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Preface

I recognize that it is somewhat presumptuous to use the phrase “major issues” in the title of this book because there is likely little agreement with respect to which issues are truly “major.” Nevertheless, the phrase was chosen deliberately because the topics to be discussed were intended to represent some of the most important in the field, and thus the phrase serves to characterize the focus of the monograph. Unlike an undergraduate textbook, in which selected findings are reported in a manner to convey currently accepted interpretations, there is no attempt in this monograph to survey the entire field of cognitive aging. Instead, the book is designed more like a graduate seminar in that ideas are presented at least in part in the hope that they might stimulate further thought and research.

Of course, there are several different types of graduate seminars. Some are very narrow and focus on the methodology and results of a limited number of specific studies. Others take a broader perspective, and rather than concentrating on individual studies, the replicated results across multiple studies are the primary information of interest. This monograph is designed to be like the latter type of seminar in that it is an attempt to identify and discuss some of the most important issues in the field of cognitive aging in an attempt to extract broad and generalizable principles.

A key consideration in an endeavor such as this is how major issues are determined. There would probably be little disagreement with the assertion that not all topics and research questions are equally important, in the sense that they each have the same potential to contribute to substantial increases in knowledge. However, the challenge is in identifying the questions likely to be most informative in advancing understanding of the phenomenon.

Since one of the roles of scientific theories is to determine which questions are important, one approach might be to rely on theories to help designate major issues. However, there is sometimes a tendency for the focus of theories to become progressively narrower as the theories are subject to investigation and refinement, with the consequence that the questions often shift from general to specific. In order to minimize the impact of this tendency, major questions could be defined as those that are meaningful regardless of the particular theory because they transcend topics restricted to a few theories.

Another approach that might be used to identify major issues is to determine whether they are considered important in different disciplines, such as psychology, neurology, and epidemiology. The rationale is similar to that based on whether issues are applicable to many theories in that questions that transcend the focus of a specific discipline could be considered among the most important. Still another approach that might be used to identify major issues is to rely on a historical perspective by assuming that questions that have persisted through time without resolution may be among the most important in the field.

Finally, major questions might be identified from the set of questions used as guides for reporters when they are writing a story. That is, one way of characterizing understanding is when one has answers to what, when, where, why, and how, and in that sense these can be considered major issues.

Input from each of these approaches was used in the current monograph to guide in the identification of major issues. The issues discussed here are certainly not all of the important questions, but I believe they are among the most fundamental questions in the field, and they often get neglected when researchers get immersed in the details of specific research questions.

What I consider to be among the major issues in the field are each the focus of a separate chapter. Chapter 1 is concerned with the relations between age and cognitive functioning, and Chapter 2 addresses the question of whether the age–cognition relations differ for between-person (cross-sectional) and within-person (longitudinal) comparisons and, if so, why. The focus in Chapter 3 is the advantages and disadvantages of a narrow or broad focus on cognitive aging phenomena, and Chapter 4 deals with how potential causes of cognitive aging can be investigated. The issue in Chapter 5 is how normal cognitive aging is distinct from pathological aging, and Chapter 6 addresses the questions of why there are not greater consequences of age-related cognitive declines and what can be done to prevent or minimize them. At the beginning of each chapter a number of important related questions are listed. My view is that these questions are somewhat secondary to the major issues, but they are nevertheless important in the field.

The chapter format was chosen to emphasize major issues, with minimal distractions associated with discussions of specific details and inclusion of citations. However, much of that information is clearly necessary, and hence it is presented in a Notes chapter at the end of the book.

An important disclaimer should be mentioned at the outset. I believe that it is no longer possible to be exhaustive in the coverage of all of the literature relevant to cognitive aging because of the growth of the field in so many different directions. As recently as a decade ago an author could attempt to survey the field from the perspective of a cognitive psychologist or a neuropsychologist and hope to be reasonably comprehensive by focusing primarily on articles published in three or four major journals. However, now such an effort would represent only a small fraction of the relevant literature because research on aging and cognitive functioning is published in journals based in the disciplines of psychology, neuroscience, neurology, radiology, health psychology, psychopharmacology, epidemiology, public health, endocrinology, and more. Fortunately, exhaustive coverage is not as critical in this type of book because the goal is to summarize major themes in the research rather than provide a comprehensive catalog of all relevant findings.
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Major Issues in Cognitive Aging


1

Relations between Age and Cognitive Functioning

Major issue: What are the relations between age and cognitive functioning?

Related questions: Are there different age trends for different types of cognitive variables? Do the individual differences in cognitive functioning become greater with increased age? When does age-related cognitive decline begin? How large are the age-related effects? Is age kinder to the initially more able?

The well-recognized demographic changes related to population aging have led to increased interest in all aspects of aging, cognitive as well as physical. In this book the focus is on mental, or cognitive, aspects. It is noteworthy that negative views about the cognitive abilities of elderly adults have been expressed for thousands of years. For example, in the Republic, Plato (ca. 360 BC) said that “ . . .a man when he grows old . . . can no more learn much than he can run much.” And William James, revered as the father of American psychology, wrote in his classic 1890 book, Principles of Psychology, “Outside of their own business, the ideas gained by men before they are twenty-five are practically the only ideas they shall have in their lives. They cannot get anything new. Disinterested curiosity is past, the cognitive grooves and channels set, the power of assimilation gone. . . . Whatever individual exceptions might be cited to these are of the sort that ‘prove the rule.’ ”1

However, more optimistic views about cognitive aging have also been frequently expressed. To illustrate, Solon in about 600 BC was quoted as saying that “I grow old ever learning new things.” Responding to early findings reporting age-related cognitive declines, a researcher in 1927 wrote that “Even if these tentative results point to the actual limitations of the establishment of new associations in age, they do not yet prove that learning capacity ever completely ceases in the average case.”2 Another early researcher on aging wrote that “ . . . no one is ever too old to learn . . . There is no veto-power to learning exercised by age at any period in the normal life span. Relative decrement occurs, it is true, but in amount this is less than the difference in rate between moderately fast and moderately slow learners of equal age.”3

Although there is no shortage of opinions about cognitive aging, it sometimes seems that relatively few of the claims are based on well-established empirical evidence. Perhaps more than in many other areas of scientific research, assertions about cognitive aging may be influenced as much by the authors’ preconceptions and attitudes as by systematic evaluation of empirical research. The pronouncements are sometimes based on personal impressions, or when evidence is cited it is often weak, such as the results of a single study with a small sample of research participants of uncertain representativeness, and measurements with unknown reliability.

The primary goal of this book is to summarize some of the robust and replicated research findings concerned with the effects of aging on cognitive abilities and to discuss potential causes and consequences of these effects. Many of the findings will be illustrated with results from research projects conducted in my laboratory over the past 30 years.4 Details about the samples of participants and specific outcomes of the studies can be found in published reports of the research, but some information can be mentioned here. Nearly all of the individuals participating in the research reported themselves to be in good to excellent health, and most had completed at least some college. They ranged from 18 to 98 years of age, and when the data are combined across studies, results for some variables are available from over 8,000 individuals.

Comparison with Physical Functioning

It is useful to begin by comparing cognitive aging with physical aging. Assessments of physical ability could be based on unsystematic observations, such as inferring that someone is strong if he or she can lift heavy boxes or move large pieces of furniture. However, comparisons involving these types of judgments are unlikely to be very precise because the boxes could vary in weight and ease of handling, and movement of furniture could involve obstacles such as stairways and tight corners, which might require agility as well as strength. Assessments of physical ability could be improved by basing the comparisons on standardized procedures, such as grip strength measured with a sensitive dynamometer, the heaviest weight that can be lifted over one’s head, the speed of running a specified distance, and so forth. Moreover, in order to maximize the role of basic capacities as opposed to acquired skills, assessments of physical ability could be designed to avoid capabilities that might be specific to particular sports, such as hitting a baseball.

Comparisons of this type frequently reveal patterns of nearly linear declines in various measures of physical ability starting from when people are in their early to mid 20s. To illustrate, Figure 1.1 portrays the world records for the speed of running several distances as a function of age. The results in this figure clearly indicate that increased age is associated with progressively lower levels of physical performance because these data indicate that the fastest 65-year-old was able to run at only about 75% the speed as the fastest 20-year-old.5 Few people would probably be surprised at these results, and it is unlikely that many individuals would view them with alarm or dismay. Because people are seldom expected to run 1,500 meters, or even 100 meters, at their maximum speed, age-related declines such as these are probably not perceived as imposing major limitations on one’s daily activities.
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Figure 1.1. Ratio of the best performance at each age to the best performance across all ages. Because performance is measured in units of time, the plotted values are the reciprocals of the actual ratios to express values as proportions of the best performance.



Now consider how cognitive functioning is assessed. One could rely on unsystematic observations, such as inferring that someone has a good memory if he or she can remember the names of people met last year or details of events from his or her childhood. However, because these types of observations are inherently subjective and are based on activities and situations that have multiple determinants that could vary across people, they are not very useful for the purpose of making comparisons of different people, or of the same people at different ages. Instead, just as with the assessment of physical ability, more objective information might be obtained by using standardized assessments to measure various dimensions of cognitive functioning, such as memory, reasoning, and so forth.

Cognitive tests can be viewed as standardized situations designed to evaluate specific capabilities. They are not intended to represent everything that is interesting or important about cognition, but rather are designed to provide an objective indication of an individual’s level of performance on some limited aspect of functioning. Although a very large number of cognitive tests have been developed, it is important to note that there are not yet any well-accepted tests of attributes such as judgment, common sense, wisdom, or quality of real-life decision making. Because some aspects of cognitive functioning have not been investigated, no scientific evidence is currently available about their possible relations to age, and thus they do not receive much discussion in this book.

Examples of the types of tests frequently used in cognitive aging research are illustrated in the next two figures. Each test is standardized in terms of the instructions, administration procedures, and the items that are presented, which allows people to be compared in terms of their ability to perform as instructed. The items in memory tests are frequently presented successively with the examinee asked to reproduce them either immediately following the last item, or after a delay ranging from seconds to decades. The materials in the other tests can be presented simultaneously or successively, and either with or without time limits. Because perceptual speed tasks are typically very simple, performance is usually assessed by the number of items that can be completed in a specified period of time. As with tests of physical ability, cognitive tasks are usually designed to evaluate the capabilities of individuals in a manner that is influenced as little as possible from acquired knowledge or skills.

Different Approaches

Assessment of cognitive ability with tests such as those illustrated in Figures 1.2 and 1.3 has been investigated from at least five somewhat different perspectives. The perspectives have often been pursued independently, with little communication or interaction among one another, and sometimes even with no awareness of the results from the other perspectives. The boundaries between them are becoming blurred in recent years, but it is probably still the case that few researchers are familiar with the results from more than one or two of the perspectives.
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Figure 1.2. Examples of cognitive tasks used in the assessment of cognitive functioning of adults.
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Figure 1.3. Additional examples of cognitive tasks used in the assessment of cognitive functioning of adults.



The psychometric perspective relies on standardized tests to evaluate differences across people. This research approach is characterized by moderately large (e.g., in the hundreds of individuals) samples of people who are each administered several different types of cognitive tests. Researchers within this tradition frequently examine relations among the scores from different tests and interpret the results in terms of levels of cognitive abilities such as memory, reasoning, or speed. Psychometric researchers are seldom interested in the details of how a particular level of performance is achieved, or in the neural substrates that are active while the task is being performed, but instead are primarily concerned with how different cognitive variables are interrelated and the implications of those relations for how people differ from one another.

The experimental cognitive perspective tends to rely on tests or tasks designed to investigate specific theoretical processes. The studies are often based on relatively small (e.g., less than 50 individuals) samples of research participants, and in the context of research on aging the individuals are frequently recruited from two groups, with one group consisting of college students and the other consisting of adults over the age of 65. Several different versions or conditions of the same task are often administered to allow the results to be interpreted in terms of the efficiency of particular processes or strategies hypothesized to be responsible for performance in the task. However, the analyses typically focus on a single variable and tend to ignore any relations that might exist among variables from different tasks. Until recently, researchers working within the experimental cognitive perspective had little interest in neurobiological substrates.

In the neuropsychological perspective the tests are often selected to reflect the functioning of particular brain regions, frequently determined from results of studies with individuals who have localized brain damage. The samples can range from a few individuals to 50 or more, and the results are often interpreted in terms of the efficiency of various brain structures. Neuropsychological researchers are typically not interested in the relations that exist among variables, or in the influence of factors other than the functioning of particular brain regions as determinants of level of performance.

The cognitive neuroscience perspective includes aspects of the experimental cognitive and neuropsychological perspectives, but it differs by obtaining measures of brain activation while participants are performing cognitive tasks. Because most neuroimaging procedures are expensive, the sample sizes in cognitive neuroscience research are usually quite small, often only involving 12 or fewer young adults and 12 or fewer older adults.

The epidemiological perspective relies on brief tests of general cognitive ability because they are used to screen large numbers of people, and only a few minutes can be devoted to each individual. This research tradition often limits the assessment to very general aspects of cognitive functioning, but the samples in epidemiological studies can be very large, frequently in the thousands.

The preceding taxonomy is only one way of organizing approaches to research in cognitive aging, and other classification schemes could certainly be proposed. For example, the research could be categorized according to the type of cognitive ability that is primarily studied, according to the age range of the individuals included in the studies, and according to whether the research involves cross-sectional or longitudinal comparisons. In fact, an argument could be made that three subfields of cognitive aging might be distinguished based on differences in the backgrounds of the research teams, the dominant journals where the research is published and the lack of cross-citations. One subfield focuses on characterizing and explaining cross-sectional age differences between adults in their late teens or early 20s and adults in their 60s and 70s. A second subfield is primarily concerned with factors affecting longitudinal change in presumably healthy adults over the age of 65, and a third subfield is interested in the detection and characterization of the early stages of dementia in older adults. One major issue in the field is the extent to which the same causal factors and mechanisms are operative in these different subdisciplines within cognitive aging.

The preceding taxonomy is also not exhaustive because animal models of cognition could be mentioned as another perspective. Researchers working with nonhuman animals often use tasks resembling those used with humans, and as will be discussed in Chapter 2, there are many parallels in the two sets of results. However, the animal cognition perspective is less integrated into the cognitive aging research literature than the five perspectives mentioned above, and thus it will only be briefly mentioned in this book.

All five of these perspectives have been used to study the phenomenon of cognitive aging, but with different types of samples, procedures, and analytical methods, and with the reports often published in different journals. One of the goals of the current book is to attempt to integrate some of the major research findings concerned with cognitive aging from all five of these approaches.

Early Themes

Two broad themes about cognitive aging have been apparent from the beginning of research on this topic. The first theme is that different cognitive variables have different patterns of relations with age, and the second is that there is large variation in cognitive performance across people at any given age, such that the differences associated with age correspond to only a small proportion of the total variation that exists across people.

Different Variables Age Differently

One of the earliest findings in research on cognitive aging was that there was a pattern of stability, or even an increase with age, in measures of vocabulary and general information, and a decrease with age in measures of memory, reasoning, forming new associations, and the ability to solve novel problems.6

The early results indicating that different cognitive variables exhibited different age trends led to distinctions between two types of cognitive ability, one broadly referring to accumulated knowledge, and the other to the ability to generate, transform, or manipulate information. The distinction is loosely analogous to the information you already know versus your ability to acquire new information and to manipulate or transform old information. Many labels have been proposed for the different types of cognitive functioning, but the terms “fluid” and “crystallized” are probably the most frequently used in the psychological literature. Fluid abilities are conceptualized as diffuse in that they can flow into many different tasks or activities, whereas crystallized abilities refer to the somewhat stable residue of prior interactions of one’s fluid ability with his or her environment. However, this terminology can be somewhat confusing in the context of cognitive aging because research within the psychometric perspective has revealed that several abilities besides fluid ability decline with increased age, such as perceptual speed and episodic memory. Another set of labels for the two types of cognitive abilities are the terms “process” and “product.” Process refers to efficiency of processing at the time of assessment, and product refers to cumulative products of processing that was carried out earlier in one’s life. However, it is important to recognize that all of the terms are merely labels of the different types of cognitive ability, and they are not explanations. Some theorists have linked the first type to biology and the second type to experience and culture, but these linkages should probably be viewed as tentative because both types of cognitive abilities have been found to be influenced by genetics and by historical or cultural changes.

Accurate description of the age relations on any variable requires moderately large samples of people across a wide, and continuous, range of ages. As noted earlier, much of the published research from the experimental cognitive, neuropsychological, and cognitive neuroscience perspectives on cognitive aging is based on samples from only two or three relatively narrow age ranges. If the sample sizes are large enough to have sufficient statistical power, this type of extreme-group research design can be efficient for the detection of group differences7, but it is of limited value for characterizing the complete age relation on a variable. The omission of adults in the middle age range is understandable because many of these individuals are working and may not be as available to participate in research as college students or retired adults. Nevertheless, studies with only two groups from the extremes of the age distribution necessarily provide incomplete information about the nature of age relations across the entire period of adulthood.

Meaningful comparisons of age effects on different variables also require that the variables are sensitive across a wide measurement range and have adequate reliability. Some cognitive tests are designed to screen large numbers of people for dementia in epidemiological studies and are too easy for most people, whereas many tasks developed by cognitive psychologists and neuropsychologists have not had their reliability established. For the reasons just mentioned, results from the psychometric perspective tend to be the most informative for characterizing age trends in cognitive functioning.

Most of the measures of performance obtained from cognitive tests are in different scales, and therefore they need to be transformed to the same units to allow age trends to be compared across different tests. One possibility is to use the proportion of correct answers or the proportion of the maximum score as the common scale, but proportion scores are not necessarily meaningful for all tasks, such as those based on reaction time measures. The most widely used convention is to express all scores in units of across-person variability (i.e., standard deviations) in the variable. That is, the scores are converted to standard deviations by subtracting each score from the mean of a reference distribution, and then dividing that difference by the standard deviation of the reference group. This transformation into what are known as z-scores has the advantage that the scale has the same meaning with all variables, and if the distribution is normal, the values can be expressed in terms of percentiles of the reference distribution. Specifically, 1 corresponds −to the 16th percentile of the distribution, 0 to the 50th percentile, +1 to the 84th percentile, etc.

The use of standard deviations is based on the assumption that the distributions of scores are symmetric and bell shaped. Fortunately, this assumption frequently appears justified because with moderate to large sample sizes the scores in many cognitive tasks closely approximate a normal distribution. For example, Figure 1.4 illustrates the proportion of individuals with different percentages of words recalled from a list of unrelated words. It can be seen that the distribution is nearly symmetric and shaped approximately like a bell, which are two distinguishing characteristics of a normal distribution.
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Figure 1.4. Frequency distribution of the percentages of individuals who recalled different percentages from a list of words.



A number of different reference distributions could be used when making age comparisons. For example, the scores at each age could be expressed relative to standard deviations computed across adults of all ages, or they could be expressed relative to standard deviations derived from scores of only young adults. A reference distribution based on people across a wide range of ages is informative about the placement of a group or an individual in the entire population, but it may lead to underestimation of the actual magnitude of the age trends because some of the variation in the total sample, and hence in the standard deviation used to calibrate the scores, is associated with age-related effects. This is not a problem when young adults are used as the reference distribution, and because young adulthood is the period of peak performance for many cognitive variables, the use of this reference group also has the advantage of allowing comparisons to be made against the best-performing individuals.

It is interesting that some of the most popular standardized cognitive test batteries, the Wechsler tests (e.g., Wechsler-Bellevue, WAIS, WAIS-R, WAIS III; WMS, WMS-R, WMS III) use different reference distributions for different age ranges, which has the effect of artificially eliminating the age relations on the transformed scores. The rationale for this procedure was that David Wechsler, the original developer of the tests, considered age-related decline in certain aspects of cognitive functioning to be normal, and hence that the most meaningful information for a test interpreter was the extent to which an examinee deviated from normal, as reflected by his or her performance relative to other people of the same age. However, it is important to recognize that it is no longer meaningful to examine relations of age to the age-adjusted scores when the scores are calibrated separately for different age groups.

Figure 1.5 portrays age trends in the tests illustrated earlier in total sample standard deviation units. These data are from participants in different studies conducted in my laboratory, with the number of individuals contributing to each function ranging from 2,780 to 8,085. It can be seen that there is a similar pattern of nearly linear age-related decline for memory, reasoning, spatial visualization, and speed variables, and for an increase until about age 60 followed by decline for the vocabulary variables.
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Figure 1.5. Means and standard errors of performance in different cognitive tests in the Salthouse data as a function of age, expressed in total sample standard deviation units.



Measurement of the variables in these studies was reliable, and the sample sizes were moderately large. However, the individuals were recruited on the basis of convenience (e.g., with newspaper advertisements, flyers, and referrals from other participants), and consequently they are not necessarily representative of the general population. That is, all of the participants in these studies were volunteers, and the fact that they volunteered to participate in a research study may distinguish them from other people. Some of the people may have participated because of possible concerns about their level of cognitive functioning, whereas others may have been motivated to participate to confirm their beliefs that they were still functioning at very high levels. Regardless of the reasons for participation, a sample may not be representative of the population when all of the members of the sample explicitly volunteered to participate. The problem of differential selection as a potential contributor to age relations in cross-sectional comparisons was recognized by some of the earliest researchers in the field8, and it clearly needs to be considered when interpreting the results from convenience samples.

Some of the best available data on age trends in cognitive functioning are those obtained from samples used to establish the norms in standardized tests. These data are valuable because in addition to ensuring that all of the variables are reliable, most test publishers rely on stratification procedures to obtain nationally representative samples in which the numbers of individuals are matched to proportions in the population in terms of characteristics such as age, gender, race, ethnicity, years of education, occupation, and region of the country.

The next three figures portray age trends on a variety of cognitive variables from three comprehensive test batteries. Because of the manner in which the normative values are reported in the test manuals, the reference distributions in these figures are young adults. In each case the age patterns are similar, with slow growth for product measures (such as vocabulary and general information) until about age 60, followed by gradual decline, and a continuous decline from the early 20s for process measures. The right axes of the figures represent percentiles of the reference distribution, where it can be seen that by age 70 the average adult is performing at a level lower than the 20th percentile of the distribution of young adults on most of the process variables.

Because the age trends are not necessarily linear, it is informative to examine the slopes of the relations between cognitive performance and age at different periods in adulthood. Estimates of these slopes for adults under and over age 50 computed for the variables from the previous figures are plotted in Figure 1.9 (for the Salthouse data) and Figure 1.10 (for the data from standardized tests). Inspection of the figures reveals that for the product variables there is an increase with age prior to about 50 followed by decline at older ages. Declines are evident at both age ranges for the process variables, although with somewhat greater rates of decline after age 50.

Perhaps because only young and old adults have been compared in many studies, it is often claimed that there is a continuous increase in knowledge throughout adulthood. However, the results in Figures 1.5 through 1.8, as well as findings from other large-scale studies9, suggest that performance on many standardized tests of vocabulary stops increasing at about age 60 and declines at older ages.
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Figure 1.6. Means of performance in cognitive tests from the Wechsler Adult Intelligence Scale III test battery, expressed in standard deviation units from the sample of adults age 20 to 34. The vertical axis on the right represents the percentile of the reference distribution.
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Figure 1.7. Means of performance in cognitive tests from the Woodcock-Johnson III test battery, expressed in standard deviation units from the sample of adults age 20 to 29. The vertical axis on the right represents the percentile of the reference distribution.
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Figure 1.8. Means of performance in cognitive tests from the Kaufman Adolescent and Adult test battery, expressed in standard deviation units from the sample of adults age 20 to 24. The vertical axis on the right represents the percentile of the reference distribution.
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Figure 1.9. Estimated slopes, in total sample standard deviation units per year, for vocabulary and other variables for adults under and over age 50 in the Salthouse data.




[image: ]

Figure 1.10. Estimated slopes, in young adult standard deviation units per year, for product and process variables for adults under and over age 50 from normative data in standardized cognitive test batteries.



Despite the lack of evidence indicating continuous increases in knowledge, it is still possible that knowledge continues to accumulate, but that it simply has not yet been documented because of the nature of the available tests. Indeed, it seems likely that current tests underestimate the true level of knowledge for most people. In order to be applicable to a large number of people, the tests have been designed to assess general, culturally shared, knowledge, but the majority of one’s knowledge is probably idiosyncratic and difficult to assess in a manner that allows comparisons across different individuals10. It is therefore conceivable that trends reflecting greater knowledge with increased age might be obtained if tests could be devised to assess the specialized types of knowledge that are unique to each individual. Comprehensive evaluation of an individual’s true level of knowledge is one of many areas where the assessment of cognitive ability is currently inadequate. This omission is unfortunate because it means that most studies of cognitive aging have focused on process variables that exhibit age-related declines, and thus the research may portray a somewhat distorted picture of the overall cognitive functioning of adults.

The results in the preceding figures indicate that variables representing reasoning, spatial visualization, memory, and speed abilities have very similar age trends. In each case there is a decrease of about 1.5 to 2 total sample standard deviation units from the 20s to the 70s. Moreover, although the negative age relations are stronger at older ages, there is no evidence in the figures of abrupt transitions or dramatic drops corresponding to the onset of menopause for women, or to the typical retirement age for men or women.

Some researchers have suggested that the patterns of age-related change in individuals may be more step-like rather than continuous. Although this is certainly possible, there is little data in support of this speculation at the current time, at least in part because it would require precise and reliable estimates of an individual’s performance across a wide range of ages that are not yet available.

When the samples are large enough, somewhat different age trends can be detected with different tests of the same type of ability. For example, age trends have been reported to be more positive for measures of synonym vocabulary than for measures of antonym vocabulary, for difficult compared to easy vocabulary items, and for measures of expressive (i.e., What is the name of the object in this picture?) than for measures of receptive (i.e., Which picture represents this word?) vocabulary11. Moreover, it is conceivable that different age trends might be found for passive (recognition) versus active (actual use) vocabulary, although no large-scale studies have apparently been published with this type of comparison.

The point of this digression is that one needs to be cautious in drawing conclusions about age trends from a single variable, even if the assessment of that variable is reliable, and the data are based on a large and representative sample of adults. Variable-specific characteristics can affect the age relations on any particular variable, but these characteristics should not be inferred to be the major determinant of the age differences on that variable until the age relations are examined in the context of age relations on other variables.

Large Individual Variation

The second major theme apparent from the earliest cognitive aging research is that there is considerable variation among the scores for different people of the same age12. One way of illustrating this variability is with a figure in which the vertical axis represents scores on the variable, the horizontal axis represents age, and data points correspond to scores of individual participants. Figure 1.11 contains this type of data from a task in which participants attempted to remember as many words as possible across four presentations of the same list of 12 unrelated words. Performance in the task is represented in the figure in terms of the proportion of words correctly recalled across the four presentations. The diagonal line in Figure 1.11 represents the average age trend, which corresponds to a decrease of about 0.3% per year from the maximum. However, it is obvious that there is a great deal of variability at each age because the scores of some adults in their 20s are below the average of adults in their 60s, and the scores of some adults in their 60s are above the average of adults in their 20s. Figure 1.11 therefore makes it clear that age-related variation in cognitive test performance is only a fraction of the total between-person variation, a fact that has been recognized since the first systematic studies on cognitive aging.
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Figure 1.11. Scatter plot of the proportion of words recalled as a function of age. The solid line corresponds to the regression equation for these data.



One of the most common methods of expressing the association between two variables is with a correlation coefficient, and in the range from about 18 to 80 years of age the correlations between age and many measures of cognitive ability are typically between about–0.2 to–0.6.13 Because the square of a correlation indicates the proportion of variance shared between two variables, correlations of this magnitude indicate that only between 4% and 36% of the total across-person variation in the scores is associated with age. The correlation between age and the recall proportion scores in Figure 1.11 was–0.46, which indicates that although the scores are clearly related to age, only about 21% (i.e., .462) of the total variation among the people in this measure of memory functioning was associated with age.

Results such as these indicate that between 64% and 96% of the differences among people in many cognitive test scores are associated with factors other than age. Some of the variability is due to imprecise assessment, random fluctuation, or what is broadly termed measurement error. Much of the systematic variation is probably due to stable individual difference characteristics other than age. Nevertheless, the relations between age and measures of cognitive functioning are intriguing because years from birth is a very crude variable, and yet it is associated with more of the between-person variation in cognitive performance than most other individual difference characteristics, including gender, ethnicity, or personality type.

Age and Between-Person Variability

It is sometimes assumed that people become less similar to one another as they grow older because of the diversity of occupations, leisure activities, health conditions, and experiences as they age. To the extent that people age differently, it might be expected that people would become less alike with respect to their levels of cognitive abilities as they grow older, such that the magnitude of between-person variability would increase with age. Surprisingly, quite a few empirical results are inconsistent with this expectation.

One index of variability is the standard deviation, and thus the relation between age and variability of cognitive performance can be investigated by examining standard deviations at different ages. What may be the earliest report comparing standard deviations at different ages, published in 1933, found them to be nearly constant in the range from 20 to 60 years of age14. Subsequent empirical findings on age differences in between-person variability have been mixed, with some reviews concluding that between-person variability of cognitive performance increases with age, and others reporting an inconsistent pattern.

Figure 1.12 illustrates standard deviations as a function of age for 10 variables from our research project. The sample sizes for different variables ranged from 2,780 to 8,058, with between 140 and 1,359 individuals contributing to the values for each data point. Examination of the figure reveals that there is little indication in these data of a systematic relation between age and amount of between-person variability, and if anything, with some variables between-person variability appears to be smaller at older ages.15
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Figure 1.12. Standard deviations as a function of age for the same data (Salthouse data) portrayed in Figure 1.5.



However, results from convenience samples are not ideal for investigating age differences in variability because the degree to which the individuals are representative of the general population could vary across age groups. Differential representativeness is less of a problem in the samples used to establish norms for standardized tests because, as mentioned earlier, the normative samples are typically selected in a manner to match the proportions in the population with respect to characteristics such as education, sex, ethnicity, region of country, urban versus rural residence, etc. Even these normative samples are likely to exclude individuals in poor health, and to the extent that level of health decreases with age and is related to scores on cognitive tests, results from normative samples may underestimate age-related increase in variability. Nevertheless, the samples used to provide the norms for standardized tests probably provide the best available data for examining age differences in between-person variability.

Figures 1.13, 1.14, and 1.15 portray standard deviations at different ages for the same standardized tests used to illustrate age trends in three comprehensive test batteries. Inspection of the figures indicates that any age trends in between-person variability are relatively small, particularly in comparison with the age trends in the means in the same variables (i.e., Figs. 1.6, 1.7, and 1.8).
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Figure 1.13. Standard deviations as a function of age for the same data (Wechsler Adult Intelligence Scale III test battery) portrayed in Figure 1.6.
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Figure 1.14. Standard deviations as a function of age for the same data (Woodcock-Johnson III test battery) portrayed in Figure 1.7.
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Figure 1.15. Standard deviations as a function of age for the same data (Kaufman Adolescent and Adult test battery) portrayed in Figure 1.8.



It is likely that variability would increase with age if the samples included individuals in poor health and very old adults. However, it is important to note that these results clearly indicate that age-related declines in average level of performance can occur in the absence of sizable increases in between-person variability. Relations between age and cognitive functioning therefore do not seem to be a consequence of only some people declining with many others remaining stable, because that would result in an increase in variability that is typically not found.16

Another interesting point to consider is that to the extent that there was an age-related increase in between-person variability, then other things being equal, the magnitude of the correlations between age and scores on the various tests would be expected to decrease with increasing age. That is, an increase in the individual difference variance not related to age would mean that the variance that is related to age corresponds to a smaller proportion of the total variance, which implies that the correlation of the variable with age should be weaker at older ages. However, as indicated in Figures 1.9 and 1.10, for many variables the age relations are actually stronger, rather than weaker, at older ages. At least for healthy adults, therefore, age appears to be a more precise predictor of an individual’s cognitive status at older ages than at younger ages.

Correlations among Variables

It is sometimes claimed that correlations among different cognitive variables increase across the adult years, which might suggest that variables and abilities become less distinct, or differentiated, as people grow older. This possibility can be examined in the same data reported earlier. Median correlations for the 10 variables from our project are reported in Figure 1.16. Notice that the values appear remarkably consistent from the 20s through the 70s. The figure also contains correlations between a prototypical process variable (Raven’s Progressive Matrices) and a prototypical product variable (Wechsler Vocabulary). Once again there is no indication of a systematic pattern of increasing correlation with increasing age.17 The third set of correlations in Figure 1.16 are between two measures of perceptual speed. These correlations do appear to increase somewhat with increasing age, which suggests that task-specific influences in assessments of perceptual speed may become less salient with increased age, thereby resulting in stronger correlations among the speed measures.
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Figure 1.16. Correlations between different combinations of cognitive variables as a function of age in the Salthouse data.



Correlations can also be examined among the scores of standardized tests from the nationally representative samples used to establish the norms for commercial test batteries. Figure 1.17 illustrates median correlations among variables as a function of age from several of the standardized cognitive tests reported earlier. Notice that the correlations are moderate in magnitude and nearly constant across all of the adult years. In none of these sets of data, therefore, is there any evidence of systematic differences as a function of age in the magnitude of the correlations among variables.18 There may be an increase in the strengths of the relations among variables in certain samples, but it is apparently not a universal characteristic of normal aging up to at least age 80.
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Figure 1.17. Mean correlations between combinations of cognitive variables in standardized cognitive test batteries as a function of age.



When Does Cognitive Decline Begin?

One of the major questions concerning cognitive aging is when it begins. This question is important because the answer could have both theoretical and practical significance.19 Not only would the search for causes likely be most successful when the focus is on the period when the phenomenon originates, but interventions intended to prevent or delay the phenomenon are likely to be most effective if they are implemented at the earliest stages of change.

It is often claimed that cognitive decline only occurs late in life, or that when it occurs it is associated with a pathological condition. Assertions such as these might seem surprising in view of the results described earlier that appear to indicate nearly continuous decline in many measures of cognitive performance from the early 20s. Some of the inconsistency is probably attributable to differential emphasis on findings from crude assessments of overall cognitive ability rather than sensitive measures of specific abilities. Different findings from longitudinal versus cross-sectional comparisons, which will be discussed in the next chapter, are likely also contributing to the discrepancy between well-documented cross-sectional age trends and certain claims about the time course of cognitive aging.

Many criteria could be used to determine when aging begins, or as the basis for assigning labels to specific ages. For example, old age could be defined as occurring when 50% of the birth cohort has died (which is approximately how life expectancy is measured). According to a definition of this type, in 1900 an old person would be someone who was 47 or older, in 2000 the beginning of old age might have been around 77 years of age, and in the not-too-distant future old age might not begin until age 85. Alternatively, cognitive aging might be considered to begin when it is first noticed by the individual or by others, or when there is a statistically significant drop from his or her level some number of years earlier. Based on their changing descriptions of the participants in their studies over time, some researchers seem to define old age as 10 years older than their own current age.

All of these criteria are somewhat arbitrary, however, and a more productive approach to determining when cognitive aging begins is to examine levels of cognitive performance across a wide age range. Lifespan age relations on process and product cognitive variables can be illustrated with data from three recent test batteries that were administered to people ranging from under 6 to over 90 years of age.20 Each battery has one or more tests of process and product cognitive ability, and to allow across-variable comparisons, the scores have been expressed as the percentage of the maximum across all ages. Age trends for process measures are portrayed in the left panel of Figure 1.18, and those for product measures are portrayed in the right panel.
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Figure 1.18. Proportion of the maximum score on 10 different cognitive tests as a function of age across the entire life span.



Inspection of these results reveals that there is a remarkably similar pattern across the variables in each sample. Specifically, for each variable there is an increase until about the late teens or early 20s, followed either by a decrease for process variables, or by a period of stability and then a decline at around age 50 or 60 for product variables. The cross-sectional age trends in process measures of cognitive ability are therefore similar to those found in measures of physical ability in that declines appear to begin in the 20s and to continue throughout all of adulthood.

How Large Are the Effects?

Another important question concerning cognitive aging is the magnitude of the age-related effects. This is a particularly relevant question because the phenomenon of cognitive aging may not be very important or interesting if the effects are small. Several methods can be used to evaluate the size of cognitive aging effects.

First, the magnitude of the differences found across the period of adulthood can be compared with the magnitude of differences found across the period of childhood. This method was originally proposed by researchers in 193321, who reported that for several cognitive variables the decrease from 20 to 55 years of age was about the same magnitude as the increase from 14 to 20 years of age. Similar comparisons can be derived from the lifespan data in Figure 1.18, where it appears that for the process variables, the difference between about age 18 and 80 is nearly the same magnitude as the difference between about age 8 and 18.

A second method of specifying the size of the cognitive aging phenomenon relies on information about the location of the average individual of a given age within a reference distribution. This type of percentile information is available in the earlier figures which portray the age relations both in standard deviation units and in percentiles of the reference distribution. Inspection of Figures 1.6, 1.7, and 1.8 indicates that the average individual at age 75 is at about the 10th percentile of the young adult reference distribution.

A third basis for evaluating the magnitude of cognitive aging effects consists of contrasting them with the age-related effects on various biological systems. An article published in 200122 reported estimates of annual decline for various body organs in units of the percentage of the maximum across all ages. To illustrate, the estimated percentage decline of the efficiency of the musculoskeletal system was 0.36%/year, for the gastrointestinal system it was 0.60%, for the respiratory system it was about 0.84%, and for the immune system it was about 1.10%. Estimates of annual decline in standardized tests of cognitive ability derived from data in the test manuals are often close to 1%/year. For example, for the WAIS III Block Design variable it is 0.72%, for the WAIS III Matrix Reasoning it is 0.97%, for the WASI Block Design variable it is 0.90%, for the WASI Matrix Reasoning variable it is 0.90%, for the KAIT Mystery Codes variable it is 0.94%, and for the KAIT Rebus Figures variable it is 0.98%.

Finally, the size of cognitive aging effects can be compared with the sizes of effects representing other types of relations. Another article published in 200123 summarized the strengths of a variety of associations expressed in correlation coefficient units. Some of their results are reproduced in Table 1.1, where it can be seen that the relations between age and the level of performance on certain cognitive tests are stronger than many of the relations among biomedical variables that form the basis for contemporary medical practice.


Table 1.1. Estimated Effect Sizes (Correlations) for Different Types of Relationships


	Effect	Size

	Aspirin and reduced risk of heart attack	.02

	Chemotherapy and surviving breast cancer	.03

	Calcium intake and bone mass in post–menopausal women	.08

	Ever smoking and subsequent incidence of lung cancer within 25 years	.08

	Alcohol use during pregnancy and subsequent premature birth	.09

	Effect of nonsteroidal anti–inflammatory drugs (e.g., ibuprofen) on pain reduction	.14

	Gender and weight for U.S. adults	.26

	ECT for depression and subsequent improvement	.29

	Sleeping pills and short–term improvement in chronic insomnia	.30

	Age and episodic memory	.33

	Elevation above sea level and lower daily temperatures in the U.S.	.34

	Viagra and improved male sexual functioning	.38

	Age and reasoning	.40

	Weight and height for U.S. adults	.44

	Age and speed	.52

	Gender and arm strength	.55

	Nearness to equator and daily temperature in the U.S.	.60

	Gender and height for U.S. adults	.67



Adapted from Meyer et al. (2001).



Each of these different ways of expressing the magnitude of age relations indicates that the effects of aging on certain measures of cognitive functioning are fairly large. However, it is important to recognize that because there is considerable variability, the relation between age and any measure of cognitive performance is only probabilistic, and it cannot necessarily be used to predict the performance of a given individual. Terms such as “universal” and “inevitable” are sometimes used to refer to age-related cognitive changes, but it is probably more appropriate to use terms such as “normative” (happens to most) and “progressive” (effects are larger, and more likely, with increased age).

Moderators of Age Trends

Although the trends summarized in the previous figures may appear convincing, it is natural to wonder whether the cross-sectional age relations vary according to particular characteristics of individuals. This issue will be explored in more detail in Chapter 4, but results with two individual difference variables, gender and initial level of ability, will be discussed here.

Gender

There are occasional reports of more rapid cognitive aging in either males or females, but most of the claims are based on relatively small samples of unknown representativeness. Systematic analyses with larger samples tend to reveal that although there are some gender differences, with males performing higher in some tests and females performing higher in other tests, the rates of age-related decline are very similar in men and women.24

The two panels in Figure 1.19 portray results from two tasks in our project; a spatial relations task, and a free recall memory task. The patterns in these figures are fairly typical as males frequently perform somewhat higher than females on spatial ability tasks, and females frequently perform somewhat higher than males in verbal memory tasks. However, the important point to note in the current context is that the age trends are nearly parallel for males and females. These findings are also consistent with reports from recent longitudinal studies in which gender differences are sometimes found in the intercept parameter representing the overall level of performance, but seldom in the slope parameter representing the rate of age-related decline. It therefore appears that although males and females may have different average levels of performance on some cognitive tests, they do not differ much, if at all, in the rate at which cognitive performance decreases with increasing age.
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Figure 1.19.
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