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ABSTRACT 

There is general agreement that biological aging is accompanied by some 

physiological and cognitive declines. However, there is considerable variability  ̂in the 

nature and rate of such declines. Recently, investigators have begun to consider an 

individual differences approach to examine ftctors, other than age, that may account for 

age-related variance in cognitive fimctioning. Activity levels have been suggested as one 

&ctor that may mediate cognitive changes with age. The current study attempts to 

employ both aerobic and cognitive activity as interventions, with a group of older adults, 

to examine whether such interventions can improve cognitive performance or prevent 

further decline. A total of 54 participants (aged 66-96 years old), engaged in either an 

aerobic exercise class, a cognitive training class, or a non-intervention control group. 

Individuals in the treatment groups met three times per week, for one-hour classes, which 

lasted for 16 weeks. They were administered a battery of cognitive tasks, including 

memory recall, verbal fluem ,̂ and working memory/span measures, as well as 

questionnaires tapping mood and well-being. Following the intervention period, both the 

aerobic group and the cognitive group showed improvements on measures of verbal 

fluency. In addition, the cognitive group evidenced significant improvements on measures 

of memory recall and the aerobic group showed a decrease in negative affect. The control 

demonstrated a agnificant decline in both memory recall and verbal fluency. The results 

are discussed in terms of the possible mechanisms involved in producing these changes. 
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INTRODUCTION 

Cognitive aging has become an area of increasing interest for both researchers and 

clinicians. As the average longevity of the population increases, issues concerning the 

physical and mental fimctioning of the elderiy are of growing concern. More than eleven 

percent of the population of the U.S. was older than 65 years in 1988 (Berger & Hecht, 

1989), and with the "baby boom" generation the number of older adults is expected to 

increase disproportionately to the other age groups. Most health professionals agree that 

biological aging is accompanied by some physiological and cognitive declines (e.g. 

Denney, 1982; Chamess, 1989). However, there is ongoing dd)ate as to whether these 

declines are actually normative and universal. One area of particular variability m the 

elderly is in the cognitive domain. The elderiy population is heterogeneous; some people 

are vigorous and quick witted at age 80, while others are struggling at age 60. 

For the purposes of this paper, Salthouse's (1991) definition of cognitive aging will 

be used; Cognitive aging refers to "the decrease in performance on various measures of 

cognitive fiuictions associated with increasing age in the adult portion of the lifespan" (p. 

1-2). There is general agreement that performance on most cognitive measures declines 

with age (e.g. Arbuckle, Gold & Andres, 1986; Salthouse, 1991), and that performance 

becomes slower with advancing age (e.g. Salthouse, 198S). However, cognitive 

performance among older adults varies as a fiinction of both the task employed and 

various individual characteristics that di£fer between subjects (e.g., Craik, Byrd, & 

Swanson, 1987; Shay & Roth, 1992). Task difficulty (Cerella, Poon, & Williams, 1980), 
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speed requirement of the task, (e.g., Arbuckl  ̂Gold, Andres, Schwartzman, & 

Chaikelson, 1992), task ftmiliatity (e.g. Scheldt & Schaie, 1978), and the complraty of 

the task can all afifect level of decline (Hoyer, 1985, Salthouse, 1985). Age related 

declines have been reported for many domains including visuospatial performance (Shay & 

Roth, 1992), perceptual and psychomotor speed (Cerella et al., 1980), speed of mental 

rotation O^er  ̂Hmzog, & Hunt, 1982), simple and choice reaction time (Clarkson-Smith 

& Hartley, 1989), rate of information processing (Salthouse, 1985) and various other 

memory processes (see Light, 1991 for a review). 

Contrary to cross-sectional data supporting an interpretation of a global 

intellectual decline beginning in middle age, various longitudinal studies have indicated 

otherwise (Willis, 1990). While longitudinal studies have supported the view that reliable 

decrements in cognitive functioning b^in to occur in the sixties, the onset of normative 

decline differs across cognitive processes, and there are wide individual differences in the 

pattern and onset of these declines. Generally, eailier decline occurs for abstract 

reasoning and speeded tasks, and later decline occurs for acculturated abilities, such as 

vocabulary, general information, and verbal comprehension that are often practiced in 

daily life (Schaic  ̂1989). Some researchers (e.g. Horn, 1982) have suggested that 

'crystallized' abilities Oeamed through acculturation) are less susceptible to age-related 

decline than fluid' abilities (abstract problem solving abilities), although others would 

suggest that this is not necessarily the case (e.g. Denney, 1982). 

The greater inter-individual variability on many cognitive tasks found in older age 
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groups (Hoyer, 1985) has led to much controvert as to the patterns of inter-individual 

rates of decline (e.g. Labouv^e-^^eC 198S). Very few individuals show global decline 

across aU areas in normal agin  ̂and even by about 80 years of age no individuals showed 

universal decline according to the Seattle Longitudinal Study (SLS, Schaie, 1990). The 

question of the age at which any decline begins has received various estimates. Schaie 

(1990) suggests that average decline may begin as eariy as the mid-fifties for some, but 

that it is not of significant magnitude until the seventies. There are a diversity of views on 

the relationship between age and onset of both physiological and cognitive decline (see 

Salthouse, 1991 for review). 

Rather than emphasizing inevitable cognitive decline with age, more contemporary 

views focus on the diversity of aging-cognition relations, and the plasticity in abilities of 

the elderiy (La Rue, 1992). Thus, researchers have attempted to explain these individual 

differences in rates of aging and of decline by examining variables such as personality 

traits, (e.g. Arbuckle et al., 1986), occupation and education (e.g., Gribbon, Schaie, & 

Parham, 1980), lifestyle — including social, physical, and mental activities, environmental 

and contextual effects (e.g., Denn ,̂ 1984), cohort effects (Schaie, 1990) and health 

status (e.g., Hertzog, Schaie, & Gribbon, 1978). All of the individual differences listed 

above would afifect the experiences and activities in which one engaged, both in everyday 

life and across the age span. It has been hypothesized that these different experiences and 

activities can lead to maintenance or decline of different cognitive abilities. Chamess 

(1989) characterizes the nature of age-related decline as falling into two classes; a) 



involving luurdware', in which the cognitive constraints are due to "invariant aspects of a 

person's cognitive archttecture", or b) involving 'software', which reflects differences due 

to the particular set of circumstances that one has experienced over a lifetime. The 

'software' explanation is the cornerstone for the theory of disuse. 

Disuse Hypothesis 

The theory of disuse has been around for many years an dates back to the first 

studies of age and cognition (e.g. Foster & Taylor, 1920). The disuse perspective 

attempts to account for the interindividual changes in cognitive functioning with aging in 

terms of the nature of activities and lifestyles that differ across people, and across age 

groups. Tiie changes in both the frequencies and the patterns of daily activities that occur 

with age may contribute to some of the differences in cognitive fimctions (Salthouse, 

1991). This perspective has been of continuing interest because it implies that at least 

some age differences in cognitive functioning could be prevented or ameliorated. There 

are various ways to test this idea. First, disuse can be examined by looking at how activity 

levels differ between age groups, and whether these differences are related to cognitive 

functioning. Second, different levels of natural experience and mpertise that could 

contribute to cognitive performance in older adults can be examined. And third, 

experiences could be manipulated with various training procedures to examine the effects 

of training and practice on cognition. Generally, when referring to the concept of disuse, 

only activities that are directly related to the cognitive ability in question are examined. 
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The disuse concept is usually defined in terms of a decrease in mental activity, 

particulariy when examining cognitive declines. However, a fiuriy recent line of research 

has begun to look at the efifects of physical activity on cognitive performance. This 

research contributes evidence to the disuse theory of cognition. The concept of disuse is 

not meant to explain the exact mechanisms involved in ̂ e-related declines, but rather is 

used as an explanation of individual differences in patterns of decline. There are an 

abundance of theories, both phyaological and psychological, to ocplain more specifically 

the nature of age-related declines in cognitive performance. 

fleneraliy.ed Slowing Hvpothesis 

Another related and well-established theory of aging is the generalized slowing 

hypothesis. Increased slowing of performance with age is one of the most persistent 

findings in the aging literature (Salthouse, 1985). Although most commonly studied and 

reported in terms of reaction time, decreases in performance speed may be a general 

indicant of overall slowing of information processing. This slowing of information 

processing forms the basis for Salthouse's (198S) speed hypothesis or processing rate 

theory. It has been suggested that, in general, there is a "speed loss" of between 5% and 

15% per decade between those in thdr 20's and those in their 60's (Toole & Abourezk, 

1989). Salthouse (1985) proposed that, because a reduction in speed is the primary 

behavioral change that occurs with aging, speed differences may be responsible for many 

of the corresponding age-related changes in cognitive performance. 



Mai  ̂different "central phenomena" occur \^ien humans are required to respond 

quickly and accurately. These include "perceiving or receiving of external stimulus, 

encoding and recognizing input, selectively attending to a limited number of stimuli, 

searching and retrieving from long-term memory, and using a working memory system to 

integrate new and old information" (Toole & Abourezk, 1989, p. 38). Finally, an 

appropriate response must usually be selected and executed. Declines as a result of aging 

can occur at any point during this central processing. 

Limited Resources Theory 

The limited resources theory, which states that the quantity of cognitive resources 

decreases with age, is also a related view of cognitive aging. According to Salthouse 

(1985), if cognitive resources were thought of as time limited, speed of behavior could be 

affected in many tasks. Craik and Byrd (1982) attribute decreases in cognitive abilities 

with aging to a decline of mental energy. Th  ̂propose that there are physiological 

correlates of mental ener  ̂decrements just as there are of physical energy declines. Such 

a limitation of mental energy or resources would decrease capacity for attention, and 

therefore contribute to an overall decline of cognitive functioning. Salthouse (1991) 

proposes a moderate version of the processing resources perspective. He suggests that 

there may be only a few general determinants of cognitive performance. It is usually 

assumed that there are a limited number of processing resources, and these resources are 

important for the execution of many different cognitive operations. A simple 
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interpretatiofi of this hypothesis would be that the quantity of these resources declines 

with increased age (Salthouse, 1991). However, it is also possible that the number of 

resources remains constant, while increased age causes a greater demand on those 

resources. For example as some fimctions deteriorate with age, such as sensory 

processes, tasks that require these abilities become more difBcult and less automatic, and 

thus require more resources. Another possibility is that there is an impairment in the 

selectivity or e£Bciency in the use of the resources, associated with increased age 

(Salthouse, 1991). 

Both the slowing and capacity limitation explanations suggest a general decline of 

the CNS. There is some pos^ility that this decline could alternatively be due to other 

psychological fiictors such as lack of motivation, strategy shifts, lack of familiarity with 

task or decreased affect However, Salthouse (1985) cites many studies that controlled 

for these &ctors and still found age-related decline in speed. Whether or not there is a 

physiological explanation is yet to be known. 

In the recent years, researchers have examined ways of modifying age-related 

cognitive declines. A number of investigations have employed various training protocols 

in an attempt to either reverse cognitive declines, or prevent further deficits fi'om 

occurring. This research has focussed primarily on cognitive training or specific strategies 

and abilities. In addition, there is research which suggests that aerobic or pl^sical training 

may also have an impact on cognitive aging. 
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Aerobic Exeroise Studies 

From the disuse perspective, it is pos^le that physical disuse may also contribute 

to a cognitive aging decline, other directly or indirectly. Physical exercise may also 

increase motor speed, or stimulate mental energy. However, the relation between 

cognitive fimctioning and pineal exercise is still not well understood, and researchers 

have only begun to speculate about the possible mechanisms involved. 

In this literature, there have been a variety of methodologies employed, including a 

range of different measurements used for both physiological and cognitive fimctioning. 

Exercise has been defined as anything from weight lifUng to jogging, and researchers have 

examined many physiological aspects of physical fitness. The cognitive measures 

employed have included a wide range of tasks, such as simple and choice reaction time, 

working memory, fluid and crystallized intelligence, reasoning and vocabulary, although a 

majority of studies have assessed psychomotor speed as their measure of cognitive 

fimction. Although sonne investigators have not found exercise to enhance cognitive 

functioning (eg. Blumenthal, Emoiy, Madden, George, Coleman, Riddle, McKee, 

Reasoner, & Williams, 1989), many studies do indicate a positive relationship between 

exercise and cognition (e.g.. Dustman, Ruhlin  ̂Russell, Shearer, Bonekat, Shigeoka, 

Wood, & Bradford, 1984). 

One of the most promising studies was conducted by Dustman and his colleagues 

(Dustman et al.,1984). Th  ̂were able show an exercise effect on a select group of 

cognitive tests. Th  ̂randomly assigned sedentaiy 55-70 year olds them to one of three 
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groups—an aerobic exercise group (A£), an exercise control group and a non-exercise 

control group. Subjects in the aerobic group exerdsed three times a week, for 60 minute 

sessions, over a period of four months, and showed a clear cardiovascular improvement, 

indicated by a 27% increase of VO, max. V02 max is a measure of oi^gen consumption 

and an indicator of cardiovascular fitness. The exercise control group met for an equal 

number of sessions, but participated in stroigth and flexibility exercises, and were 

encouraged to keep their heart rates below a certain level. This group also showed a 

slight physiological improvement, with an increase in VO2 max of 9%. Measures of 

sensory thresholds and depression showed no improvement in any of the groups, and all 

groups improved in visual acuity. The AE group showed significant pre/post 

improvements on most of the neuropsychological tests employed — Critical Flicker Fusion 

Threshold, Digit Symbol, Dots Estimation, Simple Reaction Time and Stroop Test. Their 

improvement on Digit Span approached significance. Thus, cognitive improvements were 

seen on tests measuring visuo-motor speed, coding performance, reaction time and ability 

to shift perceptual sets. The control groups showed no improvement on any of the 

cognitive tests. 

A longer term aerobic exercise condition was incorporated in a recent study by 

Hill, Storandt, and Miall  ̂(1993). Subjects participated in exercise for 9-12 months, and 

showed an average VOj max improvement of 23% fi'om pre- to post-testing. They found 

no differences between their control group and the exercise group on the Digit Symbol 

test or a crossing off task. However, the groups differed on their Logical Memory 
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perfomiance. Interesting ,̂ this was not due to an increase in performance by the exercise 

group, but rather by a decline in the control group's performance. Thus, the exercise 

training may have acted to remediate normal age-related memory declines. However, it is 

important to also note that the decline evident in the control group is higher than would 

normally be expected over a 12 month period in elderly subjects. 

Hawkins, Kramer, and Capaldi (1992) chose to focus on divided attention tasks 

which show a robust age-related decline and would thus have more room for 

improvement. They found that subjects who participated in a 10-week exercise program 

improved their performance on both types of attentional tasks employed—a time sharing 

task and an attentional flexibility task, whereas the control group did not change. 

Another recent study also focussed on the effects of attention and concentration, 

as well as reaction time by examining mental blocks in choice reaction time. Bunce, Warr, 

and Cochrane (1993) employed a choice reaction time task in men of various fitness and 

age levels. Th  ̂found that older men were significantly slower, and showed more mental 

blocks, assessed by looking at the number of responses outside the normal range of 

reaction times. In addition, less fit older men produced a significantly greater number of 

these mental blocks. 

Other studies have also reported that cognitive functioning may be related to 

exercise, although the studies are largely correlational and contain some methodological 

problems. Clarkson-Smith and Hartley (1989) found that older women and men (between 

the ages of 55 and 91) who exercised showed better performance on certain cognitive 
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tasks. Subjects were volunteers who varied in their current levels of physical activity. The 

most active partidpants were labeled as the high-exercise group, and the least active 

participants as the low-active group. The high exercise group was superior on measures 

of heart rate and vital capacity. 

In addition, the high exercise group performed better on three tests of reasoning 

ability, two out of three working memoty tests, and three reaction time tests. The high 

exercise group was also sUghtly better on a test of vocabulary. In this study, there may 

have been some fiindamental differences between the groups, aside from their exercise 

levels. The investigators controlled for age, education, and health when initially dividing 

the groups. There is evidence, however, that elderiy people who exercise have higher 

levels of education, are more health conscious, and come from higher socio-economic 

backgrounds than non-exercising elderiy (Berger & Hecht, 1989). These differences may 

have accounted for the results. It is important to note that this study, as well as many 

others in the field, is correlational, and such studies have frequently fiiiled to take into 

account other subject characteristics that could influence outcome. 

Other correlational studies have also found significantly greater performance on a 

number of cognitive measures in more fit individuals. Abourezk (1983) showed that 

active males between the age of SO and 70 performed better on a dichotic listening task 

designed to test short-term memory efiBciency. Offenbach, Chodzko-Z^ko, & Ringel 

(1990) examined how age-related slov^g of response times is associated with 

physiological status. Subjects with higher scores on the authors' own index of 
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physiological status QPS) («^ch included various measures of pulmonary function, blood 

lipids and body weight, and blood pressure), performed more quickly and accurately on a 

choice reaction time test, than those with lower IPS scores. Shay and Roth (1992) 

provided evidence for greater visuospadal functions in more physically active and fit older 

men. However, no differences between pl^cally fit and unfit men were found on tests of 

verbal memory, attention, and »mple sensorimotor fimctions. 

Stones and Kozma (1989) showed higher performances of elderly exerdsers over 

elderly non-exerdsers on coding performance, measured by a revised Digit Symbol task. 

In an earlier study, th  ̂found improvements on digit symbol and reaction time tests 

following a six month merdse program in adults over age SO (Stacey, Kozma & Stones, 

198S). Although their results suggest a link between exerdse and psychomotor function, 

there was no control group, so a practice effect cannot be ruled out. 

More recently, some researchers have tried to analyze the processes involved in 

exerdse and cognition. Chodzko-Ziyko (1991) has suggested that certain cognitive tasks 

may be more sensitive to the effects of aerobic training than others. Li particular, he 

hypothesizes that cognitive tadcs which require effortful processing should be more 

sensitive to the effects of fitness than those that require minimal or no attention. Recently, 

Chodzko-Z^ko and colleagues (Chodzko-Z^ko, Schuler, Solomon, Heinl, and Ellis, 

1992) attempted to test this hypothesis. In a correlational study, they found that the 

relationship between physical fitness afki cognitive performance depended on the task. 

Older adults who were more physically fit performed better than the lower fit individuals 
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on four auditory free-recall lists, which were selected as representative of effortful 

processing tasks. On the tasks chosen as automatic processing measures (memory for 

frequency of occurrence and memory for location), there were no dififerences between the 

performances of fit and unfit older adults. Although this research is compelling 

particularly for its theoretical basis for test inclusion, it should be interpreted with caution 

because it is still correlational. 

Other studies have fiuled to find any effects of aerobic exercise on cognitive 

functions. Emery and Gatz (1990) found no e£fects of a 12 week exercise program on 

tests including Digit Span, Digit Symbol, and writing digits and words. However, they 

also found no significant differences on pl^ological functioning between their exercise 

and control group, so it is likely that their exercise condition was not sufQcient. Another 

study found no improvement in memory (measured by the Rey Auditory Verbal Learning 

Test) after subjects participated in an aerobic ex^se program for 14 weeks (Perri and 

Templer, 1985). 

One of the most comprehensive studies was conducted by Blumenthal et al. (1989) 

to ocamine numerous physiological and psychological effects of exerdse. Subjects 

included 100 adults ranging in age from 60 to 83 years old. In addition to an aerobic 

exercise group there was a Yoga and Flexibility control group as well as a normal control 

group. Numerous physiological measures were assessed and the psychological measures 

included both subjective and objective measurements of anxiety, depression and overall 

mood. Cognitive function was assessed across several areas including memory and 



psychomotor function. A Perceived Change Questionnaire was also administered 

following treatment to assess subjects perceptions of changes in mood, personality, 

physical and social functioning. 

In this study, subjects were randondy assigned to an aerobic exercise (A£) group, 

a yoga and flexibility (YO) group or a waiting Ust (WL) control group. The AE group 

met three times a week for 60 minutes, over 16 weeks, and participated in various aerobic 

activities (maintaining 70% maximum heart rate reserve for at least 30 minutes). The YO 

group participated in 60 minutes of yoga exercises, twice a week for 16 weeks. The WL 

control group did not receive any form of treatment during the 16 weeks. 

The AE group showed clear physiological improvements with an overall II.6% 

improvement in VOj max and a 13% increase in anaerobic threshold; the other two groups 

did not change. However, there were no differences in any of the measured cognitive 

abilities. The authors indicated that all subjects were highly motivated to participate, had a 

higher than avo^e education and a generally high level of functioning on the 

neuropsychological tests. Thus, such high initial levels of performance may have made it 

difBcult to find significant improvements. 

However, there were some findings on other psychological variables. The men in 

the aerobic exercise condition experienced reduced depression scores and tended to have 

lower trait anxiety scores, and women in this condition tended to have lower state anxiety 

scores. In addition, subjects in both the aerobic exercise and yoga groups perceived 

themselves as changing in a number of other ways, as assessed by the Perceived Change 
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Questionnaire. These subjects ̂  that after participating in the exerdse programs, th  ̂

were in better health, they looked better and th  ̂had more energy, endurance, and 

flexibility. They also reported that th  ̂were better able to sleep, had improved fiunily 

relations, better sex life, less loneliness and a better social life, bi addition th  ̂reported 

improved memory, concentration, and mood, and more self«onfidence and life 

satisfaction. Although some of these changes may be due to demand characteristics of the 

study, the subjective opinions may be more sensitive to change than the psychometric 

measurements. One could argue that the improved subjective feelings of the subjects, 

which provide a measure of psychological well-bein  ̂are at least as important as objective 

ones. The effects of physical exercise on mood is another important &ctor to consider. 

This issue will be discussed in another section. 

Finally, Clarkson-Smith and HiEirti  ̂(1990) examined the affects of exercise on 

cognitive function through a structural equations model. Their model took into account 

the indirect effects of age, education, health, and well-being on cognitive performance, 

through exercise. Th  ̂also included direct causal pathways from age to each other 

performance variable, and from education directly to cognitive performance. Th  ̂found 

that age and exercise affected each performance variable (reaction time, working memory 

and reasoning) directly. The amount of exerdse that the older men participated in was a 

negative fimction of age and a positive function of health. The only effect of health on the 

cognitive performance variables was mediated through its effect on exercise. There was 

an effect of exercise that was independent of the effect of health. 



23 

Possible Mechanisms Involved 

The specific mechanisms by i^Mch aerobic exercise may exert a beneficial effect on 

cognition are still in question. A number of l^potheses have been suggested. One of the 

most ̂ pealing possibilities is that aerobic exercise increases cognitive performance by 

enhancing cerd)rovascular sufiBciency (e.g., Hawidns et al., 1992, Shay & Roth, 1992). 

The general idea is that cortical blood flow and supply of oxygen to the brain are 

more efifective in younger and fitter individuals (e.g. Spirduso, 1980). Since there is a 

well-documented global decline in cardiovascular function (Blumenthal et al., 1989) and 

decrease in the ability of the body to transport oxygen (Bortz, 1982) with increasing age, 

it is possible that this is reflected in decreased cerebral blood flow, or at least in the 

amount of o?^gen being supplied to the brain (Perri and Templer, 1985). This decrease of 

oxygen to the brain could have a negative impact on various cognitive fimctions. Thus, by 

increasing aerobic fitness through exercise, one can increase the body's ability to transport 

oxygen (measured by VO2 max), which may then have an impact on cognitive 

performance. 

Variations of this idea and other physiological ecplanations have been proposed, 

such as an increase in the production of neurotransmitters (e.g.Shay & Roth, 1992), 

elevations in cerebral metabolism (Chodzko-Ziyko, 1991), and increased nutrient supply 

to the brain (Chodzko-Z^ko, 1991). However, none of the physiological explanations 

have been adequately tested experimentally. 

Other non-physiological mechanisms have been proposed. Certain types of 



physical activity may also require cognitive functions such as learning memory, and 

attention. Researchers have yet to examine the various cognitive requirements in different 

forms of physical activity, and the relations to improved overall cognitive fimctioning. 

Some researchers (%wkins et al., 1992) have suggested that the increased social contact 

among participants that often does not occur ui the control groups may mediate the 

cognitive changes, possibly through different motivational levels. However, this is 

unlikely to be the case because there are usually a number of measures in which 

improvements do not differ between the groups. Some studies have attempted to control 

for this by also including other activity control groups (e.g.. Dustman et al., 1984), and 

have still found significant effects of aerobic exercise on cognition. In addition, it is 

possible that the increases in cognitive performance following aerobic exercise are a result 

of the increases in mood and psychological well-being that often accompany exercise. 

Few studies have included measures of psychological fimctions such well-being or mood 

in studies of cognitive processes and exercise. Those that have included such measures 

often report at least subjective increases in the subjects' overall feelings of well-being. 

Cognitive Training Studies 

Cognitive training effects are often taken as evidence for the disuse theory. If 

training can improve performance up to the level of young subjects, then perhaps the poor 

performance of old people is simply the result of being "out of practice." 

Denney (1982,1984) examined the disuse theory and training from a perspective 



that differentiates between exercised and non-exercised abilities. She proposes that 

"unexercised* abilities are what the normal, healthy person would be able to do if he or she 

were not given any training. These abilities are a fiinction of both normal biological 

potential and normal environmental experience. Optimally »ercised abilities, on the other 

hand, reflect the 'maximum biological potential' under conditions of optimal exercise or 

training. Both of these classes of abilities would be expected to increase up to early 

adulthood and show decline afterwards. Both classes of abilities would also decline with 

age below those of the average 20 year old, but exercised abilities would not show as 

great a decline. 

Denn  ̂(1982) suggests that cognitive tasks such as the subtests of the WAIS are 

not exercised very much during the adult years, and as a result the performance on these 

tasks would decrease as any unexercised ability would. She fiirther explains that, in 

general, verbal abilities are exercised fiirly late into adulthood, and therefore are more 

resistant to decline. Since older adults exercise these abilities, they do not decline until the 

age "at which the optimally exercised ability level drops below the level at which the 

person has been functioning" (Denn ,̂ 1982, p.820). 

All abilities are equally responsive to the influence of both biological and 

environmental fiictors according to Denn  ̂(1982,1984). However, different abilities will 

be affected differentially due to experience or practice across tasks. Thus, abilities that 

have not been exercised will be more closely related to the biological development curve. 

Denney also suggests that those abilities that are most fi'equently exercised will in fact be 
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less responsive to training since there is less room for improvement ance th  ̂would 

already be closer to their maximum levd. 

Training studies have tried to focus on those skills that show earlier decline 

(Cunningham, 1987) such as abstract problem solving (Denney, 1982), fluid intelligence 

(Willis, Blieszner & Baltes, 1981), formal operations, perceptual speed and associative 

memory and memory span (Poon, 198S). The few studies that examined training effects 

across age groups seem to indicate that elderly individuals may not be as responsive as 

young and middle-aged adults to training, but show that cognitive performance can 

nonetheless be improved in all age groups. 

Chamess and Campbell (1988) found that training and practice on a mental 

arithmetic algorithm decreased both calculation and woridng-memoty errors across young, 

middle, and old age groups. Training also increased subject's speed in solving these 

compl&c mental arithmetic problems. However, the instruction was more effective in 

reducing errors in calculation than in working memory for the older subjects; and in faa 

brought these old subjects up to the level of the young subjects. 

Many researchers have examined the effects of training on fluid intelligence 

abilities. Denney and Heidrich (1990), using a test of thought to measure fluid intelligence 

(Raven's Progressive Matrices), showed that youn  ̂middle-aged, and elderiy adults could 

improve their performance on this task after a single training session. The training 

involved different subsets of the matrix. The «q>erinienter solved the first three problems, 

while verbalizing her strategy. The subject then solved the next three problems using the 
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same strategy. A control group solved the same sbc problems without having any training. 

There were differences in performance across ages, and a main effect for treatment 

condition. However, there was no interaction between age and treatment condition, 

indicating that training was beneficial for all three groups. These results were obviously 

task-specific and there is no indication of how long the effects lasted. Since the training 

was so brieC it is pos^le that the effects also lasted only a short time. 

Other researchers have indicated that older adults (age 60 to 80 years) can 

significantly raise their level of performance on tests of fluid intelligence (e.g. Willis, 

Blieszner, & Baltes, 1981). Baltes, Ditman-Kohli and Kliegl (1986) trained elderly 

subjects on two sub-abilities of fluid intelligence; figure relations and induction. The 

training programs (five sessions of one hour each), taught subjects to identify rules and 

concepts and to use them to solve problems »milar to the test items. Modeling, feedback 

and discussion were used to help subjects. In order to examine some transfer effects, 

different tests of fluid intelligence were used following training. These tests ranged fi'om 

near to &r transfer, and showed some significant training effects. Subjects were able to 

solve more difiBcult items with increased accuracy at all levels of di£Bculty, following 

training. However, in this study there was no training effect on the Raven Advanced 

Progressive Matrices, which is also a measure of fluid intelligence. The authors concluded 

that the transfer pattern is indicative of fiurly narrow limits of transfer. The authors 

caution that the training was restricted to those abilities that were a part of training. It is 

important to note that these training programs do not raise the level of intelligence as a 



28 

whole, and most of the elde  ̂aduhs in used in these samples are generally healthy. These 

effects have not been shown to work in dementing or diseased elderly. 

The relation between mental status O^^-Mental State Exam, MMSE) and 

response to a memory training program was examined by ISll, Yesavage, Sheikh, and 

Friedman (1989). The higher the MMSE scores, the greater the improvement in name-

face recall performance that was found, following training on the Method of Loci. 

Subjects with low MMSE scores did not benefit fi'om the training. Therefore, it may be 

necessary to measure the extent of cognitive deficits, and modify the training programs 

appropriately. Training techniques may only prove successful in healthy, non-demented 

elderly populations. It is important to also be aware of the contributions that motivation 

and social support may make to these training effects (e.g., Horn & Donaldson, 1976). 

A more recent study by Dustman and colleagues (Dustman, Emmerson, Steinhaus, 

Shearer, and Dustman, 1992) examined the efifects of videogame playing (as a form of 

sensory-perceptual stimulation) on measures of neuropsychological performance. 

Following an 11-week videogame playing program, they found improvements only on 

complex reaction time measures (Stembetg procedure) in this group as compared to a 

movie watching group and a control group. No changes occurred on various cognitive 

measures including the Symbol Digit Modalities Test, Trails B, Stroop Color Test, Finger 

Tapping, Benton Visual Retention test, and Multiple Measures Memory Test immediate 

verbal memory). In addition, there were no changes on the Profile of Mood States 

(POMS) following participation. 
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Various studies have found improved memory performances in the elderly 

following training (e.g., see Yesavage & Sheikh, 1989, for review). Gratzinger, Sheikh, 

Friedman, and Yesavage (1990) trained older people a mnemonic strategy using imagery 

to help to remember fiues and names. Their subjects were able to use this strategy to 

form associations between names and feces, and improve their name recall. Kliegl, Smith, 

and Baltes (1990) were also able to show improved serial recall by teaching the Method of 

Loci technique to both young and elderly subjects. However, under highly speeded 

conditions of recall, the elderly subjects showed less training gain. Long-term 

maintenance of memory training was reported by Neely and Backman (1991). They found 

that teaching older subjects encoding operations improved performance on a test of 

episodic recall, and that this effect was maintained over a three follow up period. 

The most compelling studies have involved longitudinal samples. A 

comprehensive study examining training effects was done by Schaie and Willis (1986) 

involving reasoning ability and spatial orientation. They used subjects from the Seattle 

Longitudinal Study (SLS) who had been tested 14 years prior to their training. Significant 

training effects for both reasoning and space abilities were found in their subjects. These 

effects did not appear to be restricted to performance on one specific test but at the level 

of the primary ability. Due to the longitudinal data, th  ̂were also able to show that both 

the subjects who had declined significantly over the previous 14 years on these tasks as 

well as those who remained stable improved their performances on these tasks. The 

decliners did improve significantly more than the stable subjects on the spatial test. 
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Schaie and Willis (1986) concluded that observed cognitive decline is rever^le, may be 

attributable to disuse and can be subjected to manipulations through relatively simple 

training techniques. The long-term effects of training fluid abilities in the elderly were 

examined in a study by Willis and Nesselroade (1990). Subjects received five training 

sessions on a figural relations ability during each of three stucfy phases, in 1979,1981, and 

1986. They found that subjects ^owed the greatest pre-posttest training improvement in 

the first training phase. Th  ̂also demonstrated significant training gains in the second 

and third phases. However, the training group reached its highest performance level after 

the second phase of training, because subjects had maintained much of their training gain 

firom the first phase one year earlier. 

Implications of Training Studies 

There are many reasons to believe that training the elderly can help answer 

questions regarding cognitive a^g from both a clinical and research point of view 

(Salthouse, 1991). First, it can aid the researcher in knowing whether performance on the 

tests is actually reflecting the person's 'optimal' performance. If certain abilities are 

improving after training, then it is not clear that what is being measured when adults are 

tested is the same across all adults. It could simply be a measurement of latest practice or 

experience the person has had with the ability in question. Second, training studies are 

usefiil in determining what abilities can be improved, and how these abilities differ across 

individuals. This may help to answer questions as to the mechanisms involved in the 
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decline. Third, measures of improvement foHowing training could also be indicative of 

severity of decUne or neuropsychological damage. And finally, the ability of elderly people 

to learn or not leam is an interesting cognitive phenomena in itself The changes in 

cognitive abilities involved in the learning process with age is important to consider. 

The literature on training reveals that older adults' cognitive performance shows 

plasticity. However, age differences are generally not eliminated through such training. 

Younger adults, in are likely to benefit more from training than are older adults. 

Most of the training studies have focussed on training very specific tasks, and the effects 

generally do not transfer beyond that task. 

Researchers have interpreted their training findings in different ways. Li some 

studies training effects occurred veiy quickly (e.g. Denney & Heidrich, 1990), which th  ̂

have interpreted as being indicative that the elderly are ready and competent to use other 

strategies, but that th  ̂prefer their natural strategies, until trained otherwise. 

Chamess (1989) claims that the best index of an age effect is how much practice is 

necessary to bring an older adult to the same or better performance level of a younger 

adult. He, in fiict, shows equations that will determine how much greater practice is 

needed for the older adults to reach the same level as the younger adults. For example, he 

estimates that in his mental calculation training study (Chamess & Campbell, 1988) the 

older subjects would need a little more than three minutes of practice per year of age 

difference between themselves and their younger counterparts, in order to equal the 

performance of the young subjects. "Put more crudely, by giving up one night of 



television watching and practicing a typical laboratory task, an older adult will perform as 

well as an unpracticed young adult" (Chamess, 1989, p. 452). 

Salthouse (1991) states that the disuse perspective should predict that older adults 

would have a greater magnitude of improvement over younger adults. He states that only 

those whose abilities have declined from disuse would be expected to benefit from 

remediation, whereas everyone might benefit from opportunities to acquire new skills. If 

young adults can be assumed not to have declined, then comparing young and old subjects 

provides a good basis for evaluating the extent to which training of older adults can be 

attributed to remediation of disuse. However, a note of caution in the training studies is 

that the elderly may &il to show greater training effects than young people because of 

inferior learning abilities, or due to the difiBculty of reversing effects of prolonged disuse 

(Salthouse, 1991). 

Other Moderating InHivirfin^l njfference Variables 

Mood and Feelings of Weil-Being. Very few studies examining the cognitive 

effects of activity level (either physical or mental) also included a measure of mood or 

well-being. It has hem suggested that decreased affect or depression can contribute to 

impaired cognitive fiinction in the elderly Qwihlstrom, 1990). Depression can lead to loss 

of motivation, which can lead reductions in performance on memory and learning tasks. 

Many of the studies that examined cognitive efifects of activity did not include 

measurements of mood or well-being (e.g. Offenbach et al.,1990; Clarkson-Smith & 
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Hartley, 1989; Thompson et al.,1988; Dustman et al., 1984). Since phyncal exercise has 

been shown to alleviate mood (Cramer, Nieman, & Lee, 1991), and increases in mood can 

enhance cognitive fiinctioning ̂ ihlstrom, 1990), mood may be a moderator variable 

between activity and increased cognitive fiinctioning. Stacey et al. (1985) reported 

with subjects older than 50 years, that "new" members to an exercise program (just 

beginning to exercise) significantly increased their levels of happiness (measured by the 

Memorial University ofNewfi)undland Scale of Happiness) up to that of "old" members 

levels (those who had been exercising for at least one year). Th  ̂also found 

improvements on digit symbol and reaction time, as mentioned earlier. Unfortunately 

neither the "new" or the "old" exercisers were compared to non-exercisers on this scale. 

Although, happiness increased as a fiinction of the exercise program, it is not known 

whether these levels rose to above normal levels, or wh^er the previously non-exercisers 

were unh^py before th  ̂started. 

Blumenthal et al. (1989) found no significant changes on objective measures of 

psychological well-bdng, including measures of anxiety, depression, global positive and 

negative mood states, self-esteem, and life satisfiu:tion, nor were they able to document 

any cognitive changes. As stated earlier, th  ̂did report improvements on subjective 

reports. MoUoy et al., (1988) were unable to show any mood change effects of chronic 

exercise, although they did show some improved cognitive fiinctioning. 

A number of correlational studies suggest the possible benefits of exercise on 

mood in the elderly. Aenchbacher, Dishman, and Tieman (1991) found a significant 
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relationship between inactivity and depression in a group of eldeity women. 

Health Status. Health status is a variable that usually declines with age, and it is 

difficult to equate young and old samples on health variables such as presence of chronic 

diseases, vision and hearing impairments, and prescription drug use. All of these have 

been shown to be related to cognitive function (Siegler & Costa, 1985). Perimutter and 

Nyquist (1990) found that adding measures of pl^sical health to explain the variance in 

memory performance produced a nonsignificant increase to 7% of the variance ecplained 

for young subjects, but produced an »gnificant increase to ̂ 27% for the older group. 

Health has also been found to be positively related to better performance on other 

cognitive tasks (e.g. Hertzo  ̂Schaie, & Gribbon, 1978). However, Salthouse (1991) 

concluded that research seems to indicate that the declines associated with old age are not 

generally mediated by declines in health status (Salthous  ̂1991). 

Education. Education is an important individual difference variable because it is 

a &ctor that can (Ustinguish individuals as wdl as cohorts. Formal education is known to 

have increased over the past century in both quantity and quality, and more highly 

educated individuals generally show superior performance on cognitive tasks than less 

educated individuals. Life styles that include continuing formal and informal education, 

tend to be related to the maintenance of high levels of intellectual function (Gribbin, 

Schaie, & Parham, 1980). Parks, Mitchell, and Perimutter (1986) suggest that being a 
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Student allows one to use and practice cognitive skills that would optimize perfomiance on 

experimental cognitive tasks. Student status is also often confounded with age efifects, 

since the young controls are often college-aged students, whereas the older adults are 

almost never enrolled in school (Ratner, Schell, Crimmins, Mittleman, & Baldinelli, 1987). 

The expectation is that age di£^ences should be smaller or eliminated when age and 

student status are both accounted for by using subjects in which both age groups are either 

students or non-students. Zivian and Daijec, (1983) found that middle-aged women 

attending universtty classes could remember more words, cluster more, and perceive and 

use strategies more than middle-aged women who were not in school. 

Many studies examining age related cognitive declines have controlled for 

educational level and often still found some performance differences between young and 

old subjects (e.g. Perlmutter 1978). Nevertheless, it may be the daily cognitive activities 

associated with school-related activities that would optimize «q)erimental cognitive tasks. 

Therefore, the important measure to control may be current participation in educational 

activity, or number of years since concluding schooling. 

In another study, education together with gendo* was found to account for less 

than 1% of the variance in memory performance of young subjects (age 20 to SO), 

however education explained a statistically significant 12% of the variance in memory 

performance of subjects over 60 years old (Perimutter & Nyquist, 1990). Perhaps 

education aids in later life to be able to compensate for cognitive losses. 

Although a relationship is often found between education level and cognitive 
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functioning it is not clear whether this relationship is reciprocal or causal. It could quite 

likely be that people who chose to go back to school may do so because th  ̂have 

maintained their ability levels. Or, perii^s due to the sometimes rigorous admission 

requirements, those who continue their education are already superior in some abilities. 

Finally, it could be that various educational experiences help maintain stable levels of 

intellectual fimctioning. 

Socioeconomic status (related education and occupation,) has also been found to 

correlate positively with better performance on various cognitive measures (e.g. Gribbon, 

Schaie, & Parham, 1980). 

Expertise. Natural experience and expertise can be examined as a separate issue 

firom education and practice. Usually expert skills result from hobbies or occupations 

(Chamess, 1989). Experience in a particular domain of cognitiveiy denumding activity 

may be related to maintenance of cognitive performance, at least on activities related to 

that domain of activity (Hultsch & Dixon, 1990). 

One compelling argument for the maintenance of these expert skills in older people 

is that the older expert can compensate for general changes in processing speed and 

working memory capacity to maintain performance (Chamess, 1989). However, what the 

compensatory mechanisms are is not wdl documented. Chess has been one cognitive 

activity that has been examined in depth, since many older people maintain this skiU. 

Chamess (1989) notes that chess involves being able to think ahead and to keep track of 
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the positions of the chess pieces (working memory). Chamess (1989) finind that older 

players were worse at recalling incidentally learned chess positions and recalled less chess 

pieces in a brief exposure task. Howevo; the older subjects were no worse than equally 

skilled young players in choomg the best move from four chess positions, although th  ̂

differed in the way that th  ̂searched for the next move. The older subjects searched less 

extensively (fewer total moves examined), but equally deeply (looked as far ahead) as the 

youn  ̂and therefore conducted their search in less time than their young counterparts. 

Chamess (1989) postulates that the older players may compensate for their decreased 

memories by developing elaborate retrieval structures that allow them to chunk sequences 

of moves more efiSciently. 

Salthouse (1984) found that older typists were performing as well as younger 

typist, even though there was a decrease in overall information processing speed. He 

found that the older typist looked firther ahead when typing and therefore was 

compensating for her slowing actual typing speed. This ability was completely domain 

specific; it did not transfer to improve her performance on the digit-symbol test. Stine, 

Wingfield, and Poon (1989) found that teaching elderly knowledge of syntax and 

semantics aUowed them to compensate for general slowing and successfully comprehend 

rapidly presented speech. 

In another instance, Chamess (1987) found no expertise efifect. He found that 

older bridge players were slower than younger ones in determining the point coum for a 

hand (a well practiced task), and they were less efiScient in solving novel problems such as 
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the Tower ofHanoi and the Twenty Questions Game than younger subjects. Chamess 

(1987) explained these results as indicating that the compensatory mechanisms available to 

older adults may not be obtainable in these highly speeded situations. 

Salthouse and his colleagues have a number of studies which contradict the disuse 

hypothesis. Salthouse, Babcock, Skovronek, Nfitchell, and Palmon (1990) examined 

spatial visualization abilities in architects ranging in age from 21 to 71 years. Although all 

of the architects had ectensive and contimiing use and practice of these spatial abilities, 

there were significant age-related declines on tests of spatial visualization. Salthouse and 

Mitchell (1990) measured spatial visualization, inductive reasoning and perceptual speed 

abilities in subjects of varying backgrounds of expmence with these abilities. They found 

age-related differences on spatial visualization tasks that appeared to be relatively 

independent of the amount of previous relevant experience. However, experiential &ctors 

were responsible for about 1S% of the total age-related variance on the spatial measures. 

Perceptual speed contributed more substantially to the age-related deficits on both the 

spatial visualization and the inductive reasoning tasks. 

Expert cognition in adulthood tends to be knowledge domain-specific (Hoyer, 

1985) and consists of rule-based heuristics. Expert older adults will perfijrm better than 

other elderly or young subjects in their area of expertise. However, when they are 

matched with young subjects with amilar expertise levels, the age differences i^ain &vor 

the young. Older adults who are highly skilled continue to function as experts in their 

mastered knowledge domains, but they are less likely than younger adults to develop new 
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domains of expertise (Eloyer, 1985). It does not appear that expertise in an area is 

enough to prevent age-associated declines in relevant abilities, but the process may be 

slowed or disrupted. Perhiqis disuse or inexperience does prevents an elderiy person from 

developing compensatory techniques that would be able to counteract ensuing declines. 

General Activity Levels. Another way to examine the effects of different activity 

levels and amounts of disuse is to look at people's everyday activities currently and in the 

past. It is difiBcult to obtain accurate measures of everyday activities, certainly 

retrospectively over the years, and there are few well-studied reliable methods available 

for this. An examination of older adults who are institutionalized, or less capable of 

engaging in activity could contribute to theories of disues. Surprisingly, few researchers 

have explored cognitive fimctioning in institutionalized elderly. One potential problem 

with examining age related declines in this population is the intrusion of other variables 

including health and mental status, which are known to affect cognitive functioning (e.g., 

Perlmutter & Nyquist, 1990). An initial study by Winocur and Moscovitch (see )^ocur, 

Moscovitch, & Freedman, 1987) found that institutionalized old people performed 

consistently worse than non-institutionalized elderiy on various neurop^chological 

cognitive tests. In the follow-up study Winocour et al. (1987) examined various 

psychosocial variables, personal control, activity level and stress, and their relation to 

cognitive performance. Feelings of personal control and activity were positively 

correlated with cognitive performance. In particular, changes in locus of control and 
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activity level over a ten month interval were correlated with cognitive changes over the 

same time period. It is not possible to determine the causal rekrtionship between these 

three variables. 

Craik, Byrd, and Swanson (1987) included levels of daify activity to examine 

patterns of memory loss in three elderiy samples differing on levels of verbal intelligence, 

socioeconomic status and activity levels. Performance on various measures of cognitive 

performance was dependant on activity levels. The more active older group performed as 

well on most cognitive measures. 

Cockbum and Smith (1991) examined everyday memory, crystallized and fluid 

intelligence as functions of everyday activities and health status. They measured activity 

level by the Frenchay Activities Index which is a self-report measure of participation in 

various social, domestic and leisure activities over the previous 6 months. The activity 

index made significant contributions to some memory items even when age and fluid 

intelligence had been taken into account These items included name recall, &ce 

recognition, route learning and orientation. "Pure age effects' on items involving 

prospective memory, prose recall and memory for a surnames were significantly accounted 

for by age, above any of the other variables. It is interesting that the items predicted by 

activity scores were different firom those predicted by age, with the exception of memory 

for surnames. The items that were affected by activity also appeared to be those that 

would normally be practiced in everyday life. 

One longitudinal study (Morgan, 1985, cited in Brown, 1992) examined coUege 



athletes and non-athletes 20 years afto* graduating from collie. Th  ̂found that there 

were no differences in their current physical activity level, and correspondingly no 

differences in "quality of life" and mood state. This suggests that it is the current state of 

fitness that is important, and unlike education, the level of athletic or fitness ability 

achieved in the past cannot mediate current cognitive fimctions. 

Demographics. A model was proposed by Aibuckle et al. (1992) to explain the 

relations of contextual variables, age, and intelligence to memory performance in a 

comprehensive semi-longitudinal stuffy. Demographic &ctors included economic, 

educational, occupational, and fiunify histories. Present life situations, health fiictors, 

personality, well being, locus of control, life stress, and social support were assessed by 

various measures. Habitual level of intellectual activities was assessed in terms of social, 

recreational, physical, &mily, intdlectual, occupational, and community acti^ties, and the 

amount of intellectual effort require by each activity (see Arbuckle et al., 1986). This is 

one of the few studies that also measure feelings of well-being. Social measures of life 

stress and social support were also assessed. Cognitive measures included intelligence 

tests (Canadian Army M Test) assessing both verbal and non-verbal abilities. The subjects 

had first been administered this test 39 to 45 years earlier when entering the army. The 

memory tests included free recall, cued recall, recognition memory, and forward digit 

span, and current intelligence was the only variable that directly contributed to memory 

performance on all four tasks. However, factors that predicted current intelligence in this 
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Study could be contributing to memory performance indirectly. These fiictors included 

health, education, introversion, imdlectual activity and satis&ction with social support. 

Summanr and Present Study 

To date, most of the studies r^arding the effects of aerobic exercise on cognitive 

aging have been suggestive, but largely correlational. In the studies that were 

methodologically sound, findings have varied. Generally, the most consistent cognitive 

improvements following exercise programs have been found on measures of processing 

speed or response time, including those fi'om simple (Dustman et al., 1984, Stones & 

Kozma, 1989, Claricson-Smith & Hartl ,̂ 1989) and choice reaction time tests (Offenbach 

et al., 1990), tests of woridng memoiy (Claricson-Smith & Hartl ,̂ 1989) and the Digit 

Symbol Test (Dustman et al., 1984, Stones & Kozma, 1989). 

The studies of cognitive training have focussed primarily on teaching subjects 

specific strategies, which in turn improves performance on only those strategies. No 

studies to date have compared the improvements found on various cognitive fimctions in a 

cognitive training paradigm to those fi)und as a result of the aerobic training. 

The present study attempts to expand and add to previous findings in the following 

ways. First, exerdse is incorporated as an intervention and effects of exercise are 

measured physiologically to ensure sufiBcient cardiovascular improvement. Second, the 

neuropsychological tests employed sample a broad range of fimctions, categorized into 

specific domains. Special consideration was given to include measures that are sensitive 
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to age-rdated decline. Third, the aerobic exercise employed was deagned to be more 

stimulating mentally than that used in previous research. Thus, instead of people walking, 

jogging, or cycling, they participated in an aerobics class that required them to coordinate 

movements to music and to learn and remember sequences and combinations of steps. 

Fourth, this study employed two comparison groups—a cognitive activity group and a 

control group, which allowed a direct comparison between cognitive training and physical 

training, as well as between those groups and a control group. 

Hypotheses: 

1) There will be an overall pre> post-test difference between the groups on the cognitive 

tests, with the cognitive and aerobic groups showing greater improvements in general than 

the control group. 

2) The aerobic exercise group will show significant improvements on the physiological 

measure of sub-max V02 indicating an improvement in aerobic capacity. 

3) The subjects in the cognitive and aerobic groups will show some improvements on the 

scales of mood and well-bein  ̂but the improvements will be greatest in the aerobic 

exercise group. 

4) The cognitive exercise group will show the greatest improvements on those skills that 

were specifically trained. Training is not expected to generalize to untrained tasks 

requiring the same general ability—although this may differ across domains. 
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METHOD 

Participants; 

A total of 54 adults over the age of 65, who were in relative  ̂good health, 

participated in the study. Thiity-six individuals (6 mal  ̂30 female), were recruited from a 

local retirement living comploc (The Cascades). An additional subset of individuals was 

recruited from a community living sample that had been involved in other aging projects at 

the University of Arizona (N=18,3 male, 15 female). All interested individuals were 

allowed to participate unless they had physical limitations that precluded their 

participation. Each person filled out an initial questionnaire indicating their current health 

status and previous medical problems. Those in the aerobic exercise condition completed 

a more extensive health screening and required the signed consent of their physician to 

participate in the study. 

Procedure 

All participants were asked to fill out an initial information protocol that included 

the following information: age, sex, education, previous occupations, current health 

problems, curroit medications, descriptions of current social, cognitive, and physical 

activities. The basic demographics of the groups are shown in Table 1. 

All individuals in the aerobic condition were given the following pl^sical 

assessment before beginning the study and following the completion of the program: 

resting heart rate, sub-max V02, and a perceived exertion scale. Blood pressure was also 

monitored. Participants were tested while walking on a treadmill. As exercise intensity 
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was increased by increa^g either the grade or speed at which participants walked, heart 

rate was measured using a chest heart rate monitor. When a pre-determined level of 

exertion was reached (based on estimated maximum heart rate), the exercise test was 

terminated and maximum VO2 was estimated based on workload achieved. VO2, which is 

a measure of oxygen consumption and therefore an indicator of cardiovascular fitness, was 

estimated based on the known linear relationship between heart rate and VOj. fo addition 

to heart rate measurement, partidpants were asked to report their perceived level of 

exertion, using the Borg Rating of Perceived Exertion scale. This scale ranges fi'om six to 

twenty with the lower numbers indicating a very, very light perceived exertion and the 

highest numbers indicating a very, very hard perceived exertion. 

In addition, the foUowing collection of cognitive tests was administered both pre-

and post-treatment The tests were selected to represent a range of cognitive domains 

(Lezak, 1983). When two forms of a test were available, one was given during the 

pre-test and the other was given during the post-test with the order of presentation 

counterbalanced across subjects. Participants were tested individually in one two-hour 

session both at the b^inning of the study and after training was complete. 

Verbal Memory 

LogiccUMetnory (WechslerMemory Scĉ -Revised; WMS-R; "̂ echsXec, 1988^; One 

story (Story A or Story B) from the Logical Memory test was given during the pre-test 

and the other during the post-test. The stories w»e presented orally, and recall was tested 

immediately and after a 30 minute delay, as per the standard instructions. This test 
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examines the subject's ability to recall a number of connected ideas presented in story 

format. Older aged individuals perferm more poo  ̂than young on the recall of these 

paragraphs. 

Ccdiforma Verbal Learmng Test (CVLT, Delis, Kramer, Kaplan, & Ober, 1987); A 

list of 16 words, four from each of frnir cathodes, was presented for S trials and 

free-recall was tested after each presentation. Tests of short and long delay free and cued 

recall tests, and recognition were also given. Both the original and an alternative form 

(Delis, McKee, Massman, Kramer, Kaplan, & Gettman, 1992) were used to provide 

different pre- and post-test lists. 

Working Memoiy/Attentioii: 

Digit Span (fVMS-R) : The test is composed of two subtests-digits forward and 

digits backwards. Digits Forward requires the subject to repeat a sequence of digits in the 

same order as read by the examiner. The number of digits in each sequence ranges from 

three to eight. Digits Backward requires the subject to repeat the numbers in reverse 

order. The length of the sequences ranges from two to seven digits. 

Visual Span (WMS-R) : This test is a visual analogue of the Digit Span task. It 

requires the subject to tap a series of dots in the same sequence that the examiner t^s 

them. Again, the number of t{^)s ranges from a sequence of three to a sequence of eight 

taps. The procedure is then repeated and people tap the sequence in reverse order. The 

number of taps in the backwards condition ranges from a sequence of two taps to seven 

taps. 
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Arithmetic (Wechsler Aduh Intelligence Scale-Revised, WAIS-R;1981^: 

The arithmetic subtest requires subjects to listen to a math word problem presented orally, 

calculate the correct response without using paper or pencil, and report the answer 

verbally. 

Verbal Fluency: 

Controlled Oral Word Association Test (COWAT, Benton & Hiamsher, 1976). 

Participants were given 60 seconds to say as many words as th  ̂could beginning with a 

specific letter. Two matched forms of this test were used, one with the letters C,F J., and 

the other with the letters W. 

Set Test/ Semantic Fluency (Isaacs & Kennie, 1973). This semantic fluency test 

requires people to name as many items as they can from a semantic category in 60 

seconds. The categories included colors and cities/towns or fruit and animals. Two 

categories were given at pre-test and two at post-test. 

Motor Speed: 

Finger Topping Test. The purpose of this test is to measure motor speed of the index 

finger on each hand. Subjects performed five trials for ten seconds each with each hand. 

The mean number of taps per 10 second interval was used as the overall score. 

Most of these tasks are not pure measures of a single cognitive ability, but rather 

appear to place greater demands on one ability than on others. Changes in task 

performance will be interpreted as indications of improvonent in at least the principle 

cognitive process involved although others may be implicated as well. 
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Other Psjrchological Measures: 

Psychologiccd Well-Beir̂ . Partidpants were ̂ ven tfie Memorial University  ̂of 

Newfoundland Scale of Happiness (MUNSH; Kozma, Stones, & McNeil, 1991). This 

scale was designed to measure both short- and long-term aspects of well-being. The scale 

consists of 10 affect or mood items (5 positive and 5 negative) and 14 experience or 

disposition items (7 positive and 7 n^ative). This scale has been normed extensively with 

older adults and has been shown to have better reliability and predictive validity than other 

well-being scales (Kozma et al., 1991). 

Depression-. The Geriatric Depression Scale (GDS, Yesavage, Brink, Rose, Lum, 

Huang, Ad ,̂ and Leirer, 1983) was used as a rough screening for depression. The scale 

was chosen because it is a straightforward and quick method of assessing depression in 

elderly populations. Higher scores on this scale indicate more symptoms of depression. 

General Mood: The brief Positive and Negative Affect Schedule (PANAS; 

Watson, Clark, & Tellegen, 1988) was used to assess overall mood. This scale has been 

shown to be reliable and valid, and can assess mood over seven different time frames. For 

the purposes of this study, participants were given the today instructions—how they feel 

"today", and the general instructions-how th  ̂feel "in general" or on the average. 

People rated how well a list of adjectives described their mood on a scale from 1 (not at 

all) to 5 (extremely). Two scores are derived from this measure-a positive and a 

negative affect score. 

Perceived Change Questionnaire. This questionnaire was designed specifically for 
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this study and asks participants whether th  ̂have noticed changes across a number of 

domains compared to four months prior (See Appendbc A). Participants were asked to 

record their responses on a five point Likert-scale indicating that they felt much better (1), 

a little better (2), the same (3), a little worse (4), or a lot worse (S) on 19 different 

variables that included a range of psychosocial and cognitive fiictors. Thus, a lower score 

indicates greater perceived change. In addition, th  ̂were asked specifically whether th  ̂

thought their participation in the program helped them in any of ten specific areas (e.g. 

memoiy skills; physical fitness, social skills etc). This question was not administered to 

the control participants. All participants were also asked to indicate anything else that had 

occurred during the past few months that may have contributed to any changes and to 

provide general conunents about the activity programs. 

Training Conditions: 

Groups. Participants were pseudo-randomly assigned to treatment groups. Because 

of the difiSculties recruiting people and the length of participation required, individuals 

who had a strong preference were allowed to participate in the group of their choice. 

Other people were randomly assigned to one of the treatment groups or the control group. 

Additional subjects were recruited from the same population at a later time to fill out the 

control group. A minimum of 15 people were assigned to each group and up to 25 per 

group were permitted. The groups included an aerobic exercise group, a cognitive activity 

group, and a control group. The aerobic group began with a total of 20 participants and 5 
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dropped out (25% attrition rate), the cognitive group began with 26 participants, of which 

7 did not comply the study (27% attrition rate), and the control group initially enrolled 

25 subjects of which 5 did not complete the study (20% attrition rate). Reasons for 

discontinuing the study included scheduling conflicts/time commitment (IF=9), health 

problems (n^3), and lack of interest (if=5). Both activity groups met for one hour, three 

days per week and lasted 16 weeks. Paitidpants were asked to attend at least two classes 

per week, preferably all three classes. 

Aerobic Exercise Group-. Individuals in this group partidpated in a low impact 

aerobic class. The classes included a warm-up and stretching segment, an aerobic portion 

(which included walking simple dance movements, leg and arm movements), and a 

cool-down and final stretching segment aU set to music. The format of the class included 

regular patterns of steps that partidpants learned, which were repeated across classes. 

Additional steps were added to the sequences r^;ulaily such that initially the chain of 

movements included just two different steps, which was gradually augmented to a series of 

six components. Although individuals could follow the instructors at all times, th  ̂were 

encouraged to try to remonber the sequence of steps on their own. The class was 

designed specifically for older individuals and they were allowed to partidpate while 

seated in a chair or while standing up. The classes were taught by trained aerobic exerdse 

professionals. All partidpants recorded their heart rate at least twice during the class as 

well as a rating of perceived exertion. 

Cognitive activity group-. The cognitive activity group engaged in a variety of 



cognitive exercises and games. At least once per week, they  ̂were involved in an exercise 

that was designed to tap a specific cognitive fimction—either verbal fluency and/or 

memory. Once per wedc, participants were divided into two groups labeled either the 

"Category Group" or the "Story/Letter Group". 

In the category group, subjects were taught baac strat^es about how to 

categorize words into semantic groups for the purposes of 1) remembering word lists or 

2) generating as many words as possible from a select category. Strategies for 

remembering word lists focussed on lists like those of the California Verbal Learning Test 

(CVLT). The training began with lists of six words from one of two categories and 

gradually advanced to lists of sixteen words across four semantic categories. Participants 

were taught to try to recognize the semantic categories when encoding the words and to 

group words according to these cathodes both at oicoding and at recall. All the 

examples and practice exercises were similar to those on the CVLT, but the identical lists 

were never used. The category fluency exercises entailed practice at generating words 

belonging to a specific category. Again, the exercises were similar to those tested in the 

category fluency tests, but the identical categories were not used. Participants were 

encouraged to use strategies such as visualization of places and experiences to enhance 

their performance. For example if the category was "Vegetables" they were encouraged 

to imagine themselves walking through the vegetable section of the supermarket. 

In the story/letter group, strat^es and exercises designed to focus on memory for 

stories and generating words in response to letter cues were provided. For story memory. 
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participants were encouraged to divide the story into three main components at both 

encoding and retrieval—a b^inning, a middle and an end. Th  ̂were also encouraged to 

use visualization and repetition strategies if they found them helpfiil. Practice stories 

began as three line stories and advanced to stories that were similar in length to those 

tested in the Logical Memory Story test (6-8 lines). None of the stories that were actually 

tested were taught or practiced. The letter fluency training component involved strategies 

for generating as many words as possible when provided with a letter cue. Participants 

were instructed to initially generate as nuuiy words as they could spontaneously. After 

that, th  ̂were taught to use strat^es such as thinking of a common second letter 

following the first to help them generate additional words (e.g. For the letter "s", they 

were encouraged to generate "sh" words). In addition, th  ̂were encouraged to use any 

other strategies th  ̂found helpful (e.g. visualization, looking around room, finding words 

that sounded alike). 

During the entire intervention, subjects were asked to attend tte same strategy 

group (either cat^ory or story/letter) each week. In most cases, subjects were exposed to 

only one of the two learning strategies. However, there were some subjects who switched 

groups part way through the study eitho' accidently or because of personal conflicts with 

another member of the group. In addition, attendance varied and thus some subjects had 

more or less exposure to the specific strat^es. 

Control group-. The control group consisted of individuals fi'om the same population as 

the activity groups. They were assigned to the control group pseudo randomly. Some 
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participants were initiaUy assigned to this group, some were asngned by defiuilt because 

th  ̂were unable to make the time conunitmem/schedule of the activi  ̂classes, and others 

were initially asagned to one of the activity groups but changed their minds after the 

testing phase and brfore attending any classes. The control subjects did not participate in 

any organized activity during the intervention phase. 
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RESULTS 

A number of tests were not completed by all partidpants either because they fiiiled 

to respond to questions or because an entire questionnaire was omitted inadvertently or 

due to time constraints. Thus there are different numbers of individuals contributing data 

to each measure. K'fewer than ten participants per group completed a measure, that 

measure was not included in the analysis, fo addition, normality tests were performed on 

all demographic variables and dependent variables. Since the distributions of most 

variables were found to be skewed, non-parametric statistical methods were judged to be 

appropriate and are used for all analyses. 

Descriptive statistics—means and standard deviations—for the three groups 

(aerobic, cognitive, and control) are shown in Table 1. Kruskal-WaUis tests were used for 

between group comparisons of continuous variables and Chi-square tests of homogeneity 

were used to assess between group differences in categorical variables (e.g. gender). 

There were no significant differences between groups in age, gender, education, or 

reported health status (all p values > .10). The only variable that differed across groups 

was the participants' reported activity level (Chi-Square=7.98; p=.018). An examination 

of the data indicated that participants in the cognitive group were engaging in less physical 

activity prior to the study. This difference was likely due to the &ct that random 

assignment was difScult and thus participants who were less physically active chose to 

participate in the cognitive classes. 

There were significant differences on pre-test scores across groups for a number of 



the cognitive variables. The groups dififered on Logical Memory I (Chi-square=lS.54; 

p=.001). Logical Memory n (Chi-square=9.87; p=.007), CVLT Total (Chi-square=6.83; 

p=.03), CVLT Short Delay (Chi-squareF .̂lS; p=.05), and Digits Backward (Chi-

square=6.12; p=.OS). Mann-Whitn  ̂U tests indicated that in all cases the cognitive 

group was lower than both the aerobic and control group (all ITs >40; all p's < .OS), with 

the exception of the CVLT total score in which the cognitive group was only significantly 

lower than the aerobic group (U=46.5; p=.009) and Digits Baclcward in which the 

cognitive group differed only fi'om the control group (U=86.5; p=.03). 

Pre- to Post-Test Changes within Groups. The pre- and post-test scores for the 

psychosodal and cognitive variables are reported in Tables 2, 3,4 and 5. Due to 

equipment problems, too few participants had data for the finger taping task, thus that 

variable was omitted fi-om all analyses. The Wilcoxon signed rank test was used to 

analyze the difi^ences between pre-and post-test scores within each group. Because of 

the multiple comparisons, a significance level of p<.Ol was set, with p values between .01 

and .05 considered to be borderiine significant. 

For the p^chosocial variables (^ustrated in Table 2) the aerobic group showed a 

marginally significant decrease in negative affect, as measured by the PANAS (Z=-2.43, 

p=.01S). None of the other psychosocial variables in any of the three groups changed 

significantly fi'om pre- to post-testing (all p values >.10). 



Table 1: Means and Standard Deviations for demographic variables (except for gendert for each of the three groups 

Variable 
Aerobic Group 

(n=15) 
Cognitive Group 

(n=19) 
Control Group 

(n=20) 

Age (in years) 75.93 (6.27) 80.11 (7.43) 74.40 (6.83) 

Gender (number of 
females, % of group) 

14(93,3%) 14 (73.7%) 17(85%) 

Education (in years) 13.93 (2.12) 14.68 (2.75) 14.70 (2.54) 

Health Status 
(5 point-scale self-rank)' 

3.60 (0.74) 3.32 (0.75) 3.29 (0.69) 

Physical Activity 
(minutes per week) 

96.33 (64.93) 38.68 (56.83)* 93.13 (89.25) 

• p=.018 

^ Self-report of health status compared to others of the same age on 5 point scale: l^poox; 2=below 
average; 3=average; 4=>°above average; 5=excellent 
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Table 2: Means and standard deviations of Psychosocial Variables bv Group 

Aerobic Group Cognitive Group Control Group 
Variable 

Pre Post Pre Post PES Post 
GDS  ̂ S.33 (6.08) 5.80(6.17) 7.06 (3,89) 6.50(3.76) 5.61 (5,09) 6.56 (5.45) 

MUNSH 5.07(7.43) 3.60(6.33) 4.29(4.25) 2.79 (5.37) 4.45 (6.02) 4.91 (6.17) 

PANAS (+) 38.00 (9.83) 34.71 (5.37) 31.50(8.03) 31.29(9.07) 32.36(12.81) 33,64(7.58) 

PANAS i-f 16.50(5.84) 13.07 (3.43)» 13.57 (3.77) 14.50(4.11) 15.64(6.79) 17.64(3.85) 

•p=0.015 

CDS: Geriatric Depression Scale; MUNSH; Memorial University of Newfoundland Scale of Happiness; PANAS; Positive and 
Negative Aflfect Schedule (+ positive/- negative) 

' GDS and PANAS (-): A higher score indicates greater number of depressive symptoms and negative 
affect respectively. 
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Table 3: Means and Standard Deviations of Attention Variables by Group 

Aerobic Group Cognitive Group Control Group 
Variable 

Pre Post Pre Post Pre Post 

Digit Span 
Forward 8.86(2.44) 8.36(1.60) 8.24(1.39) 8.47(1.55) 8.47(1.74) 8.29(1.61) 

Digit Span 
Backwards 6.00(2.08) 5.86(1.79) 5.59(1.80) 5.82(2.16) 7.06(1.56) 6.94(1.56) 

Visual Span 
Forwards 6.54 (1.94) 6.92(1.80) 6.77(1.30) 6.38(1.71) 7.63(1.41) 8.44(1.79) 

Visual Span 
Backwards 5.92(1.19) 5.77(1.36) 5.92(1.71) 5.15(1.71) 6.88(1.41) 6.94(1.29) 

Arithmetic 11.67(3.23) 11.50(3.45) 8.94 (2.84) 8.94 (2.95) 10,42(3.11) 10.79(2.92) 
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Table 4: Means and Standard Deviations for Memory Variables by Group 

Aerobic Group Cognitive Group Control Group 
Variable 

Logical 
Memoiy I 

Erg 

13.17(2.37) 

Post 

13.17 (2.55) 

Pre 

8.20(3.17) 

Post 

10.20 (3.41)» 

Pre 

13.40 (2.78) 

Post 

10.90 (3.06)»» 

Logical 
Memofy n 11.33(2.71) 11.50(3.21) 6.87(4.29) 8.00 (3.87) 11.75 (3.23) 9.55 (3.68)» 

CVLT 
Total 48.00(10.27) 46.79(8.92) 37.47(7.61) 40.07(10.16) 43.74 (10.42) 42.68 (12.06) 

CVLT 
Short Delay 9.00(3.06) 10.00 (2.57) 6.47(1.96) 6.73 (3.01) 8.05 (3.29) 8.37 (3.77) 

CVLT 
Long Delay 9.86(3.90) 10.36(2.73) 7.07(2.12) 7.20 (3.41) 8.44 (2.64) 9,00 (3,65) 

CVLT 
Long Cued 10.46(2.93) 11.08(2.90) 8.07 (2.52) 7.87 (3.50) 10.17 (3.00) 10,21 (3,61) 

CVLT 
Recog. Hits 14.77(1.64) 15.00(1.22) 14.00(1.13) 13.67 (2.44) 13.94(1.73) 15.05 (1.13)» 

••p<.01; •p<.05 

59 



Table 5: Means and Standard Deviations for Language Variables bv Group 

Aerobic Group Cognitive Group Control Group 
Variable 

Pre Post 

Letter Fluency 32.93(9.74) 39.93(10.72)* 

Category 
Fluency 29.93(8.79) 29.00(5.79) 

• p<.05 

Pre Post Prs faSL 

32.12(9.58) 33.53(14.28) 39.50(15.06) 38.94(10.80) 

24.64(8.99) 29.43 (9.35)<' 31.67(8.12) 28.00(5.86)* 



Table 6: Means and Standard Deviations for Physiological Variables in Aerobic Group 

Variable 

Resting Heart Rate 
(beats/minute) 

VO2 sub max 
(mL Qz/kg body weight/minute) 

Rate of Percdved Exertion 

•p=0.004 

Prs 

77.08 (7.03) 

12.23 (4.45) 

12.92(1.73) 

Post 

79.64(9.06) 

14.05 (4.45)» 

12.57(1.55) 
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All groups showed some changes in cognitive perfomumce from the pre- to the 

post-test (see Tables 3,4 and S). For the aerobic group, the main cognitive change was 

observed in Letter Fluen  ̂(see Table 5). Participants in this group showed an average 

increase in verbal fluency of 7 words from pre- to post-test. This improvement was 

borderline significant (Z=-2.3S; p=.017). There was also a significant improvement in 

VCh sub-max scores for the aerobic group (Z=-2.90; p=.004), indicating that participants 

improved their cardiovascular functioning following the aerobic ̂ ercise program (see 

Table 6). 

For the cognitive group, marginally significant post-training improvements were 

observed on Logical Memory immediate recall (Z==-2.31; p=.021) and Category Fluency 

(Z==-1.99; p=.046) (see Tables 4 and 5). 

The control group, on the other hand, showed significant declines in performance 

on both memory and fluen  ̂ tests. On the immediate recall test of Logical Memory (see 

Table 4), the decline was highly ngnificant (Z=^3.12; p=.002). There was also a 

borderline significant decline on the delayed recall measure (Z=-2.04; p=.041), and on 

Category Fluency (Z=^2.29; p=.022) (see Table 5). However, a marginally significant 

increase in performance on delayed recognition hits on the CVLT (Z=-2.S; p=.012) was 

also noted (see Table 4). 

There were no significant pre- to post-test differences on any of the attention measures 

(see Table 3). 

Between Group DifTerences: Because the groups differed on a number of 
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variables at basdin  ̂change scores between an individual's pre- and post-training 

performance on each variable weie calculated by subtracting the pre-test value from the 

post-test value. In order to reduce the number of statistical tests for the between-group 

comparisons and to lower the probability  ̂of a Type I error, individual scores on the 

cognitive tests were combined to form a composite measure of performance in each of the 

three cognitive domains: memory, attention, and verbal flueiK .̂ The memory composite 

was obtained by converting Logical Memory I, Logical Memory n, and CVLT Total 

Word Recall scores to percentages of total recall, so that each was weighted equally in the 

composite. These percentages were then combined and averaged to create an overall 

composite memory score for each subject, which represented the percentage of material 

recalled. The attention composite was obtained by summing the scores from the four span 

tasks. The verbal fluracy composite represents the sum of the letter fluency and category 

fluency scores. The mean pre- and post-test composite scores for each group are shown 

in Table 7. The change scores for the cognitive composites and the psychosocial measures 

are reported in Table 8. 

Kruskal-Wallis non-parametric tests were conducted to examine the differences 

between the groups on the change scores. For the cognitive variables, significant 

between-group differences were found on the memory composite change score 

(Chi-Square==10.47, p=.OOS) and the verbal fluency composite change score 

(Chi-Square=8.46, p=.015). For the memory composite, an examination of the data 

indicated that the cognitive group showed improvements following training, the aerobic 



Table 7: Means and Standard Deviations of Composite Scores bv Group 

Variable 
Aerobic Group Cogmtive Group Control Group 

Pre Post Prg Efisi Pre Post 

Memoiy 
Composite 53.29 (6.81) 52.68 (8.41) 35.66(11.63) 40.81(12.06) 51.63(9.67) 45.08(11.68)'>» 

Attention/Span 
Componte 27.31 (4.73) 26.77 (4.34) 26.46(4.37) 25.15(4.00) 30.00(3.76) 30.50(4.34) 

Verbal Fluency 
Compoute 62.86(17,12) 68.93(13.70) 57.21 (15.02) 66.14(21.07)* 71.17(19.48) 66.94 (14.85)» 

• p < .06; ••p< .01 (pre-post difference) 
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Table 8: Means and Standard Deviations of Change Scores 

Composite 
Change Scores 

Aerobic Group Cognitive Group Control Group 

Memory -.61 (6.67) 5.14(8.82) -6.54 (8.80)»» 

Verbal Fluency 6.07(12.63) 8.93(15.31) -4.22(11.21)* 

Attention/Span -.54 (2.76) -1.31 (4.82) .50(4.16) 

GDS. .47 (3.44) -.56(2.06) .94(2.84) 

MUNSH -1.47(5.29) -1.50(3.46) .45 (6.62) 

PANAS (+) -3.29 (9.75) -.21 (8.30) 1.27(12.91) 

PANAS(-). -3.43 (4.88) .93(5.12) 2.00(6.57) 

CHANGE Scoreb 44.09 (6.50) 43.63 (9.53) 58.18 (7.74)»» 

• p < .05; p < .01 (difference between groups) 
• A decrease in scores from pre- to post (negative score) indicates a decrease in negative/depressive endorsements. 
b A lower score indicates more fiivorable perceived changes (no change=57; scores >57 indicate n^ative change; scores <57 
indicate positive change. 
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group maintained equivalent performance from pre> to post-test, and the control group 

declined. Pair-wise comparisons using the Mann Whitn  ̂U test indicated that the 

cognitive group's change in performance was significantly greater than the control group 

(U = 43.5; p= .001). The aerobic group did not differ significantly fi-om either of the other 

two groups Q) > .07). For the fluency composite, the change scores for both the aerobic 

group and the cognitive group were significantly different from the control group (LT = 

61.5, p = .013 and U = 62.5, p=.014 respectively). The two treatment groups were not 

different from each other. 

For the psychosocial measures, there was a borderline significant difference on the 

PANAS scale between the changes in native affect from pre- to post-testing, with the 

aerobic group showing a decline in n^ative affect and both the cognitive and the control 

groups reporting an increase in negative affect (Chi-Square=7.15; p=.028). 

On the Perceived Change Questionnaire there was a significant difference between 

the groups on their perceptions of change from pre-testing to post-testing with both the 

aerobic and cognitive groups rqrarting significant changes occurring during the 

intervention time period (Chi-Square=^0.75, p<.0005). 



67 

DISCUSSION 

To date, most of the studies r^arding the eflfects of aerobic exercise and cognitive 

training on cognitive and emotional aging have been suggestive, although not convincing. 

The studies have been largely correlational and the methodologies have been flawed. In 

addition, studies of both cognitive training and aerobic training have been examined 

separately. The current study attempted to apply both aerobic exercise and cognitive 

training as interventions in order to compare their efifects on normal cognitive aging and 

psychological functioning. Participants were tested on a series of cognitive and 

psychosocial variables before and after a cognitive or aerobic exercise intervention. 

Summary of Findings as Related to Hypotheses: 

The first hypothesis was that there would be an overall difference among the 

groups on the cognitive tests following training with the cognitive and aerobic groups 

showing greater improvonents in general than the control group. These groups did in &ct 

show greater improvement on some measures of cognitive abilities. In particular, both the 

aerobic and cognitive groups showed improvements on measures of verbal fluency, and 

the cognitive group showed an increase in memory performance. The control group's 

performance, on the other hand, showed a tendency toward decline over the intervention 

period on these tasks in particular. 

The second hypothesis, that the aerobic exercise group would show a significant 

improvement in aerobic fonctioning, was also supported. This was demonstrated by 

significant improvements on their estimated sub-max VO2 score from pre- to post-testing 
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and indicated that the aerobic exercise class was successfiil in providing cardiovascular 

mercise. 

The third hypothesis was that participants in the intervention groups would show 

improvements on scales of mood and well-being, with the aerobic group evidencing the 

greatest change. The aerobic group demonstrated a decrease in negative affect (as 

measured by the PANAS) which was significantly greater than both the aerobic and 

cognitive groups. Although none of these other mood measures demonstrated 

improvements, the participants in both the aerobic exercise and the cognitive training 

interventions reported perceived improvements across many cognitive and psychosocial 

domains including an increase in physical and mental energy, better memory and 

concentration abilities, and improved sleep. 

Finally, it was hypothesized that the cognitive exercise group would show the 

greatest improvements on skills that were specifically trained, which included memory and 

verbal fluency. While this was the case, the aerobic group also showed the greatest 

positive change on the verbal fluency measures. Thus, it is possible that verbal fluency is 

the most susceptible to modification. In addition to the improvements noted in the 

intervention groups, the control group evidenced significant declines on both memory and 

verbal fluen(y measures. 

The above findings suggest that r^ular participation in either an aerobic exercise 

class or cognitive training activities may be beneficial to older adults in terms of their 

cognitive and psychosocial fimctioning after a relatively short time span (16 weeks). These 
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benefits appear to occur in a variety  ̂of domains, but in the current study were particulaiiy 

evident in memory and verbal fluency. Although the present stucfy cannot specify the 

exact mechanisms involved in the preservation or improvemrat of these fimctions, a few 

possible explanations will be considered. 

First, it is possible that both training interventions provided some type of global, 

non-specific benefit that was unrelated to type of activity per se. For example, the 

improvements may reflect the benefits of social contact and associated feelings of 

confidence and well-being. Although these participants did not report such changes on the 

specific questionnaire measures, th  ̂were reflected somewhat in the Perceived Change 

Questionnaires. In addition, simply having r^ular contact with the testers and testing 

environment may have reduced anxiety during the post-testing and thus improved 

performance. Demand characteristics may also have played a role in increasing motivation 

and efifort for the intervention groups at post-testing. 

A more interesting possibility, however, is that changes occurred in fimctions that 

are most sensitive to age-related declines. Both memory recall and verbal fluency tend to 

decline with age, and this decline was, in fiu:t, evidenced in the control group. There are a 

number of cognitive and physiological speculations as to why these particular fimctions 

decline, and thus might be more sensitive to improvements. First, both verbal fluency and 

memory recall are more eflfortfiil, rather than automatic processes (e.g. Lezak, 1996). 

Researchers have suggested that the beneficial effects of activity are most likely to occur 

on measures involving efifortfiil processing (Chodzko-2 ĵko, 1991). Second, literature 
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suggests that both verbal fluen  ̂ and memory recall performances are mediated by general 

processing rate in older adults ̂ aiszcz, Bryan, & Kent, 1997; Lezak, 1996; Sahhouse, 

1993). Thus, the improvements in these performances may reflect an overall increase in 

general processing speed as a result of participation in regular activity. Third, the 

improvements found occurred on tasks that have been suggested to depend on the frontal 

lobes, an area of the brain that shows changes with increased age (Raz, Gunning, Head, 

Dupuis, McQuain, Briggs, Loken, Thornton, & Acker, 1997; Mittenber  ̂Seidenberg, 

O'Leary, & DiGiulio, 1989). Thus, the effects of the interventions may have produced 

changes in the frontal areas of the brain directly or indirectly. 

It is possible that although the reasons for positive change in the two training 

groups may be simflar, the mechanisms undnlying improvement may be differem across 

groups. For example, the improvements seen on verbal fluency tasks in the aerobic group 

could be a function of an increase in general processing speed, as mentioned previously. 

This would be consistent with a number of previous studies that suggested speed may be 

the most consistent improvement resulting from aerobic exercise (Birren & Fisher, 1995; 

Dustman, Emmerson, Ruhlin  ̂Shearer, Stdnhaus, Johnson, Bonekat, and Shigeoka, 

1990; Dustman et al., 1984 ). Since the fluency tasks invoh^e generating words as quickly 

as possible, this task might be the most sensitive to change in overall processing speed. 

Alternatively, researchers have speculated that aerobic exercise enhances cerebrovascular 

sufSciency (e.g. Hawkins et al., 1992; Shay & Roth, 1992). Since the frontal lobes show a 

decrease in blood flow with age, the effects of aerobic exercise may be especially 
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beneficial in this area (Mittenberg e. al., 1989). bi the cognitive group, verbal fluency and 

memofy recall may be improving for strategic reasons. That is, since the individuals in this 

group were taught specific strat̂ es for memory recall and word generation (both also 

likely mediated by the firontal lobes), the improvements in this group may reflect the 

application of learned strategies to the target tasks. Thus, the improvements in both 

groups may related to improved fiontal fimctionin  ̂ as well as to the fact that this area is 

most susceptible to decline and therefore potentially able to show the most improvement. 

There were a number of difiBculties with the above study. First, it involved only 

15-20 participants per group. In addition to this small sample size, not all participants 

completed all measures, limiting the sample size even further. This decreased power may 

have reduced the number of significant findings. Second, participants were not able to be 

randomly assigned to groups and thus there was a selection bias both in terms of group 

assignment and overall participation. Di particular, the participants in the cognitive group 

tended to be those participants who were less physically active to begin with. This group 

also appeared to score lower on many of the cognitive measures at pre-test than the other 

groups. Thus, this group may have contained more individuals who had physical 

limitations and related medical conditions, although their self-reported health status scores 

did not indicate this. The cognitive group was also somewhat older, although not 

significantly so. These initial differences may have allowed the cognitive group to show 

the greatest changes. And finally, the control group consisted of participants who did not 

participate in any type of organized activity during the intervention period. Thus, the 



effects of sodal interactioii and stimulation could not be eliminated as pos l̂e 

contributors to the cognitive and aerobic benefits. 

This study serves as a pilot stuffy examining the effects of cognitive and aerobic 

intervention on cognitive and psychosocial aging. The results suggest that these activities 

can have a beneficial effect on a variety of functions in elderly adults. The participants 

showed improvements on some memory and verbal fluency measures, whereas the non-

participants evidenced declines in this area. Thus, activity interventions such as these may 

prevent age related declines fi-om occurring as well as improve performance in these areas. 

Of particular note was the positive feedback provided by the participants. They enjoyed 

the activities and they reported improvements in cognitive behaviors and psychological 

well being. Further studies are needed in order to examine the mechanisms involved in 

eliciting the cognitive and p^chosocial effects. 
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ĵ pradiz Ki 

PQST.AOTTVTTY OnESTTQMWATRE 

KAME: GROUP: Aerobic Cognitive 

In the folloving questionnaire, we would like you to compeure 
the way you felt before you participated in the activity 
program versus how you are feeling now that you have completed 
this programz 

COMPARED TO BEFORE THE STUDY ... 

1. I currently: 
a) have a lot more energy 
b) have a little more energy 
c) have the same aunount of energy 
d) have a little less energy 
e) have much less energy 

2. I currently: 
a) feel much better about myself 
b) feel a little better about myself 
c) feel the same about myself 
d) feel a little worse about myself 
e) feel much worse about myself 

3. I currently: 
a) feel much healthier physically 
b) feel a little healthier physically 
c) feel in the same physical health 
d) feel a little less healthy physically 
e) feel much less healthy physically 

4. I curren-tly: 
a) feel much healthier mentally 
b) feel a little healthier mentally 
c) feel in the same mental health 
d) feel a little less healthy mentally 
e) feel much less healthy mentally 

5. I curren'tly 
a) sleep much better 
b) sleep a little better 
c) sleep about the seune 
d) sleep a little worse 
e) sleep much worse 



Compared to before the study . 

6. I currently 

a) feel much less anxious 
b) feel a little less anxious 
c) feel the same amount of anxiety 
d) feel a little more anxious 
e) feel much more emxious 

7. I currently 

a) worry much less 
b) worry a little les^ 
c) worry about the same 
d) worry a little more 
e) worry much more 

8. I currently 

a) do much more physically 
b) do a little more physically 
c) do 2Ux>ut the same physically 
d) do a little less physically 
e) do much less physically 

9. I currently 

a) do much more socially 
b) do a little more socially 
c) do about the same socially 
d) do a little less socially 
e) do much less socially 

10. I currently 

a) do much more mentally 
b) do a little more mentally 
c) do aJ3out the seune mentally 
d) do a little less mentally 
e) do much less mentally 

11. My memory is currently 

a) much better 
b) a little better 
c) about the same 
d) a little worse 
e) much worse 



Compeured to before the study ... 

12. My attention and concentration are currently 

a) much better 
b) a little better 
c) aUx>ut the same 
d) a little vorse 
e) much worse 

13. My motor speed and abilities are currently 

a) much better 
b) a little better 
c) about the same 
d) a little worse 
e) much worse 

14. My reading skills aure currently 

a) much better 
b) a little better 
c) about the same 
d) a little worse 
e) much worse 

15. My math skills are currently 

a) much better 
b) a little better 
c) about the same 
d) a little worse 
e) much worse 

16. My physical strength is currently 

a) much better 
b) a little better 
c) about the same 
d) a little worse 
e) much worse 

17. My mental strength is currently 

a) much better 
b) a little better 
c) about the same 
d) a little worse 
e) much worse 
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Compared to before the study ... 

18. The aaount of daily activities (such as shopping, 
cleaning, finamces) I participate in has: 

a) increased a lot 
b) increased a little 
c) stayed about the sane 
d) decreased a little 
e) decreased a lot 

19. Doing daily activities (such as shopping, cleaning, 
finances) has 

a) become much easier for me 
b) become a little easier for me 
c) has not changed for me 
d) has become a little harder for me 
e) has become much harder for me 

20. Overall, I feel that my participation in the Senior 
Activity Program helped me in the following areas (Please 
circle all that apply). 

physical fitness 

energy level 

memory skills/strategies 

concentration/ attention 

general mood/emotions 

physical strength 

mental strength 

social skills 

performing daily activities 

enjoy life more 

Is there auiything else that changed or occurred over the past 
five months since you begem participating in this study that 
you feel may have contributed to amy aibove listed chemges? If 
so, please indicate what occxirred and whether you feel this 
contributed positively or negatively to your current 
situation. 
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On this page, please take the opportunity to tell us what you 
thought eUsout the Senior Activity Program in general. Please 
feel free to include things you liked aibout the program, 
things you did not like about the program, ways the program 
has helped you, aspects of the program you would like to see 
continue, aspects of the program you would like changed, and 
any general thoughts or comments about the program in general. 

Thank you very much. We appreciate your time! 
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ARIZONA. Idn&MjtetSL 
Tucson. Anzona 35724 (602) 626-6nt HCALIH SOCNOS CCNlUt 

27 Jun* 1995 

Martha Cliaky, K.S. 
c/o Alfrad Kaasniale, Ph.D. 
Oapaxtaant of Psychology 
Payehology, ROOB 217C 
Main caapua 

RX: ue L«S-«4 zimiovixe COCMZTIVE FOMCTIONING ZN THE BZAERLV: A 
CONPAIUSON BBTNSEir AEROBIC EXERCISE, COGNITIVE TRAINING, AND 
SOCIAL IMTERACIIOII 

Oaar N«. Gllakyt 

Ha raealvad your 30 Nay 1995 lattar and aceoapanying ravlaad 
conaane fora for the abova rafaranead projaet. All of tha 
conditiona as aat out in our 25 April 1995 lattar to you hava baan 
•at. Tbarafora, fall Ceoaittaa aipproval for this auJ»jacts-at-riaic 
projaet ia grantad affaetiva 27 Juna 1995 for a period of one year. 

The Buaan Subjacta Conittae (Institutional Raviav Board) of tha 
onivarsity of Arisona has a currant aaaurance of coaplianee, nuaber 
N-1233, which ia on file with the Dapartaent of Health and Huaan 
Services and cevars this activity. 

Approval is granted vith the underatanding that no further changes 
or additions will bs aade either to the proceduree followed or to 
the consent fora(s) used (copies of which we have on file) without 
the Icnowledge and approval of the Huaan Subjacta Coaaittae and your 
College or Oepartaental Review Coaaittee. Any reaearch related 
physical or paychological hara to any subject auat also be reported 
to each eosaittee. 

k university policy requires that all aigned subject consent foras 
be kept in a peraanent file in an area deaignated for that purpoae 
by the OapartBent Head or coaparable authority. This will assure 
their accessibility in the event that universi^ officiala require 
the iaferaation and the principal inveatigator is unavailable for 
soae reaaea> 

sincerely yours. 

Milliaa P. Denny, N.O. 
Chairaan 
Hnaan Subjects Coaaittse 

WFD:ra 

cc: Oepartaantal/Collage Review Coaaittae 
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