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Cognitive Aging

Cognitive Aging: The role of strategies offers a ground-breaking new strategy perspective to understanding the underpinnings of both age-related changes and invariance in human cognition. The book first describes what is currently known about cognitive aging, reviewing the behavioral and neuroimaging data showing how our cognitive performance changes with age during adulthood. Current mainstream models propose that as we age we use the same mental processes as when we are young, only less efficiently. In fact, there is good evidence that as we age, we qualitatively change the ways in which we think, resulting in changes in the types of strategies we use to accomplish cognitive tasks.

Using data from psychology and neuroscience, strategic variations during cognitive aging are illustrated in many cognitive domains, from attention, memory, and problem solving to decision making, reasoning, and language. By investigating the various changes in strategy choice and repertoire, frequency of use, and efficiency of execution as adults grow older, the author provides a better understanding of age-related changes and individual differences in human cognition. Finally the book illustrates how this strategy perspective can be used to address related issues such as pathological aging, relationships, and personality, as well as the role of physical fitness and emotions in cognitive aging.

This advanced textbook will be invaluable to students and researchers on cognitive aging courses, as well as those in the field of gerontology, and professionals in allied areas such as medicine, nursing, and social work.

Patrick Lemaire is a Professor of Psychology at Aix-Marseille University. He is also a member of the prestigious Institut Universitaire de France and has over 130 publications in cognitive aging and related fields.
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1 Cognitive Aging: A brief overview

DOI: 10.4324/9781315650999-1


Chapter outline


	The goals of the psychology of cognitive aging

	Overall changes in intellectual abilities with aging

	Cognitive aging and task constraints

	Individual differences in cognitive aging

	Conclusions


Between the ages of 20 and 60, we can lose up to 40% of our cognitive abilities. Twenty years later, we have lost a further 20%. These figures describe normal aging. That is, what we can experience if we are not suffering from neurodegenerative disease or other aging-related mental or physical health problems. Research on cognitive aging has made major progress over the last three decades. Whereas aging was once seen as an inevitable process of homogeneous cognitive decline, today we have a much more nuanced understanding. We now know that cognitive aging involves a mosaic of phenomena, of which the deterioration of certain intellectual abilities is just one facet, while the maintenance—and even the improvement—of certain other abilities is another. The general idea defended in this book is that the best way to improve our understanding of cognitive aging is to take a strategy approach. This consists of studying age-related differences and changes in strategic variations (i.e., the repertoire, distribution, execution, and selection of strategies) and using methods which are suitable for assessing these variations. Most of this book will focus on showing how this strategy perspective enhances our understanding of cognitive aging. First, this chapter presents a brief overview of the main age-related effects on human cognition (for more detailed and exhaustive presentations, see Craik & Salthouse, 2008; Lemaire & Bherer, 2005, and Salthouse, 2010b). We will then go on to see how the strategy perspective can shed light on these phenomena, as well as uncovering others which would otherwise go entirely unrecognized. The next section begins by reviewing the main goals of the psychology of cognitive aging. The section that follows presents the overall trends in how cognitive performance changes with age, before looking at how various factors modulate these trends. The fourth section discusses observed individual differences in cognitive aging, and the fifth and final section concludes this brief overview.


The goals of the psychology of cognitive aging

The overarching goal of research in the psychology of cognitive aging is to understand how our intellectual abilities change with age during adulthood. This change can result from “normal” aging (i.e., in any individual who does not suffer from dementia or any other age-related neurodegenerative pathology) or from “pathological” aging (i.e., in case of disease). Normal cognitive aging will be the focus of this book.

Researchers pursue a number of objectives in parallel in order to attain this general goal. First, they describe in detail how our cognitive performance changes with age in various domains, from the most basic levels of cognition (such as perception and pattern recognition) to its most highly integrated levels (such as reasoning and decision making). The question in this context is whether certain cognitive functions are more affected by aging than others. Among the affected functions, how much does each one decline? Do certain functions deteriorate more and earlier than others? Do the speed and range of decline vary from one function to another? What kind of involution does each function go through over time? For a given function, does performance on one task decrease more than performance on another task, which assesses a different component of that function? Are some preserved? Does change over time in different functions interact with task constraints? In other words, regardless of the domain of cognition that is studied, the task is to describe what changes (i.e., deteriorates or improves) and what remains stable across ages.

It is not always easy to draw clear conclusions on age-related changes of different functions. For a given function in a given domain (e.g., memory), often large performance differences are observed between young and older participants (e.g., in recall tasks assessing episodic memory); sometimes smaller differences are found (e.g., in episodic memory recognition tasks); and sometimes even no differences with age are observed (e.g., in implicit memory tasks). For example, in studies on implicit memory, some researchers have found no differences between young and older participants when probing implicit memory using word-fragment completion tasks, where participants are shown a group of letters and asked to add letters to this group in order to make a word (e.g., Clarys, Isingrini, & Haerty, 2000; Fay, Isingrini, & Clarys, 2005; for similar results with a motor task, see also Chauvel et al., 2012; Fleischman, Wilson, Gabrieli, Bienias, & Bennett, 2004), or an identification task where participants are shown pictures of objects and are asked to name them (e.g., Mitchell, 1989). In contrast, other researchers have found large differences between young and older participants when they have probed implicit memory using a task requiring participants to spell words aloud (e.g., Davis et al. 1990). On one task, trigram completion (i.e., participants are shown the first three letters of a word and have to complete it with the missing letters to form a word), certain studies have reported deleterious effects of age (e.g., Small, Hultsch, & Masson, 1995; Winocur, Moscovitch & Stuss, 1996), while others have reported no effects (e.g., Clarys et al., 2000; Fay et al., 2005; Nicolas, Ehrlich, & Facci, 1996).

The use of a wide range of tasks, techniques, and measures is required to produce convergent results that reveal the patterns underlying the diversity of findings. By studying differences between domains and tasks, as well as within tasks, psychologists aim at establishing the most detailed and precise possible cartography of how cognition changes with age. Their ambition is to uncover the general characteristics that distinguish cognitive functions and processes which change with aging from those that remain stable. One important general feature that characterizes age-related changes in many cognitive function is costs in processing resources. As we shall see in this book, across a wide range of cognitive domains, the more demanding in processing resources, the larger deleterious aging effects. In sum, the first objective of cognitive aging research is to as precisely and with as many details as possible determine what changes and what remains stable with aging in human cognition.

The next question is whether there are individual differences in how cognitive performance changes with aging. In other words, does aging affect everyone in the same way, or are there individuals whose performance does not decline at all with age, or individuals whose decline is less marked than others? Once these individual differences have been determined and documented with great details, the next task for psychologists is to determine what characterizes individuals who experience greater deficits with aging versus those undergoing much more successful aging. The extent of decline can be assessed both by the number of domains where deficits are observed and by the amount of decline in a given domain. Aging patterns can vary widely. An individual might experience smaller deficits in many domains, or, in contrast, very significant deficits in a smaller number of domains. Moreover, two comparable patterns of cognitive decline (in terms of magnitude and/or number of deficits) can result from different underlying realities (e.g., different cognitive mechanisms are affected). To determine the origins of these individual differences, psychologists study a wide range of variables: Cognitive (e.g., level of formal education), affective (e.g., emotional stability), and personal characteristics (e.g., intro-/extraverted personality, gender, physical health), as well as life history (e.g., profession, stress, trauma) and habits (e.g., diet, exercise, and socio-cultural activities). The study of these variables allows researchers not only to determine what characteristics underlie individual differences, but also to investigate the mechanisms that produce them. It can also yield highly general information on human cognition (e.g., what are the conditions for optimal cognitive plasticity? What conditions are needed to maintain, or even continuously develop, cognitive functioning over the lifespan? What are the limits of our cognitive capacities?).

The third objective of research on cognitive aging is to determine what mechanisms underlie observed changes (as well as stability) in cognitive performance during adulthood. Age, or the passage of time, is in no way the cause of cognitive aging. Instead, what psychologists of cognitive aging try to find out is what happens in our lives as time passes. This chain of events plays out at different levels of the cognitive system, from the molecular and cellular levels all the way up to the most integrated and functional levels of the central nervous system. Psychologists focus more on the functional and behavioral levels, although they increasingly work in close collaboration with researchers in other disciplines which study aging, such as neurosciences and biomedical sciences.

Finally, while the goal of basic research is not to produce immediate solutions to practical problems—given that the usefulness of fundamental discoveries, although very important, is often an unintentional and unpredictable result of the quest for understanding—one of the reasons to value research on aging is that it can lead to applications. There are many such applications, both in pathological aging (improved diagnosis and care for older patients, better support for care-takers) and in normal aging (to help each of us to undergo successful aging). In the case of normal aging, insofar as basic research tells us about the conditions required to age “successfully,” its discoveries offer the promise not necessarily of adding more years to life but, as a celebrated phrase puts it, of “adding more life to (years of) life.”


Overall changes in intellectual abilities with aging

To study age-related differences in our intellectual abilities, researchers administer various tasks to young adults (between the ages of 20 and 40) and older adults (aged 65 and older). These tasks either assess overall intellectual functions or specifically target certain functions and/or processes. The overall tests include, for example, the famous IQ (intelligence quotient) tests, and offer a general assessment of intellectual abilities and how these abilities change with age. Many studies have used these types of tests and either compared the performance of young and older people (in cross-sectional designs) or else followed the same cohort of participants over many years (longitudinal designs). The results of such studies are illustrated in Figure 1.1. For example, Figure 1.1a shows data from the Seattle Longitudinal Study. These data show the performance of over 1,300 adults tested by Schaie and collaborators (Schaie, 1996) with the Primary Mental Abilities Test assessing reasoning, spatial cognition, perceptual speed, episodic memory, and vocabulary. As can be easily seen, apart from vocabulary, age leads to decreased intellectual performance. Figure 1.1b presents another example, the data from the Berlin Aging Study, in which Baltes and Lindenberger (1997) studied the sensory and intellectual functions of more than 300 participants between the ages of 20 and 103. At the sensory level, they tested visual and auditory acuity. At the intellectual level, they tested information-processing speed, reasoning, memory, knowledge, and verbal fluency. As the data in Figure 1.1b show, aging is accompanied by a steady and continuous decline in all of our sensory and cognitive abilities.

[image: ]Figure 1.1 Changes in intellectual abilities with age: (a) standardized scores on the Primary Mental Abilities Test (following Schaie, 2005); (b) scores on different sensory and cognitive measures from the Berlin Aging Study. (Data from Baltes, P. & Lindenberger, U. (1997). Emergence of a powerful connection between sensory and cognitive functions across the adult lifespan: A new window to the study of cognitive aging. Psychology and Aging, 12, 12–21, APA, reprinted with permission.)
Note that similar patterns of change in cognitive performance with age have been observed in longitudinal and cross-sectional studies. The decline with age seems to be (artificially) smaller in longitudinal studies, due to a simple test–retest effect. That is, performing the same tests a number of times, even at intervals of some years, attenuates the decrease in performance with age (Salthouse, 2010a, 2014). As interesting, informative, and valid as these data from psychometric studies on aging are, they are also limited in some ways. The most important of these, regarding what deteriorates and what remains stable with age in human cognition, is that these data suggest that all sensory and intellectual functions (except for vocabulary and knowledge) decline with age, beginning very early and going on steadily and continuously thereafter. And yet, when researchers began to take a cognitive perspective and started to analyze cognition in terms of information-processing operations, they observed that patterns of cognitive change can vary widely according to the domains tested and the tasks used. By breaking down broad intellectual functions into basic processes, researchers arrived at a picture of aging that was much richer and more interesting than the one that had previously been derived from the results of general tests. Here we will look at a few examples of such results from studies on major cognitive functions, such as attention, memory, and problem solving.

In the domain of attention, researchers try to understand how a number of abilities change with age: Our ability to select relevant information for processing and/or to focus on the important aspects of a task (selective attention), to divide our attentional resources between several information sources (divided attention), to flexibly alternate our attentional resources between different tasks or information sources (attentional flexibility), or to remain deeply focused for a prolonged period (sustained attention). A large number of tasks have been used to study the effects of aging on each of these attentional functions (see Maquestiaux, 2013; Pashler, 1998; Johnson & Proctor, 2004, for overviews). Let us look at illustrative examples of these effects from two studies: One on selective attention, the other on sustained attention.

One of the tasks used in the study of selective attention is the detection of a target item among other (distractor) items. For example, Farkas and Hoyer (1980) asked young and older participants to detect a T that was rotated by 90 degrees in three different experimental conditions. In the first condition, the target letter was presented on its own. In the second condition, it was presented along with distractors (other letters) which were not visually similar to it. In the third condition, it was shown among visually similar distractors. In addition to the finding that young people performed better at the task overall, the data also showed that older people had more difficulty ignoring distractors (Figure 1.2a). Unlike young people, older people took more time to detect the letter when it was presented along with other letters (similar or different); performance time increased still more with age in the condition where the distractors were similar to the target. These findings pointed to the idea that older participants were more easily distracted by irrelevant stimuli, which suggests an age-related deficit in inhibitory mechanisms.

[image: ]Figure 1.2 Age-related differences in attentional abilities. (a) Selective attention (data from Farkas & Hoyer, 1980); (b) sustained attention (Giambra & Quilter, 1988). These data show that our attentional abilities decrease with age.
In a study on sustained attention, Giambra and Quilter (1988) asked participants aged between 20 and 60 years or over to perform the Mackworth Clock Test. In this task, participants fixate on a pointer which makes a movement every second. From time to time, the pointer makes two movements in a single second, or a single movement over two seconds. The participants’ task is to press a button as quickly as possible to indicate when the pointer deviates from its regular pace of movement. As Figure 1.2b shows, detection times and rates of omissions (failures to detect irregular movements) were higher in older people than in young people. Older people’s disadvantage in detection times and rate of omissions became even greater in the second half of the experiment. These results suggest that, with age, we find it increasingly difficult to continue focusing on a task for a long time.

In the domain of memory, researchers seek to understand change with age in our abilities to encode information, retain it, and recall it when needed. This information can be declarative (knowing that) or procedural (knowing how).

In one of the first studies on age-related differences in declarative memory, Smith (1977) read a list of 20 words a single time to young adults (20–40 years), middle-aged adults (40–60 years) and older adults (more than 60 years) and tested their memory using either a free-recall task or a cued-recall task. The number of words correctly recalled in both of these tasks steadily decreased with age (Figure 1.3a). In a study on aging and procedural memory, Charness and Campbell (1988) trained participants to mentally calculate the square of a two-digit number (e.g., 12 × 12 = 144; 27 × 27 = 729) using an algorithm comprising several steps. As Figure 1.3b shows, all three groups of participants became increasingly quick at executing this algorithm with practice. However, both maximum speed and learning rate decreased with age. Young adults attained their maximum speed in fewer trials than middle-aged participants, who in turn made quicker progress than the older participants. Moreover, this maximum speed decreased as the age of the participants increased. Aging thus leads to a decrease in our abilities to learn new procedures.

[image: ]Figure 1.3 Age-related differences in memory and reasoning. (a) Declarative memory (data from Smith, 1977); (b) procedural memory (data from Charness & Campbell, 1988); and (c) inductive reasoning (data from Arenberg, 1982).
Many studies on reasoning have also shown that performance decreases with age. For example, Arenberg (1982) administered the poisoned-foods task to participants from age 20 to 80 and above. In this task, participants are given instructions such as these:

A meal consists of four dishes (A, B, C, D). For example, an appetizer, a meat dish, a vegetable dish, and a dessert. For each dish, there is a choice of two foods (1 or 2). For example, the appetizer can be either a salad or cold cuts, the dessert either ice cream or a fruit. Certain meals are poisoned. This can be determined by the type of food chosen for each dish. Find the poisoned food by creating menus: In each case you will be told whether or not your menu is poisoned.


The number of inductive reasoning problems correctly solved (out of 12), appearing in Figure 1.3c, showed a substantial, steady, and continuous decrease in performance with increasing age, from nearly 11 problems solved at age 20 to around five at age 80.


Cognitive aging and task constraints

Cognitive functions do not change homogeneously with aging, as the results presented above might seem to suggest. That is, performance does not decrease to the same extent or at the same speed in all domains and all tasks. In reality, the way in which different forms of cognitive performance change over time is influenced by the different constraints that apply to each task/domain. Thus, performance decreases, increases, or remains stable with age depending on the type of stimulus used, the situation that participants are tested in, and the type of constraints that the task requires them to take into account. In all domains of cognition, these constraints influence participants’ performance as well as magnitudes of age-related differences in performance. The extent of this influence varies depending on the domain and the task. Let us look at a few examples that illustrate how age-related decreases in performance vary with the type of task, instructions, and stimuli that are used. The examples are drawn from studies on perception, memory, reasoning, and language.


Perception

Hommel, Li, and Li (2004) gave young and older participants a target detection task in different experimental conditions. The participants were shown shapes (circles, squares) on a computer screen. They had to say whether each set of shapes contained a filled circle (half did, the other half did not). The sets included two, eight, or 14 distractors. The distractors could be circles (i.e., the same shape as the target) in so-called homogeneous sets, as well as squares (i.e., some of the distractors differed in shape from the target) in so-called heterogeneous sets. Figure 1.4 shows data from the conditions with seven and 13 distractors. As can be seen, in addition to the effect of age on correct target detection times (with older participants showing longer detection times), the differences between young and older participants were greater for heterogeneous sets with more distractors.

[image: ]Figure 1.4 Modulations of age-related differences in selective attention (data from Hommel et al., 2004).

Memory

Numerous studies on memory have found that the differences between young and older participants vary as a function of whether they are performing an incidental-recall task (where they are not informed in advance that they will have to recall the material to be learned) or an intentional-recall task (where they know that they will have to perform a recall task after the encoding phase). For example, Light and Zelinski (1983) asked young and older subjects to memorize objects and their locations on a map. The participants were tested either in an intentional-learning condition (i.e., they were asked to learn the items and their locations in order to recall both later), or in an incidental-learning condition (i.e., they were instructed to memorize the objects, but were not told that their memory of the objects’ locations would also be tested). During the recall phase, the participants had to recognize the 12 objects they had seen out of a set of 18, and to indicate their locations on an unmarked map. The older participants did substantially less well on the task, particularly in the incidental-learning condition (Figure 1.5). In another example, Taconnat, Clarys, Vanneste, Bouazzaoui, and Isingrini (2007) tested young and older adults after showing them 24 pairs of six- to nine-letter words (e.g., house–soldier) on a computer screen for 5 seconds each. The participants were asked to indicate how closely associated the two words were, using a Likert scale from 1 to 5 (1: weakly associated; 5: strongly associated). They then performed a cued-recall test (i.e., they had to recall the second word in each pair) in two conditions. In the high-support condition, the participants’ cue was the first word in each pair and the first three letters of the second word (e.g., house, sol____). In the low-support condition, their only cue was the first three letters in the second word from the pair (e.g., sol___). As Figure 1.6 shows, both age groups performed better in the high-support condition than in the low-support condition, but the difference was larger in the older group.

[image: ]Figure 1.5 Modulations of age-related differences in memory performance (data from Light & Zelinski, 1983).
[image: ]Figure 1.6 (a, b) Modulations of age-related differences in memory performance ((a) data from Taconnat et al., 2007 and (b) from Park & Shaw, 1992).
A final example is the study of Park and Shaw (1992), who found that the implicit memory performance of young and older adults differed little, or even not at all, whereas older adults performed worse than young adults on an explicit memory task (their data are summarized in Figure 1.6b). In both tasks, participants first learned a set of words and then were shown three- or four-letter word stems. Their task was to complete the words either with the words they had previously learned (explicit memory) or with any word that came to mind (implicit memory). As the data show, young and older participants showed comparable percentages of correct recall on the implicit memory task, whereas the older group performed worse on the explicit memory task.


Reasoning

The data presented in Figure 1.7 show that decreases in inductive reasoning performance with age interact with the type of information that participants are asked to process. In this study, Salthouse and Prill (1987) gave number series problems to young and older participants. In easy problems, the participants were shown a series of numbers, such as 19-22-25-28-31, and asked to indicate what number comes next in the series. They were also presented with moderately difficult problems, with series such as 63-91-65-94-67, and difficult problems, with series such as 84-66-52-42-36. The data clearly showed that the more difficult the required inductive inference, the larger the increase in solution times for these inductive reasoning problems. In a study on deductive reasoning, Salthouse (1992) gave participants between the ages of 25 and 75 three categories of reasoning problems. The first category involved a single premise (e.g., “C and D do the same. If C increases, will D decrease?”), the second two premises (e.g., “H and I do the same. G and H do the opposite. If G increases, will I decrease?”), and the third three premises (e.g., “W and X do the opposite. V and W do the same. X and Y do the opposite. If V increases, will Y decrease?”). As the data summarized in Figure 1.8 (right panel) show, performance decreased with age only for problems with two or three premises, whereas for problems with a single premise it remained stable. It also decreased more for problems with three premises than for those with two premises. In other words, the more information is required (i.e., number of premises), the larger the negative effects of age on deductive reasoning. Inferential mechanisms are thus not destroyed with age, but using them becomes more difficult when particpants must integrate a larger amount of information.

[image: ]Figure 1.8 Modulation of age-related differences in inductive reasoning (data from Salthouse, 1992).
[image: ]Figure 1.7 Modulations of age-related differences in inductive reasoning (data from Salthouse & Prill, 1987).

Language

Regarding language, psychologists seek to understand how the processes involved in our abilities to produce and understand language change with age. Research focuses on the various linguistic processing units (words, sentences, texts) and on both spoken and written language. At the word level, psychologists seek to discover how age affects processes like phonological and orthographic processing, which are crucial in accessing the lexicon. As in the other domains of cognition, psychologists study the effects of known variables in order to vary the difficulty of these processes, and examine the resulting effects on performance differences between young and older participants. For example, Allen, Bucur, Grabbe, Work, and Madden (2011) gave young and older participants a word-reading task in different experimental conditions. Certain words were phonologically regular (e.g., beam), meaning they are pronounced as they are written; others were irregular (e.g., have); some were frequent, others more rare. Additionally, half of the words were presented in all lowercase letters, whereas the other half were presented in a mix of lowercase and uppercase letters. As the irregular word-naming times presented in Figure 1.9 show, besides the longer reading times observed in older adults relative to young adults, frequency effects (i.e., reading times for rare words–reading times for common words) were larger when all the letters were presented in lowercase (+132 ms) than in the mixed-case condition (+102 ms). More interestingly, the difference in frequency effects between the two conditions was larger in the older participants (+150 ms vs. +113 ms) than in the younger participants (+114 ms vs. +90 ms). This Age × Condition × Frequency interaction is important because, as the authors point out, it suggests that the mixed-case condition disturbed lexical processing in older adults during the reading task. Mixed-case presentation apparently prevented older adults from focusing as much as they do normally on larger grapho-phonemic units, which slowed their performance, more so for frequent words.

[image: ]Figure 1.9 Modulation of age-related differences in language (data from Allen et al., 2011).

Individual differences in cognitive aging

Along with intra-individual differences (i.e., differential aging in different cognitive domains, tasks, and experimental conditions), inter-individual differences are also found (i.e., different individuals aging differently). Beyond simply observing that certain individuals experience earlier and/or larger declines, either in general or in particular domains, researchers seek to understand these differences. They aim at determining what individual characteristics are associated to these inter-individual differences. Understanding the mechanisms underlying these differences may not only allow us to explain them, but also to offer potential ways to counter or slow age-related cognitive declines. Such inter-individual differences have been observed both in large-scale studies on how cognitive performance changes with age (using batteries of psychometric tests) and in laboratory studies focused on specific cognitive functions and processes.

For example, as Figure 1.10a illustrates, the Seattle Longitudinal Study (Schaie, 2005; see also Salthouse, 2009a, b, 2010a) showed that one or two cognitive abilities began to decline in certain individuals beginning in their 30s (not necessarily the same abilities in each person). It also showed that:


	as of age 65, everyone has at least one declining cognitive ability;

	as of age 80, two abilities have declined in at least 80% of individuals;

	at age 90, three abilities have deteriorated in around 50% of the population;

	even at age 90, no one has experienced deterioration in all five abilities.


[image: ]Figure 1.10 Inter-individual differences in cognitive aging assessed by psychometric tests or tests of general cognitive efficiency. (a) Percentages of individuals with one to five declining mental abilities, by age (data from Schaie, 1996); (b) decrease in Mini-Mental State Examination score over 11.5 years by level of education (data from Lyketsos et al., 1999).
In other words, these data show that, in some individuals, advancing age leads to the decline of one, two, or more abilities, and that the number of abilities that decline with age differs between individuals.

Besides studying individual differences in age-related declines in performance on tasks which rely on a well-understood set of processes, cognitively oriented research has also succeeded in identifying a set of individual characteristics which modulate cognitive aging. Data from numerous studies suggest that cognitive decline varies with levels of education, profession, lifestyle, and socio-cultural activities, physical condition.

For example, Figure 1.10b is based on data published by Lyketsos, Chen, and Anthony (1999) showing decreases in scores (out of 30) on the Mini-Mental State Examination (MMSE), a test of overall cognitive function, over 11.5 years in a large sample of participants, according to their number of years of education. Although the MMSE is a very general and relatively insensitive test, it can clearly be seen that general cognitive efficiency decreased considerably more in participants with a lower level of education.

Note that general intelligence tests are not the only ones to have revealed inter-individual differences in aging. Such differences have also been found with tests of specific cognitive functions and processes, such as attention and memory. For example, the data of Bruyer, Van der Linden, Rectem, and Galvez (1995), shown in Figure 1.11a, showed that, in a Stroop task, age differences in performance in the interference condition decreased with increasing levels of education, suggesting that attentional processes (and in particular inhibition) decrease less with aging in more educated participants. Another example is the study of Mathy and Van der Linden (1995), who found that, in a story recall task, the number of correctly recalled statements decreased with age only in participants with a relatively low level of education (Figure 1.11b).

[image: ]Figure 1.11 Modulations of the effects of aging by education in different cognitive domains: (a) inhibition in the Stroop task (Bruyer et al., 1995); (b) episodic memory (Mathy & Van der Linden, 1995); (c) typing speed (Salthouse, 1984); (d) inhibition in the Simon task (Boucard et al., 2012).
Other factors have also been shown to modulate the effects of aging, such as level of expertise, socio-cultural activities, lifestyle, physical condition, and cognitive training. For example, expertise in a domain can modulate age-related cognitive decline. The data from Salthouse (1984) presented in Figure 1.11c illustrate how, in that study, typing expertise neutralized the effects of aging on inter-key interval (time between keystrokes in typing) and on a laboratory tapping task. The lengthening of inter-key and tapping latencies increased with age only in participants with a low level of typing expertise. Another example is the modulatory effects of physical activity on age-related cognitive declines (see Bherer, Erickson, & Liu-Ambrose, 2013, for a review). Physical activity has been shown to moderate the deleterious effects of age on many cognitive functions. As an illustration, Figure 1.11d shows a portion of the data of Boucard et al. (2012), which illustrate the Age × Physical Activity interaction on interference effects on the Simon task.
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