memory scores in predicting medication adherence (Insel et al., 2006).

Can executive function be improved? Recent studies suggest that this may be possible with intensive cognitive intervention. An innovative study examined elders in Experience Corps, a high-intensity volunteer program that assigns older adults to work with schoolchildren. Elders who were trained to help primary schoolchildren with reading, behavior management, and in parent outreach were compared with their counterparts who did not receive any training. After 4 to 8 weeks of involvement in this program, elders who were trained scored higher on tests of executive function and memory compared to their baseline scores and compared with control group elders. Improvements by 44 to 51 percent were particularly dramatic for older adults with impaired executive function at baseline. In contrast, elders in the control group with impaired executive function showed a decline from baseline levels to follow-up. The researchers attribute these gains in executive function among volunteers to the complex environment of schools, with their cognitive challenges and diverse stimuli that Executive Corps volunteers must master (Carlson et al., 2008).

Factors That Affect Learning in Old Age

The Importance of Attention

Attention is a critical component of cognition, especially in the learning process. Researchers address three components of attention as central to people’s ability to perform many different functions, including learning new skills and facts. These include selection, vigilance (or sustained attention), and attentional control under conditions of divided attention (Parasuraman, 1998).

Selective attention requires both conscious and unconscious skills; the learner must be able to select information relevant to a task while ignoring irrelevant information. Researchers who have tested age differences in selective attention have used visual search tasks, in which subjects must search for a target item in an array of items shown under different conditions. Older people do somewhat worse than young research subjects in such studies, but only under more complex conditions. Vigilance, or sustained attention, requires the individual to look out for a specific stimulus over time. This is the type of attention that air traffic controllers must use when watching for blips (each one representing an airplane) on a radar screen. In complex tasks in which each signal requires some decision (e.g., directing a plane to change its flight course upon seeing the blip), older people do worse than young adults. However, few differences between young and old are found when the task is simple or does not place significant demands on memory, or when participants have had practice with that type of vigilance or are told to ignore irrelevant information. Age effects emerge when an event to be attended to shows up in an unpredictable pattern (Einstein, Earles, & Collins, 2002; Rogers & Fisk, 2001). Attentional control is the individual’s ability to determine how much attention should be directed at specific stimuli and when to shift focus to other stimuli. This is particularly important under conditions of divided attention. In such cases, the individual attempts to perform multiple tasks at the same time, such as listening to the radio or conversing on a cell phone when driving, or speaking on the phone in the kitchen while cooking a multicourse dinner. Experiments with divided attention tasks have used stimuli in the same sensory mode (e.g., listening to two channels of music or words simultaneously) or different sensory systems (e.g., listening to spoken words while reading a different set of words). As with the other two components of attention, age differences are not as dramatic as once thought. If the older person has had practice with managing multiple tasks (e.g., an experienced cook who can prepare multiple dishes simultaneously), it is just as easy for old and young subjects to shift their attention. To the extent that a task becomes practiced or “automatic,” even if these skills were developed many years ago, an older person can perform them without any more attentional control than a young person. However, the more complex the activities demanded by each task, the more it affects an older person’s ability to perform the tasks simultaneously. Furthermore, if the individual is anxious while taking tests that require divided attention, older adults do worse than do younger test-takers (Hogan, 2003; Whiting, 2003).

Practical Implications of Attention Changes with Aging

A better understanding of what causes age-related changes in attention and the nature of such changes can improve the person–environment (P–E) interface and competence for older people and their responses for maintaining active aging. For example, by examining each step of the task of driving under different conditions, researchers can focus on specific elements of selective attention, vigilance, and attentional control. Drivers must attend to important cues such as changes in traffic signals, traffic flow, and the speed of other cars. Vigilance plays an important role in long-distance driving, especially on monotonous stretches of interstate highways. By breaking down each component of driving and determining which conditions help or hinder older drivers, designers of traffic systems can place warning signs or traffic lights in the most complex locations in order to prevent accidents. Concurrently, classes aimed at older drivers can take advantage of this knowledge to improve students’ selective attention and vigilance skills under diverse driving conditions. As described in Chapter 4, older adults are disproportionately involved in motor vehicle accidents. A better understanding of age-related attention changes can reduce their high accident rates.

Environmental and Personal Factors

One problem with assessing learning ability is that it is not possible to measure the process that occurs in the brain while an individual is acquiring new information. Instead, we must rely on an individual’s performance on tests that presumably measure what was learned. This may be particularly disadvantageous to older persons, whose performance on a test of learning may be poor because of inadequate or inappropriate conditions for expressing what was learned (Hess, Rosenberg, & Waters, 2001). For example, an older person may in fact have learned many new concepts in reading a passage from a novel, but not necessarily the specific concepts that are called for on a test of learning. Certain physical conditions may affect performance and thus lead to underestimates of what the older person has actually learned. These include:

· • an unfamiliar learning environment

· • poor lighting levels and small font size

· • tone and volume of the test-giver’s voice in an oral exam

· • time constraints placed on the test-taker

The learning environment can be improved, however. Some ways to do this include:

· • glare-free and direct lighting

· • lettering of good quality

· • larger fonts

· • color contrast

· • a comfortable test-taking situation with minimal background noise

· • a relaxed and articulate test-giver

As noted above, time constraints are particularly detrimental to older people. Although the ability to encode new information quickly is a sign of learning ability, it is difficult to measure. Instead, response time is generally measured. As we have already seen, psychomotor and sensory slowing with age has a significant impact on elders’ response speed. Declines in perceptual speed, which can be measured separately from memory skills per se, may be a major reason why older people do worse on memory tests. Researchers have shown that perceptual speed accounts for a significant part of the observed age-related variance in memory performance. Even when older research subjects are given more time to complete tests of memory, their perceptual speed still plays a significant role in their performance (Ratcliff, Spieler, &McKoon, 2000; Salthouse, 1996).
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Computers provide elders with intellectual and social opportunities.

The general slowing hypothesis proposed by Salthouse (1996) suggests that processing of information slows down in the nervous system with aging. This results in more problems with responding to complex tasks, with older subjects doing worse on tests involving more decisions than do younger people. This hypothesis also implies that older people perform worse under multitasking conditions (e.g., working on a computer while speaking on the phone and listening to the radio) than do younger people. Research on paired-associates tasks has demonstrated that older persons make more errors of omission than errors of commission. That is, older persons are more likely not to give an answer than to guess and risk being wrong. This phenomenon was first recognized in middle-aged and older adults in tests of psychomotor functioning. The older the respondent, the more likely that the person has to work for accuracy at the expense of speed. This occurs even when the older learner is encouraged to guess and is told that it is acceptable to give wrong answers (i.e., commission errors). Conditions of uncertainty and high risk are particularly difficult for older persons, where they are far more cautious than the young. Low-risk situations elicit less caution from older adults and greater willingness to give responses in a learning task. The aging process may create an increased need to review multiple aspects of a problem, probably because of past experiences with similar dilemmas. Errors of omission may be reduced somewhat by giving rewards for both right and wrong answers, thereby forcing an answer.

Verbal ability and educational level are important factors in learning verbal information. Studies that entail learning prose passages show age deficits among those with average vocabulary abilities and minimal or no college education. In contrast, older persons with high verbal ability and a college education perform as well as younger subjects in such experiments. This may be due to greater practice and facility with such tasks on the part of more educated persons and those with good vocabulary skills. It may also reflect differences in the ability to organize new information, a skill that is honed through years of education and one that assists in the learning of large quantities of new material.

Stability in performing familiar perceptual-motor tasks may also occur because the accomplished performer of a specific task makes more efficient moves than does a less-skilled person. Such differences are evident in many areas demanding skill, from typing and driving to playing a musical instrument or operating a lathe. Therefore, older workers can overcome the effects of slower psychomotor speed and declines in learning skills by their greater experience in most occupations. As described above with respect to divided attention, older people who are experienced in performing specific tasks show no age decrements in these activities.


The conditions under which learning takes place affect the old more than the young, just as test conditions are more critical. Older persons respond differently to varied testing situations; people tested under challenging conditions (“this is a test of your intelligence”) are likely to do worse than those in supportive conditions (“the researcher needs your help”). Positive feedback appears to be a valuable tool for eliciting responses from older adults in both learning and test situations. Fatigue may also play a role. Older adults perform better on tests of working memory in the morning when they are more alert. They perform worse than young adults on these same tasks in the evening (West et al., 2002).

Pacing the rate of information flow makes it suitable to learners of any age and gives them opportunities to practice the new information (e.g., writing down or spelling aloud newly learned words). Self-pacing is most beneficial for older learners, followed by a moderate pace set by the test-giver. Older adults do much worse than younger adults when information is presented in a fast-paced manner. Another condition that supports learning is the presentation of familiar and relevant material compared to information perceived by the older learner to be unimportant. Older people do worse in recalling recently acquired information than do younger people when the new material is unfamiliar or confusing. Age differences also emerge when the material to be learned has low meaning and personal significance to the learner. Laboratory studies of cognitive functioning often seem artificial and meaningless to older adults who are unaccustomed to such research methods, and even more so to those with little academic experience. Many people will complain that such tests are trivial, nonsense, or that the tasks have no connection to the “real world.”

Spatial memory—that is, the ability to recall where objects are in relationship to each other in space (e.g., using a map or finding one’s way back to where the car is parked)—also appears to decline with aging. It is unclear, however, if older people do worse than the young because they have difficulty encoding and processing the information or if the problem is in retrieval. It appears that there is an age-related decline in encoding ability for spatial information. Older people have more difficulty than younger persons in reading maps that are misaligned relative to the user. For example, when older people stand in front of a “You are here” map that is aligned 180 degrees away from their orientation, they take up to 50 percent more time and make 30 percent more errors than younger persons in the same condition. However, when the map is aligned directly with the user, no age differences are observed. This may be attributable to increased problems with mental rotation of external images and with perspective-taking as we age. Older adults also perform less well than younger people when they are shown a set of items in a certain arrangement, then the items are removed, and they are asked to reconstruct the objects in the same arrangement (Aubrey, Li, & Dobbs, 1994; Das &Agarwai, 2000).

Age-Related Changes in Memory

EXAMPLES OF RETRIEVAL

Recall
·  Free recall “List the capitals of each state.” “Describe how to repair a bicycle tire.”

·  Cued recall “The capital of New York begins with the letter ‘A’; what is it?”

Recognition
·  “Which of these three cities is the capital of New York?”

·  “All but one of the following is a type of memory. Select the one that is not.”

As we have seen, learning involves encoding information and storing it into secondary or long-term memory so that it can be retrieved and used later. Studies of this process have focused on two types of retrieval: recall and recognition. Recall is the process of searching through the vast store of information in secondary memory, perhaps with a cue or a specific, orienting question. Recognition requires less search. The information in secondary memory must be matched with the stimulus information in the environment. Recall is demanded in essay exams, recognition in multiple-choice tests.

Not surprisingly, most researchers identify age-related deficiencies in recall but few differences in recognition. This may be due to the context in which multiple stimuli are presented, triggering cues for the test-taker. Recall tasks have been further divided into free recall and cued recall situations. In the former, no aids or hints are provided for retrieving information from secondary memory. In the latter case, the individual is given some information to aid in the search (e.g., category labels and the first letter of a word). Older people tend to do less well than the young in tests of free recall but are aided significantly by cueing. In particular, use of category labels (semantic cues) at the learning stage is found to be more helpful to older persons than the use of structural cues—for example, giving the respondent the first letter of a word to be recalled. However, cued recall tests are not as helpful as recognition tests for older learners.

The question of whether older people have better recall of events that occurred in the distant past than recent situations is unclear. Many events are firmly embedded in secondary memory because they are unique or so important that subsequent experiences do not interfere with the ability to recall them. The birth of a child, one’s wedding ceremony, or the death of a parent, partner, or sibling are events that most people can recall in detail 40 or more years later. This may be because the situation had great personal significance or—in the case of world events, such as the bombing of Hiroshima or the terrorist attacks of 9/11/01—had a profound impact on world history. Some distant events may be better recalled because they have greater personal relevance for the individual’s social development than recent experiences, or because they have been rehearsed or thought about more. Another possibility is that cues that helped the older person recall events in the past are less effective with recalling recent occasions because of “cue-overload.” That is, the same cues that were once helpful in remembering certain information are also used to recall many recent events, but the cues are so strongly associated with one’s earlier life experiences that the newer information becomes more difficult to retrieve. For example, older people may have difficulty memorizing new phone numbers because the cues that helped them recall phone numbers in the past may be so closely associated with previous ones that they confuse recent phone numbers with old ones.

One problem in determining whether recall of distant situations is really better than recall of recent events is the difficulty in validating an older person’s memories. In many cases, there are no sources that can be checked to determine the accuracy of such recollections. We can all identify with the process of asking an old friend or family member “Do you remember the time when …?” If others have no recollection of the event, it may make us wonder if the situation really took place, or it may mean that the event was so obscure that it made no impact on other people. Hence, such memories are difficult to measure accurately.

Several theories are offered to explain why older people may have problems with retrieving information from secondary memory. One explanation is that not using the information results in its loss (the disuse theory). This theory suggests that information can fade away or decay unless it is exercised, as in the adage “use it or lose it.” However, this explanation fails to account for the many facts that are deeply embedded in a person’s memory store and that can be retrieved even after years of disuse.

A more widely accepted explanation is that new information interferes with the material that has been stored over many years. As we have noted earlier, interference is a problem in the learning or encoding stage. When the older person is distracted while trying to learn new information, this information does not become stored in memory. Poor retrieval may be due to a combination of such distraction during the learning stage and interference by similar or new information with the material being searched in the retrieval stage. Although researchers in this area have not conclusively agreed on any of these explanations, the interference theory appears to hold more promise than others for explaining observed problems with retrieval.

Tip-of-the-Tongue States

Tip-of-the-tongue states (TOTs) represent a specific type of difficulty in retrieval. We all experience situations when we know the name of a place or person but cannot immediately recall it. This might be the name of a favorite restaurant or park or a famous actor, character in a story, or an acquaintance we have not seen in many years. Features of TOTs are that the target word is familiar and will be recalled by searching through one’s memory, drawing associations from similar names, or mentally focusing on an image of the place or person. TOTs are also distinguished by a feeling of imminence—the sense that one can “almost” remember it or that it is on the “tip of one’s tongue” (Schwartz, 2002).

Although all people experience TOTs, both anecdotal evidence and cross-sectional studies show that TOTs increase with age. Two different theories have been offered to explain this. The decrement model suggests that memory networks deteriorate with aging and TOTs are a manifestation of these impaired networks (Brown & Nix, 1996). The second model focuses on incremental knowledge gain with aging, whereby the cumulative knowledge and vocabulary of older adults can cause more names in secondary memory to interfere with the name to be recalled (Dahlgren, 1998). When we experience a TOT, most of us can rely on:

· 1. spontaneous retrieval of the name (i.e., letting it pop into our primary memory later, when we are removed from the immediate pressure to remember the words),

· 2. using specific search strategies such as cues (e.g., listing similar names or going through the alphabet), or

· 3. using other sources to aid recall, such as asking another person or looking in a dictionary or thesaurus.

Older people seem to utilize spontaneous recall more often and search strategies of any type less often than young adults. These differences may be explained by the decrement model and incremental knowledge model. The former would posit that aging causes deterioration in one’s efficient use of cues; the latter attributes it to a larger bank of names in one’s memory that makes it difficult to search for a specific word (Schwartz, 2002).

The Positivity Effect in Information-Processing

Recent studies have pointed to a “positivity effect” in older adults’ attention skills and their learning and memory processes. Comparisons between older and younger adults show that the former recall twice as much information with positive emotional content than negative or neutral information. In contrast, younger adults recall positive and negative information equally well. Using functional magnetic resonance imaging (fMRI), researchers have observed this process by noting areas activated in the brain when attending to various stimuli. The amygdala is active when older adults respond to positive stimuli but not when faced with negative stimuli. Younger persons’ amygdala is activated under both conditions. The same pattern appears when testing attention speed: older adults respond faster to positive images than to negative, whereas younger adults attend at the same speed to negative and positive images. These findings demonstrate a “positivity bias” with aging, such that older adults tend to regulate their emotional experience by focusing on positive information. The aging process may slow some learning and memory skills, but the type of information to be attended to, learned, and retained in memory affects the level of decline (Carstensen, 2007). However, one downside to this process is that older adults are less likely to detect deception and lying by others because their positivity bias results in an expectation that most people are honest. This may be a factor in how often older adults are victims of scams and financial exploitation (Blanchard-Fields &Kalinauskas, 2009; Stanley & Blanchard-Fields, 2008).

Improving Cognitive Abilities in Old Age

Cognitive Retraining

In the Seattle Longitudinal Study (SLS) described earlier in this chapter, the researchers tested the effects of cognitive retraining—teaching research participants how to use various techniques to keep their minds active and maintain good memory skills. This approach to retraining is based on the premise of maximizing one’s remaining potential, a widely accepted concept in physical aging but only recently applied to cognitive aging. In the SLS, cognitive retraining resulted in a reversal of declines that had been observed over the preceding 14 years in 40 percent of research participants. Many elders maintained these gains over the next testing period, and up to five years in some retraining experiments (Willis, 2001; Willis et al, 2006). However, cognitive training in some areas may be more effective than others. Elders in the SLS trained in reasoning ability demonstrated more long-term gains than those trained in spatial orientation, especially 14 years later (Boron, Willis, &Schaie, 2007). Teaching older adults strategies for remembering lists of words, themes, and details in stories by using practice and performance feedback can significantly improve their memory. In one large-scale study, a 10-session memory-training intervention resulted in 26 percent of elders improving their memory immediately after the intervention, and the effects continued for 2 years (Ball et al., 2002). This same study assessed the impact of memory retraining on IADLs up to 5 years later. Elders who received inductive reasoning training showed the greatest improvement in IADLs such as reading road signs, following directions on a medication bottle, and looking up telephone numbers. Booster sessions at 11 and 35 months improved skills even more. Training in memorization and speed of processing was less beneficial (Willis et al., 2006).

Most cognitive retraining programs focus on specific areas of cognition—including memory, speed of processing, and reasoning—because these functions all show some declines with aging. In the ACTIVE trial (Advanced Cognitive Training for Independent and Vital Elderly), older adults were randomly assigned to complete cognitive training in three areas simultaneously: memory, inductive reasoning and speed of processing, or to a control group with no interventions. More than 90 percent of the elders who completed memory training improved on at least one test of memory, regardless of the specific strategies they chose to help them remember. Those with a college degree or higher performed best, followed by elders who had completed high school. Young-old and old-old learners improved much more than the oldest-old (Langbaum et al., 2009). In another study that compared learners age 70–79 with those 80–90 on tests of perceptual-motor speed, reasoning and visual attention, the former group generally performed better, but both age groups retained 50 percent of what they had learned in the original retraining program eight months earlier (Yang &Krampe, 2009). Besides age and educational level, the effectiveness of cognitive retraining programs depends on the mental status and physical health of participating elders (Nyberg, 2005).

There has been considerable experimentation with chemical interventions to improve memory. Researchers have tested products that enhance the chemical messengers in neurons or improve the function of neural receptors. A natural extract derived from leaves of the ginkgo biloba or maidenhair tree has received attention because it seems to improve memory by improving circulation in the brain. Systematic research on the effects of ginkgo biloba for mild memory loss, as well as for people with Alzheimer’s disease, has not shown significant benefits, however (van Dongen et al., 2003). Vitamin E is an antioxidant (described in Chapter 3) that may help enhance memory by reducing oxidative damage resulting from normal aging. No long-term human studies are yet available to support these claims for the benefits of vitamin E or other possible supplements such as lecithin, vitamin B12, and folic acid. It is also important to recognize that therapeutic doses of these and other supplements (i.e., levels that are high enough to show improved memory function) can cause harmful side effects such as internal bleeding, and megadoses may even increase mortality (Bjelakovic, et al., 2007).

LIFELONG LEARNING

Continuing education is an excellent way to maintain intellectual skills in old age. Elderhostel is a popular international program that offers older adults learning options located on college campuses and through tours to educational and historic sites. “Summer College for Seniors” is a program offered by Shoreline Community College in Seattle. Each summer, more than 100 elders participate in week-long college classes on topics as wide-ranging as constitutional law and classical music. College faculty who teach these older students enjoy the perspectives they bring and praise their maturity, both intellectually and emotionally. As one 65-year-old Summer College student noted, “The people here may be gray on top, but they’re not dull between the ears.” Another participant, age 75, added, “I think, as a senior, mental stimulation is as important as physical exercise.”

SOURCE: Seattle Times, July 25, 2000, p. B1 (F. Vinluan, staff reporter).

Other research has examined the benefits of practical memory-enhancing methods, such as cognitive aids. Although useful at any age, cognitive aids may be particularly helpful for an older person who is experiencing increased problems with real-world cognitive abilities, such as recalling names, words, phone numbers, and daily chores. However, elders are more likely to use external aids such as notes and lists than cognitive aids. That is, they are more likely to reduce environmental press to enhance their competence in learning as a means of improving P–E congruence. One way of improving personal competence may be to enhance cardiovascular fitness. An intervention to increase physical activity among sedentary elders found that improving physical performance, gait, speed, and balance resulted in higher scores on a test of working memory and psychomotor speed. This finding suggests that, by steadily increasing the physical activity levels of sedentary elders, their cognitive skills can also be improved (Williamson et al., 2009). One explanation for the positive effects of cardiovascular fitness on learning and memory may be that exercise improves blood flow to the brain. Another factor may be that synaptic connections in the frontal lobes increase with cardiovascular activity (Colcombe& Kramer, 2003; Kramer, Erickson, &Colcombe, 2006).

DIET AND COGNITIVE CHANGE

The results of a large cohort study of almost 4,000 community-dwelling elders found that vegetable consumption may reduce the rate of cognitive decline with aging. Older adults who averaged 2.8 servings per day of vegetables (especially leafy greens, broccoli, squash, and collards) had a 40 percent slower decline over 6 years on tests of immediate and delayed recall, perceptual speed, attention, and short-term memory than did elders who consumed an average of 0.9 servings per day. High levels of fruit intake or use of vitamin supplements did not affect cognitive scores over time. The benefits of higher vegetable intake were greater for the old-old in this study. These results support the findings of a national study of women (the Nurses Study), which showed that high intake of vegetables, but not fruit, slowed cognitive decline (Kang, Ascherio, and Grodstein, 2005; Morris et al., 2006).


Older adults who are most concerned about declining memory use external and cognitive aids as a way of coping with the problem. This is particularly true for elders with a strong internal locus of control—that is, a belief that they have control over their well-being rather than attributing their problems to external forces (Verhaeghen et al., 2000). Similarly, older adults who believe they have good memory actually do better on tests of memory than their peers who lack confidence in their memory skills (Zelinski&Gilewski, 2004). Recognizing that low self-efficacy can affect older people’s learning ability, researchers have used cognitive restructuring techniques to convince older learners to change their views of aging and memory. By focusing on their strengths and believing that they could control how much they retain of newly acquired information, elders in one study improved their scores on memory tests more than their counterparts who did not receive self-efficacy training (Caprio-Prevette& Fry, 1996).

Memory Mediators

Most memory improvement techniques are based on the concept of mediators, that is, the use of visual and verbal links between information to be encoded and information that is already in secondary memory. Mediators may be visual (e.g., the method of locations) or verbal (e.g. the use of mnemonics). Visual mediators—in particular, the method of locations (or loci)—are useful for learning a list of new words, names, or concepts. Each word is associated with a specific location in a familiar environment. For example, the individual is instructed to “walk through” his or her own home mentally. As the person walks through the rooms in succession, each item on the list is associated with a particular space along the way. Older persons using this technique are found to recall more words on a list than when they use no mediators. One advantage of the method of loci is that learners can visualize the new information within a familiar setting and can decide for themselves what new concept should be linked with what specific part of the environment. Imaging is a useful technique in everyday recall situations as well. For example, an older person can remember what he or she needs to buy at the grocery store by visualizing using these items in preparing dinner. Another example of visual mediators is the use of visual images to recall names (e.g. recalling the name “John Doe” by visualizing him as making dough). This type of exercise to strengthen memory in one task can help improve performance on other memory tasks (Colcombe& Kramer, 2003).

Another way of organizing material to be learned and to ensure its storage in secondary memory is to use mnemonics, or verbal riddles, rhymes, and codes associated with the new information. Many teachers use such rhymes to teach their students multiplication, spelling (e.g., “i before e except after c”), and the calendar (“30 days hath September, April, June, and November …”). Many other mnemonics are acquired through experience as well as our own efforts to devise ways to learn a new concept (e.g., making up a word to remember the three components of cognition—intelligence, learning, memory—might become “IntLeMe”). These can assist older people to learn more efficiently, especially if the mnemonics are specific to the memory task at hand. Older people with mild or moderate dementia can also benefit from visual methods of recall but less from list-making. Whatever method is used, however, it is important to train the older adult in the use of a specific mnemonic and to provide easy strategies to help the person apply these techniques to everyday learning events. In one study, researchers provided half the sample with a “memory handbook” and 30 minutes of practical instruction; the other half were given just a pamphlet that provided examples of useful mnemonics (but no face-to-face instruction in their use). The former group demonstrated significant improvements in two subsequent memory tests; the pamphlet group did not (Andrewes, Kinsella, Murphy, 1996). Other mediators to aid memory include:

· 1. using the new word or concept in a sentence,

· 2. associating the digits in a phone number with symbols or putting them into a mathematical formula (e.g., “the first digit is 4, the second and third are multiplied to produce the first”),

· 3. placing the information into categories,

· 4. using multiple sensory memories, and

· 5. combining sensory with motor function.

In this last technique, one can write the word (iconic memory), repeat it aloud to oneself (echoic memory), or “feel” the letters or digits by outlining them with one’s hand. Unfortunately, many older persons do not practice the use of newly learned memory mediators. They may not be motivated to use the techniques, which often seem awkward, or they may forget and need to be reminded. Perhaps the major problem is that these are unfamiliar approaches to the current cohort of older adults. As future cohorts become more practiced in these memory techniques through their educational experiences, the use of such strategies in old age may increase.

LOOK, SNAP, AND CONNECT

A practical method for retaining information efficiently in order to recall it later is the “Look, Snap and Connect” technique, recommended by Small (2002), who suggests that we can improve our memory at every age by using an encoding and retrieval system that is personally meaningful. The components of this method are:

·  Look: Actively focus on what you want to learn in order to take in the information, and record the information received through multiple senses.

·  Snap: Create a mental snapshot or image of the object or person or word(s) to be remembered; the more bizarre or unusual the image, the better it will be recalled (e.g., remembering Mr. Brown’s name by visualizing him covered with brown paint).

·  Connect: Visualize a link to associate the images created through mental snapshots, thereby retaining the information through its link with existing memories (e.g., remembering a grocery list by connecting items together, such as flour poured over apples that are swimming in a bowl of milk).

SOURCE: From G. Small, The memory bible, New York: Hyperion, 2002.

The most important aspect of memory enhancement may be the ability to relax and to avoid feeling anxious or stressed during the learning stage. As noted earlier, many older people become overly concerned about occasional memory lapses, viewing them as a sign of deterioration and possible onset of dementia. Thus, a young person may be annoyed when a familiar name is forgotten, but will probably not interpret the memory lapse as loss of cognitive function as an older person is likely to do. Unfortunately, society reinforces this belief. How often are we told that we are “getting old” when we forget a trivial matter? How often do adult children become concerned that their parent sometimes forgets to turn off the stove, when in fact they may frequently do so themselves? Chronic stress can also impair older people’s memory performance. Research with animals and humans has shown that some hormones released under high-stress conditions (e.g., cortisol and corticosterone) cause the subject to make more errors in memory tests (McGaugh, 2000).

In addition to mediators, external aids or devices are often used by older people to keep track of the time or dates, or to remember to turn the stove on or off. Simple methods such as list-making can significantly improve an older person’s recall and recognition memory, even if the list is not used subsequently. A list that is organized by topic or type of item (e.g., a chronological “to-do” list or a grocery list that groups produce, meats, and dry goods) is also found to aid older people’s memory significantly. Older adults with higher educational attainment and better vocabulary skills—which will be true of baby boomers compared to the current cohort of elders—benefit even more from list-making methods (Burack&Lackman, 1996). Older people can develop the habit of associating medication regimens with specific activities of daily living, such as using marked pill boxes and taking the first pill in the morning before their daily shower or just before or after breakfast, taking the second pill with lunch or before their noontime walk, and so on. These behaviors need to be associated with activities that occur every day at a particular time so that the pill-taking becomes linked with that routine. Charts listing an individual’s daily or weekly routine can be posted throughout the house. Alarm clocks and kitchen timers also can be placed near an older person while the oven or stove is in operation. This will help in remembering that the appliance is on without the person’s needing to stay in the kitchen. With the increased availability of home computers, daily activities and prescription reminders can be programmed into an older person’s computer. Finally, for older people who have serious memory problems and a tendency to get lost while walking outdoors, a bracelet or necklace imprinted with the person’s name, address, phone number, and relevant medical information can be a lifesaver.

A MEMORY EXERCISE

Use the method of loci to help you remember seven items that you need to buy at the grocery store. Go to the store without a list, but imagine yourself walking through the kitchen at home after your trip to the grocery store, placing each of the seven items in a specific location.

Cognitive and Neural Plasticity

Although most reviews of change in cognitive abilities focus on declines with aging, there is growing evidence that gains also occur. The theory of Selection, Optimization, and Compensation (SOC) focuses on adapting and regulating individual resources, including cognitive abilities. The individual may selectspecific cognitive domains in which to adapt. However, because of age-related loss in some domains, older adults are more restricted in their selections. Optimization involves maximizing one’s abilities in these selected areas, whereas compensation occurs when losses in some areas require the enhancement of skills in other areas, or acquiring new behaviors or knowledge to make up for lost abilities. Cognitive plasticity refers to the ability to accomplish these three mechanisms of SOC and to recognize where one must compensate for these deficits in cognitive abilities. For example, an older woman who acknowledges that she no longer has the executive function to organize a large family holiday party as she has done for many years utilizes her cognitive plasticity by inviting everyone from her invitation list to a dinner at a local restaurant. Older adults who cope best appear to have the most cognitive plasticity, perhaps indicating an ability to read their environment and adapt to its changing demands. Prior learning experiences can help this process, while stimulating environments and activities are useful for enhancing cognitive plasticity. The social context is also important in assisting or hindering this ability. Memory retraining studies appear to enhance cognitive plasticity in older adults, even among the very old, with long-term success in using newly acquired skills to achieve SOC (Kramer et al, 2004; Willis, Schaie, & Martin, 2009; Yang &Kraspe, 2009).

Part of the process of cognitive plasticity is neural plasticity, or changes in brain structure and function that occur as a result of the addition of new neurons and synaptic connections between neurons, activating specific regions of the brain. For example, the brains of professional musicians have more gray matter in the areas of the brain responsible for finger movements, while athletes’ brains have more neuronal density in areas where eye–hand coordination is controlled. A growing body of research with computer and Internet users suggests that regular use of the Internet activates more brain regions, especially where decision making and complex reasoning occur. People who are tech-savvy may develop a stronger working memory (i.e., they can store and retrieve more information for immediate 


processing). Research with middle-aged and older Internet users shows promise for aging computer users who learned to use the Internet earlier in their lives. Young adults today who grew up with e-mail, text messaging, and video games may show even greater neural plasticity as they age (Small, Moody, Siddarth, &Bookheimer, 2009; Small &Vorgan, 2008). Although neural plasticity continues throughout life, it is less efficient in old age, and the link between these changes and cognitive plasticity is unclear.
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Benefits of Computers and the Internet for Older Adults

The use of computers and the Internet can improve older persons’ cognitive functions and ability to maintain active aging. It can encourage learning and give them information about their health and their social and health care providers in the community, thereby enhancing autonomy and self-efficacy. As part of a “brain fitness” movement, a variety of electronic brain games are targeted to middle-aged and older adults, including those on Nintendo such as Wii (Cohen, 2009). Several cognitive and demographic variables affect older adults’ performance on the computer. Crystallized intelligence, visual memory, and perceptual speed, as well as age and educational level, are important predictors of older adults’ ability to complete computer-related tasks and train for jobs using the computer (Czaja et al., 2001; Ownby, Czaja, Loewenstein, &Ruipert, 2008). Use of the computer and the Internet may also facilitate social interactions and communication. Although access to computers and the Internet enhances elders’ sense of mastery and control over their environment, it does not necessarily improve their quality of life (Czaja& Lee, 2001; 2003; Slegers, van Boxtel, &Jolles, 2008).

However, given the significant growth in the number of older adults learning to use the computer and the Internet, it behooves Web designers to consider older users’ special needs (Mead, Lamson, Rogers, 2002; Morrell, Mayhorn, Bennett, 2000). In addition to the changes in attention processes, Web and software designers must recognize that many older people experience problems with language comprehension, fine motor movement, and reading small print. Some suggestions for Web designers are presented in the following box.

IMPROVING WEB PAGES FOR OLDER USERS

· • Avoid a patterned background behind text material.

· • Use dark type or graphics against a light background.

· • Avoid excess graphics and animation.

· • Avoid pop-up menus that can confuse the main text.

· • Use a consistent layout in different sections of the website.

· • Limit how much information is presented on each page.

· • Distinctly identify all links with a specific convention, such as underlining or a unique graphic.

· • Clearly identify the content that is included under each heading.

· • If animation or video is used, select short segments to reduce download time.

· • Provide a telephone number and e-mail address for users who want direct contact.

SOURCES: Adapted from Mead, Lamson, and Rogers, 2002, and National Library of Medicine, 2002.

Wisdom and Creativity

Wisdom and creativity are difficult to define and measure, even though most people have an image of what it means to be wise or creative. Wisdom seems to require the cognitive development and self-knowledge that come with age (Cohen, 2005; Levitt, 1999). Wisdom is a combination of experience, introspection, reflection, intuition, and empathy; these are qualities that are honed over many years and that can be integrated through people’s interactions with their environments. Thus, younger people may have any one of these skills individually, but their integration requires more maturity. Based on research with older adults who had been nominated as “wise” by other people, the following five criteria can be used to assess if the individual demonstrates wise behavior (Baltes&Kunzmann, 2003; Baltes& Staudinger, 2000; Staudinger, 1999):

· • Factual knowledge—possessing both general and specific information about life conditions and relevant issues

· • Procedural knowledge—using decision-making strategies, planning, and interpretation of life experiences to a given situation

· • Life-span contextualism—considering the context in which events are occurring and the relationship among them

· • Value relativism—considering and respecting values and priorities brought to the situation by other participants

· • Managing uncertainty—developing backup plans or alternative strategies if one’s performance is hampered by external factors.

Wisdom is achieved by transcending the limitations of basic needs such as health, income, and housing but is not limited to those with social and economic resources. Regardless of class or educational level, an individual who has continued opportunities for growth and creativity can develop wisdom (Ardelt, 1997). Wisdom implies that the individual does not act impulsively, has good insights, and can reflect on all aspects of a given situation objectively. This makes the wise older person better at conflict resolution. In many cultures, as noted in Chapter 2, older persons are respected for their years of experience and ability to mediate conflicts, and the role of “wise elder” is a desired status. One perspective on wisdom is that it requires such lifelong experiences, insights, and emotional maturity in order to impart to younger generations skills, family and cultural values, and community traditions (Cohen, 2000, 2005). This approach combines the focus on emotional maturity and regulation of feelings that is typical of Eastern concepts of wisdom with the emphasis on cognitive maturity that is characteristic of Western perspectives, as shown by the five criteria in the previous column (Takahashi & Overton, 2002). The balance theory of wisdom suggests that a wise individual is one who can balance different components of intelligence—practical, analytical, and creative—and use them to solve problems that will benefit society, rather than focusing on using one’s intelligence for personal gain. Developmental intelligence manifests as wisdom, with emotional and social intelligence, cognition, life experience, and spirituality becoming better integrated with age and favoring positive emotions (Cohen, 2009; Sternberg &Lubart, 2001).
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Younger generations can benefit from the wisdom of elder scholars.

Not all older people achieve wisdom, however. Wisdom suggests the ability to interpret knowledge or to understand the world in a deeper and more profound manner. Such reflectiveness and the reduced self-centeredness that this requires allow older people to take charge of their lives and become more accepting of their own and others’ weaknesses. Indeed, among older men and women in the Berkeley Guidance Study, those who scored high on the three components of wisdom (cognitive, reflective, affective thinking) also ranked high on a measure of life satisfaction (Ardelt, 1997). This suggests that active aging (described in Chapters 1 and 6) is enhanced when wisdom has been attained. Older people who have achieved this level of wisdom can play productive roles in many settings, where their years of experience and ability to move beyond the constraints presumed by others could help such organizations. (Such functions are discussed in more detail in Chapter 12.)

Creativity refers to the ability to bring something new into existence that is valued, such as applying unique and feasible solutions to new situations and coming up with original ideas or material products; this occurs because of changes in the aging brain, not despite them. We generally think of creativity in terms of extraordinary products that have been created (e.g., public creativity by composers or artists). However, people who come up with unique but smaller-scale products (e.g., personal creativity, such as an attractive garden, beautiful quilts or a delicious meal) are also displaying their creativity (Cohen, 2000, 2005, 2009). A person may be creative in science, the arts, or technology. Although we can point to well-known creative people in each of these areas (e.g., Albert Einstein in science, Wolfgang Amadeus Mozart and Georgia O’Keeffe in the arts, and Thomas Edison in technology), it is difficult to determine the specific characteristics that make such persons creative. As with intelligence in general, creativity is inferred from the individual’s output but cannot really be quantified or predicted. One measure of creativity is a test of divergent thinking, which is part of Guilford’s (1967) structural model of intelligence. This is measured by asking a person to devise multiple solutions to an unfamiliar mental task (e.g., naming some different uses for a flower). Later still, Torrance (1988) developed a test of creativity that also measures divergent thinking. Children who scored high on this test were found to be creative achievers as young adults (i.e., the test has good predictive and construct validity), but the test has not been used to predict changes in creativity across the life course.

Divergent thinking may be only one component of creativity, however. A creative person must also know a great deal about a particular body of knowledge, such as music or art, before he or she can make creative contributions to it. However, this neglects the contributions to scientific problem solving or the arts by people who may have expertise in one area and bring a fresh perspective to a different field. To date, there have been no systematic studies of divergent thinking among people who are generally considered to be creative. Much of the research on creativity has been performed as analyses of the products of artists and writers, not on their creative process directly. Indeed, no studies have compared the cognitive functioning of artists, scientists, technologists, and others who are widely regarded as creative with that of persons not similarly endowed. Researchers who have examined the quantity of creative output by artists, poets, and scientists have identified that the average rate of output at age 70 to 80 drops to approximately half that of age 30 to 40. However, a secondary peak of productivity often occurs in the 60s, although not as high as the first peak. The second peak of creativity may produce even better works. Indeed, Simonton’s analysis of the last works of 172 classical composers in their final years revealed compositions that were judged highly by musicologists in terms of aesthetics, melody, and comprehensibility (Simonton, 1989, 1991, 1999).

Some have suggested that creativity actually increases with age because the individual becomes more self-confident, experienced, and free from social constraints—what Cohen refers to as the “liberation phase” of psychological growth (2009). This results in the ability to make novel decisions to solve problems. Indeed, older adults with high physical and cognitive functioning are found to use both hemispheres of the brain more equally than do younger adults (operating in “all-wheel drive”), and have a greater density of synapses accruing from a lifetime of learning and experiences. As a result of this increased capacity of the brain, combined with a feeling of being liberated from the commitments and expectations of younger years, older adults can explore and express their creativity in multiple ways. These have been categorized as continuing creativity with aging, changing creativity with age, commencing creativity, and creativity in connection with loss. In fact, Cohen (2009) argues that the term “senior moment” should be used to refer to creative moments that increase with age, not to forgetfulness that adults of all ages experience (Cabeza et al., 2002; Cohen, 2000, 2005, 2009).

CREATIVITY IN LATE LIFE

In his insightful book, The Creative Age, Dr. Gene Cohen examines how creativity and creative expression can expand with aging. He provides numerous examples of scientists, artists, writers, and composers who produced their most innovative works in their later years. These include:

· • Sir Isaac Newton (1642–1727), the father of calculus, revised his influential book describing the three laws of motion at age 71 and again at age 84.

· • The German mathematician Carl Friedrich Gauss (1777–1855) made many discoveries well into old age. He updated his fundamental theory of algebra at age 71.

· • The Renaissance painter Titian painted several masterpieces between age 78 and 83, and began experimenting with an impressionistic style in his later years.

· • Hanya Holm (1893–1992) choreographed popular Broadway plays in her young-old stage, including My Fair Lady when she was 63 and Camelot at age 67.

· • Three early leaders of the women’s rights movement started the six-volume History of Women’s Suffrage in 1875. Elizabeth Cady Stanton was 72, Susan B. Anthony was 67, and Matilda Gage was 61 when the book was published.

Opportunities for creative expression can have other significant benefits, as illustrated by a study of the impact of a structured and sustained arts program on elders’ physical and emotional well-being. Older adults were randomly assigned to a 35-week arts education and activity program or to a control condition. When these elders were assessed again one year later, those in the arts and activity program had made fewer physician visits, used fewer medications, scored lower on a measure of depression, and experienced higher morale than did elders in the control group (Cohen, 2005). This suggests the value of encouraging elders’ creativity in a wide range of forms.

Implications for the Future

Advances in neuroscience will eventually uncover the specific changes in the brain that account for age-related changes in memory, attention, and learning ability. New techniques of brain research are evolving with the use of functional magnetic resonance imaging (fMRI) and positron emission tomography (PET) that can determine which areas of the brain are responsible for different types of attention, learning, and memory. These noninvasive techniques adopted from the medical diagnostic field are already being used to study differences in attention tasks between young and old subjects, and between older persons with different types of dementia. As described in this chapter, fMRI can even be used to ascertain which parts of the brain are activated when an individual is told to attend to specific stimuli and under different learning conditions. PET scans can reveal differences in brain activity among people with varying educational levels and in the early stages of Alzheimer’s disease (Carstensen, 2007; Greenwood &Parasuraman, 1999; Parasuraman& Greenwood, 1998; Silverman, Small, Chang, & 2001; Small, 1999).

From a practical or diagnostic perspective, however, these high-tech methods to detect cognitive impairment may not be accessible to all people as they age because of their high cost. Without insurance coverage, these techniques will be limited to research and diagnosis tests for older adults who can afford to pay for them. This is true for other computer-assisted devices and systems that can be used in older adults’ homes to help them maintain person–environment competence, as well as electronic games to stimulate memory, as will be described in Chapter 11.

Many career opportunities are emerging for students interested in the interface of cognitive psychology, education, technology, and gerontology. Especially among future cohorts, older adults will increasingly search for opportunities to learn and become retrained, using computer and digital technology. With the extension of life expectancy and changes in retirement patterns (as discussed in Chapter 12), many people will seek second and third careers that will require new cognitive and motor skills. Educators and software designers can apply the concepts presented in this chapter to respond to the needs of older learners, whether focused on creative aging or computer games.

Summary

This chapter presented an overview of major longitudinal studies of cognitive functioning. Researchers have examined age-related changes in intelligence, learning, and memory and what factors in the individual and the environment affect the degree of change in these three areas of cognitive functioning.

Of all the cognitive functions, intelligence in older adults has received the greatest attention and is most controversial. It is also the area of most concern for many older persons. One problem with this area of research is the difficulty of defining and measuring what is generally agreed to be intelligence. In examining the components of intelligence measured by the Wechsler Adult Intelligence Scale (WAIS), fluid intelligence (as measured by performance scales) has been shown to decline more with aging than verbal, or crystallized, intelligence. This may be due partly to the fact that the former tests are generally timed, while the latter are not. However, age differences emerge even when tests are not timed and when variations in motor and sensory function are taken into account. This decline in fluid intelligence and maintenance of verbal intelligence is known as the Classic Aging Pattern. To the extent that older persons practice their fluid intelligence by using their problem-solving skills, they will experience fewer decrements in this area. In contrast, aging does not appear to impair the ability for remembering word and symbol meanings. This does not imply that the ability to recall words is unimpaired, but when asked for definitions of words, older people can remember their meanings quite readily.

One problem with studying intelligence in aging is that of distinguishing age changes from age differences. To determine changes with age, people must be examined longitudinally. The problems of selective attrition and terminal drop make it difficult to interpret the findings of longitudinal studies of intelligence. These factors may result in an underestimate of the decline in intelligence with aging. The problem of cross-sectional studies of intelligence is primarily that of cohort differences. Even if subjects are matched on educational level, older persons have not had the exposure to computers and early childhood learning opportunities that are available to recent cohorts. The Seattle Longitudinal Study, which initiated the approach of testing multiple cohorts longitudinally, provides valuable insights into the impact of cohort differences in education and health on intelligence. This study also determined that changes on some tests of cognitive function in the middle years can predict cognitive impairment in the later years. Occupation, educational achievement, sensory decline, poor physical health, and 
uncontrolled hypertension may also have a significant impact on intelligence test scores.

Learning and memory are cognitive functions that are usually examined because tests of memory are actually tests of what a person has learned. According to the information-processing model, learning begins when information reaches sensory memory and then is directed via one or more sensory stores to primary memory. It is in primary memory that information must be organized and processed if it is to be retained and passed into secondary memory. Information is permanently stored in this latter region. Studies of recall and recognition provide evidence that aging does not affect the capacity of either primary or secondary memory. Instead, it appears that the aging process makes us less efficient in “reaching into” our secondary memory and retrieving material that was stored years ago. Tip-of-the-tongue states are an example of problems in remembering familiar names and words, and the role of stress in the retrieval process. Recognition tasks, in which a person is provided with a cue to associate with an item in secondary memory, are easier than pure recall for most people, especially those who are older. Some types of memory, such as semantic and procedural memory, are retained into advanced old age. Others, like episodic memory, show significant age-related decrements. There appears to be a “positivity effect” in older adults’ ability to attend to, learn, and retain new information. They can recall twice as much information with positive emotional content than negative or neutral information, compared with younger adults who can recall positive and negative information equally well.

The learning process can be enhanced for older people by reducing time constraints, making the learning task more relevant for them, improving the physical conditions by using bright but glare-free lights and large letters, and providing visual and verbal mediators for learning new information. Helping the older learner to relax and not feel threatened by the learning task also ensures better learning. Such modifications are consistent with the goal of achieving greater congruence between older people and their environment.

Significant age-related declines in intelligence, learning, and memory are not inevitable. Older people who continue to perform well on tests of intelligence, learning, and memory are characterized by higher levels of education, good sensory functioning, maintenance of physical activities and good nutrition, and employment and leisure activities that require complex problem-solving skills. People who do not have serious cardiovascular disease or severe hypertension also perform well, although there is some slowing of cognitive processing and response speed. Even such slowing is not a problem for older people whose crystallized knowledge in the targeted area is high. Older adults should be cautious, however, of taking natural products and vitamins that may improve memory in older people but whose benefits are not proven.

Although most reviews of change in cognitive abilities focus on declines with aging, there is growing evidence of gains as well. Cognitive plasticity refers to the ability to select, optimize, and compensate for lost skills. Older adults who cope best appear to have the most cognitive plasticity, perhaps indicating an ability to read their environment and adapt to its changing demands. Memory retraining studies may be effective in improving cognitive plasticity in older adults. A growing body of research with computer and Internet users suggests that regular use of the Internet activates more brain regions, especially where decision making and complex reasoning occurs. Computer and Internet use can enhance cognitive processes in older persons, thereby improving their autonomy and sense of control over their environment.

Although wisdom and creativity appear to be enhanced by changes in the aging brain, there has been less research emphasis in these areas. Indeed, these concepts are more difficult to measure in young and old persons. These and other issues in cognition must be studied more fully with measures that have good construct validity before gerontologists can describe with certainty positive cognitive changes that are attributable to normal aging.
