
2 1 9 

/*>.3<i09 

MEMORY AND ATTENTION IN THE HEALTHY' ELDERLY 

DISSERTATION 

Presented to the Graduate Council of the 

University of North Texas in Partial 

Fulfillment of the Requirements 

For the Degree of 

DOCTOR OF PHILOSOPHY 

By 

Rebecca J. Orchard, B.A., M.S. 

Denton, Texas 

August, 1994 



2 1 9 

/*>.3<i09 

MEMORY AND ATTENTION IN THE HEALTHY' ELDERLY 

DISSERTATION 

Presented to the Graduate Council of the 

University of North Texas in Partial 

Fulfillment of the Requirements 

For the Degree of 

DOCTOR OF PHILOSOPHY 

By 

Rebecca J. Orchard, B.A., M.S. 

Denton, Texas 

August, 1994 



Orchard, Rebecca J., Memory and Attention in the 

Healthy Elderly. Doctor of Philosophy (Counseling 

Psychology), August, 1994, 125 pp., 17 tables, references, 

60 titles. 

The "normal aging process," as traditionally 

conceptualized, presumes cognitive decrements with age, 

independent of pathology. However, this expectation is 

based upon results of studies whose samples were 

inadequately screened for health status. Normative samples 

in geriatric neuropsychology research, for example, were 

screened for obvious factors such as history of head trauma 

and neurological disorders, but not for chronic systemic 

illnesses such as diabetes and hypertension, which we now 

realize adversely affect cognitive functioning. 

This study investigated the influence of age and health 

status on verbal and visual memory and attention. The 

objective was to select subjects resembling participants in 

normative studies, and to contrast the genuinely healthy 

component with the "contaminants." A rigorous and detailed 

self-report of health status plus a standard neurological 

examination were used to screen and divide subjects into two 

health status groups: normal and super healthy. It was 

speculated that the strong effect of age on memory and 

attention commonly found among the elderly would be 



diminished with more restrictive control over health status. 

Specifically, age was predicted to significantly affect 

performance in the less healthy group alone. Also, the 

super healthy were predicted to outperform the normals, 

regardless of age. 

Contrary to prediction, the super healthy did not 

outperform the normals when scores were adjusted for three 

covariates: vocabulary, education, and depression. 

(However, in exploratory analyses in which covariates were 

dropped, the super healthy did outperform the normals on 

verbal memory tests.) Likewise contrary to prediction, 

there was no evidence of an age by health status 

interaction, with or without covariates. 

While these negative results fail to challenge 

traditional findings, a lack of findings regarding age in 

the current study is surprising, and may indicate the value 

of rigorous screening in studies of this type. In this 

study, when subjects were screened with unusual rigor, no 

significant age effects emerged, with or without covarying 

education, vocabulary level, and depression. Memory and 

attention may not, therefore, diminish with age as much as 

previously thought. 
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CHAPTER 1 

MEMORY AND ATTENTION IN THE HEALTHY ELDERLY 

Aging is associated with we11-documented declines in 

numerous cognitive abilities, including executive functions, 

visuospatial abilities, speed-based psychomotor skills, and 

memory and learning (Albert & Kaplan, 1980; Botwinick, 1977; 

Morris & McManus, 1991; Salthouse, 1985). Deficits in these 

areas are almost universally accepted as sequelae of the 

"normal" aging process, independent of pathology. However, 

there is some controversy regarding the soundness of these 

conclusions, based as they are upon normative samples whose 

health status has recently been called into question. 

According to Albert (1981), normative samples in 

geriatric neuropsychology research were most likely screened 

for obvious factors such as history of head trauma, 

epilepsy, alcohol and drug abuse, severe psychiatric 

illness, and learning disabilities, whose associations with 

brain dysfunction have been well known for many years. 

However, within the past few decades it has become 

increasingly clear that chronic systemic diseases such as 

diabetes, hypertension, respiratory disease, and heart 

disease also affect cognitive functioning (Libow, 1977, 

cited in Albert, 1981). It is Albert's (1981) opinion that 
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researchers in the 1960's and 70's failed to screen their 

subjects for ailments of this sort. 

Since systemic disease is more prevalent among the 

elderly, some might argue that a normal aging population 

should include individuals with a representative sample of 

such illnesses in order to accurately reflect performance 

standards in that population. On the other hand, one may 

wish to differentiate between cognitive changes related to 

disease and those related to age. Unfortunately, since the 

early samples of "normal" elderly were inadequately 

screened, the impairments discovered therein may be 

artifacts of undetected disease rather than the inevitable 

correlates of age. This throws suspicion upon some of the 

basic conclusions of traditional research in cognition and 

aging. 

More recent research may be flawed with similar 

problems. For example, a 1984 survey (Poon, Krauss, & 

Bowles) of papers published in two gerontological journals 

during 1979 and 1980 yielded 41 studies on the subject of 

cognition. Surveyors found that documentation of the health 

status of the subjects in these studies tended to be lax, 

with the majority (54%) failing to mention health status at 

all. Eleven studies (27%) simply indicated that the 

subjects seemed to be healthy without any supporting 

evidence. Seven studies (17%) employed specific health 

inclusion criteria such as blood pressure. Poon et al. 
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(1984) noted that only one study (2%) screened the samples 

with detailed health records. 

Similarly, Christensen, Moye, Arroson, and Kern's 1992 

survey of 197 studies which included "normal" samples of 

elderly persons (age 60 or older) found that only 10% 

described specific exclusion criteria based on health 

conditions related to cognitive functioning. Most articles 

(64%) described subjects' health status in general terms 

(e.g., "healthy," "neurologically normal"). These 

descriptions were most often based on global self-ratings 

obtained after entry into the study. In 25% of the 

articles, no information on health status was provided at 

all. The number of subjects excluded on the basis of health 

status appeared in two articles (1%). 

Based on this evidence, the problem is clear. 

Incidental disease is a very possible confound in early, and 

even contemporary, subject samples upon which we base our 

fundamental principles regarding the effects of aging on 

cognition. 

Traditional Findings 

Until recently, the liveliest controversy in this field 

has not been whether the aging process itself produces 

decrements in cognitive abilities in normal individuals, but 

in what patterns these decrements occur. A series of rival 

hypotheses, including the right hemisphere hypothesis 

(Kaplan, 1980; Klisz, 1978), the diffuse decrement 
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hypothesis (Elias & Kinsbourne, 1974), and the frontal lobe 

hypothesis (Hochanadelfit Kaplan, 1984)> has generated 

considerable research bent on discovering exactly which 

areas of the brain are most susceptible to the detrimental 

effects of aging. Each theory is supported by empirical 

evidence and contradictory to the others. Such conflicting 

findings are puzzling. If aging alone were the cause of 

these observed decrements, would not a predictable pattern 

emerge across normal subjects? 

Some (LaRue & Jarvik, 1982) note that one reason for 

disparate results in this field is that health status as an 

independent variable has been largely ignored by 

investigators in this area. Further, they state that "aging 

is not synonymous with disease—either physical or mental— 

and the question remains largely unanswered as to which 'age 

changes' in psychological performance might better be 

attributed to disease processes than to growing old per se" 

(p. 791). 

Health Status Variable 

Investigators have begun to examine the effects of the 

health status variable more closely. Seven recent studies 

using healthier subject samples are reviewed in this 

section. See Table 1 for a summary. 

Study 1. A study by Haxby, Grady, Duara, Robertson-

Tchabo, Koziarz, Cutler, and Rapoport (1986), which used 40 

rigorously screened male subjects ranging in age from 21 to 



Table 1 

Health Status Studies Summary Chart 

STUDY SCREENING FINDINGS 

Haxby e t . a l , 1986 Medical h istory 
Physical exam 
Lab tests 
Specific exclusion c r i t e r i a 

* Immediate visual memory better than norms. 
* Delayed visual memory better than norms. 
Immediate visual memory better than delayed. 
Memory test scores correlated with age. 
Verbal subtests not correlated with age. 
Nonverbal subtests negatively correlated with age. 
* Older subjects better than younger versus norms. 

U i l l i s et a l . , 1988 Medical h istory 
Physical exam 
Lab tests 
No exclusion c r i t e r i a given 
Unspecified chronic disease 

present 

Age-related declines in both healthy and unhealthy subjects on 
both verbal arid visual memory. 

No main ef fect for health status. 
* Health status predicted Category Test only. 
* No age ef fect for Category Test. 

Haaland et a l . , 1983 Same as U i l l i s et a l . , 1988 
Some exclusion c r i t e r i a 

Age-related declines on Visual Reproduction. 
Age-related declines on Logical Memory, but less than Visual 

Reproduction. 
* Immediate recal l better than (delayed on both. 
* No age-related declines on Percentage Retained. 

Van Gorp et a l . , 1990 Health questionnaires only 
No exclusion c r i t e r i a given 
Some symptoms present: 

cardiovascular 
genitourinary 
musculoskeletal 

Signif icant age-related decline on speed of processing factor . 
* No age-related differences across or between verbal 

and nonverbal factors, which included memory. 

Hitrushina & Satz, Same as Van Gorp et a l . , Acquisit ion: * Dig i t Span (V) Not related to age 
1989 1990 * RAVLT Recognition (V) 

Storage: * Logical Prose - Forgetting <v> Not related to age 
* Rey AVLT - Forgetting (V) 
* Visual Repro. - forget t ing <NV> 
* Rey-Osterrieth - Forgetting CNV> 

Retrieval: * Logical Prose - immediate <V> Not related to age 
* Logical Prose - Delayed <v> 

* Visual Repro. - Immediate CNV) Not related to age 
* Visual Repro. - Delayed (NV) 

Not related to age 

Rey AVLT, 1 and 5 <V) Related to age 
Boston Naming Test (V) 

Boone et a l . , 1990 Stringent exclusion c r i t e r i a 
Neurological exam 
Blood tests 
EEG 
MR I 

Limited f rontal lobe evidence: i ne f f i c ien t strategies and 
slowed speed of performance, but: 

* No major f ronta l lobe signs. 

Koss et a I . , 1991 Medical h is tory 
Physical exam 
Lab tests 
ECG 
Chest x-ray 
EEG 
CT scan 
Specific exclusion c r i t e r i a 

* Verbal a b i l i t i e s preserved versus WA1S norms. 
Memory: * Smaller declines overal l in both verbal and nonverbal 

memory than norms. 
* Nonverbal more impaired than verbal, but less than norms, 

and much of that explained by speed. 
* No age-related decline on verbal fac tor . 
* Age-related decline on nonverbal fac tor . 
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83, tested visual memory (Benton Visual Retention Test), 

both immediate and delayed. Screening included review of 

medical history, physical examination, and a variety of 

laboratory tests. Subjects were rejected if any evidence 

was found for current or past neurological, cardiovascular, 

immunological, renal, thyroid, or liver diseases,.- metabolic 

disorders, diabetes, syphilis, vitamin B deficiencies, 

alcohol or drug abuse, or major psychiatric disorder. 

While health screening was stringent, the sample was 

quite small (N = 40), distributed across four broad age 

groups: 21-33 = 11, 35-39 = 9, 50-64 = 10, and 66-83 = 10. 

Perhaps for this reason findings were mixed. Total correct 

and total error scores on all memory tests correlated 

significantly with age, consistent with predictions from the 

traditional literature. In addition, though WAIS verbal 

subtest scaled scores (not age-adjusted) were not correlated 

with age, performance subtest scaled scores correlated 

negatively with age. 

On the other hand, when these researchers controlled 

for health status, they found significantly smaller age-

related differences than those reported in normative 

studies. Their findings showed that tests of immediate 

visual memory were even less influenced by age than those of 

visual memory tested after a brief unfilled delay. 

Furthermore, the healthy older subjects performed better 

relative to their age-matched normative group than a 
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comparison group of younger subjects. Despite the small 

sample used in this study, controlling for systemic illness 

seemed to have produced a reduction iia impairment with aging 

compared to the normative data. 

Study 2. Willis, Yeo, Thomas, and Garry (1988) 

investigated a sample of 154 well educated elderly men and 

women in three age divisions (65-69, 70-74, and 75-79) 

considered above average in health status. Screening 

procedures in this five-year longitudinal study included a 

physical examination, annual medical history updates, and a 

series of unspecified lab tests. No health exclusion 

criteria were reported, and although participants were 

considered "very healthy when they entered the study" (p. 

25), the authors indicated that "a variety of health 

problems" (p. 25) emerged during the five years in which 

they were followed. 

The subjects were categorized on a 10-point coding 

system based on the presence of chronic disease, but the 

nature of these illnesses was unspecified, as was the time 

at which they were categorized and the time at which they 

were tested for cognitive functioning (presumably at the 

beginning). Their screening procedures resulted in the 

following classification of subjects: sixty percent of the 

sample fell under Category 1 ("completely healthy") and were 

labeled the "relatively healthy" group for comparison with 

the remaining 40%, labeled "relatively unhealthy." 
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Individuals in this second group were distributed across 

Categories 2 through 10 according to increasing levels of 

ill health, none of which was specified. 

All subjects completed two different memory tests, one 

verbal (Wechsler Memory Scale Logical Memory) and one visual 

(Wechsler Memory Scale Visual Reproduction), with immediate 

and delayed trials on each. A frontal lobe test (Halstead-

Reitan Category Test) was given as well. 

These researchers reported significant effects of age, 

but only performance on frontal lobe tests was found to be 

related to health status. Specifically, out of the five 

cognitive variables (four memory test scores and one frontal 

lobe test score), only performance on the Category Test 

predicted health status. While a significant age effect was 

found on the memory tests, age did not affect performance on 

the Category Test. 

Perhaps because the health status variable in this 

study was so inadequately defined, study findings were 

unclear. Such findings would support a relationship between 

health status and performance on frontal lobe tasks, but not 

between health status and performance on memory tasks, 

except for the fact that the health status variable in this 

study was so inadequately defined. Because groups being 

compared were not obviously drawn from different 

populations, it is not surprising that no main effects were 

observed for the health variable. In addition, the data 
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were analyzed in such a way that information was lost 

concerning performance between immediate and delayed recall 

trials. ~ • •-*(• . • -- -

Study 3. A study (Haaland, Linn, Hunt, & Goodwin, 

1983) published five years prior to Study 2 (Willis et al., 

1988) reported having a larger sample (175, compared to 154) 

despite using the same database. Willis et al. (1988) 

referred only briefly to this study for details of scoring 

procedure, but did not discuss any similarities or 

differences between the studies. The reason for differences 

in sample sizes is unclear, since the difference was not 

fully accounted for by the addition of 13 subjects in the 

oldest age group (80 and above). 

Selection and testing procedures appeared to be 

identical between the studies, while analyses differed. 

Haaland et al.'s (1983) sample was apparently the same as, 

and therefore no better screened than, that of Willis et al. 

(1988), 40% of which was a subgroup of "relatively 

unhealthy" subjects who developed evidence of unspecified 

chronic systemic disease. However, in the Haaland et al. 

study, the sample was not divided into subgroups 

("relatively healthy" and "relatively unhealthy") for 

comparison by health status. Also, they listed some of 

their health exclusion criteria, while Willis et al. (1988) 

did not. Sixty-three subjects had been excluded from 

Haaland et al. on the basis of medical problems that could 
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affect memory, namely: hypertension, angina and other 

cardiac problems, chronic pulmonary disease, blood 

dyscreasia, and system lupus erythematosus* 

Results were somewhat different, as well. A clear age-

related decline was found for the Visual Reproduction 

subtest, and a similar but less marked age effect was seen 

for Logical Memory, consistent with Willis et al. (1988). 

In contrast, delayed recall was consistently poorer than 

immediate recall across all age groups on both subtests, 

without becoming more pronounced in the older age groups. 

Similarly, there were no age-related effects for Percentage 

Retained scores. 

The authors interpreted these findings as evidence that 

age affects the amount of information immediately recalled, 

but not the rate at which information is lost from immediate 

to delayed recall. In other words, "aging does not affect 

memory loss over a 30-minute delay" (p.878) ,. Later 

reviewers (Van Gorp, Satz, & Mitrushina, 1990) cited this 

study in support of the notion that controlling systemic 

illness allows for optimal performance in the elderly. 

However, it has been noted that this sample was not screened 

as stringently as it might have been. Perhaps if screening 

had been more rigorous, the age-related decline in verbal 

and spatial memory abilities would have been smaller. 

study 4. Van Gorp, Satz, and Mitrushina (1990) studied 

a similar cross-sectional group of 156 healthy older men and 
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women, aged 57-85, screened by questionnaire and determined 

free of "significant systemic illness." No examinations or 

laboratory tests were used to arrive at that conclusion* 

However, all subjects were reported negative for past 

history of neurologic or psychiatric disorder and chronic 

substance abuse, although there were some reports of past or 

present symptoms, mostly in the musculoskeletal, 

cardiovascular, and genitourinary categories. 

A neuropsychological test battery of 12 measures was 

administered, from which three factors emerged. Factor 1 

was verbal cognitive/verbal memory; Factor 2 was nonverbal 

cognitive/ nonverbal memory; and Factor 3 was speed of 

processing. All the tests loading on Factor 3 were timed, 

and performance in this category showed a significant 

decline in the older age groups, especially in the oldest, 

consistent with previous research (Salthouse, 1985). 

However, there were no significant declines across age 

groupings on Factors 1 and 2, which included tests assessing 

verbal and nonverbal secondary memory. This was in contrast 

to the "classic aging pattern" (Botwinick, 1977), which 

predicts a decline in both verbal and nonverbal abilities, 

with significantly greater preservation of verbal compared 

to nonverbal. The authors suggested that their methodology 

might be responsible for this finding, in that total factor 

scores representing underlying constructs were examined, 

rather than unitary tests such as memory tests alone. 
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However, they proposed that the lack of systemic illness in 

their sample produced optimal performance on these measures. 

study 5. Mitrushina and Satz published data from Study 

4's sample a year earlier (1989) in an analysis of specific 

memory components in normal aging. They examined data 

generated from six different instruments, organized under 

three categories: acquisition of information, storage 

efficiency, and retrieval. 

Measures representing acquisition of information were 

Digit Span (WAIS-R) and the recognition trial of the Rey 

Auditory Verbal Learning Test, both verbal in nature. 

Neither was significantly correlated with age. Measures 

representing storage efficiency included rates of forgetting 

from immediate recall (or copy) trials to delayed recall 

trials on two verbal tests (Wechsler Memory Test Logical 

Prose and the Rey Auditory Verbal Learning Test) and two 

visual tests (Wechsler Memory Scale Visual Reproduction and 

the Rey-Osterrieth Complex Figure Test). No relationship 

was found between age and any of these tests, either. 

However, within the measures representing the retrieval 

component of memory, a few significant results emerged. 

Immediate and delayed recall of both verbal and visual 

material made up this category. All nonverbal measures 

involving recall of geometric drawings (Visual Reproduction 

immediate and delayed and Rey-Osterrieth delayed) showed a 

stronger relationship to age than recall of stories (Logical 
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Prose immediate and delayed), consistent with the classical 

aging pattern, but neither of these correlations reached 

statistical significance. In contrast, serial recall of a 

list of unrelated words on the first and fifth learning 

trials (Rey Auditory Verbal Learning Test), as well as 

recall of names of unrelated objects (Boston Naming Test) 

were highly affected by age. Both of these measures were 

verbal in nature, and therefore expected to be preserved 

relative to nonverbal tasks. 

The authors concluded that, in an intellectually 

superior cohort of older adults, memory decline can be 

attributed to faulty retrieval, whereas acquisition and 

storage remain intact with advancing age. They also noted 

that these findings are consistent with Craik's (1987) 

theory that increased age differences appear in tasks in 

which a subject must initiate and organize memory operations 

in a consciously controlled and effortful fashion, 

regardless of whether the tasks involve verbal or nonverbal, 

primary or secondary, memory. The results that emerged in 

this study did seem to reflect an interaction between the 

verbal/nonverbal dichotomy and a progressively increasing 

level of processing required by the tasks involved. 

By comparing Study 4 (Van Gorp et al., 1990) with Study 

5 (Mitrushina & Satz, 1989), we can see that the factor 

analysis used in the Van Gorp study obscured differences in 

individual verbal and nonverbal memory test results. 
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Mitrushina and Satz discovered that, by analyzing specific 

variables, a few highly significant differences appeared in 

relation to age. Evidently age-related memory differences 

are subtle and susceptible to being overwhelmed by analyses 

that transform individual raw scores, such as factor 

analysis. 

Overall, Study 5's results are more supportive of the 

health status position than they are of traditional 

theorists. Out of twelve measures, only two were 

significantly related to aging, and those were in verbal 

memory as opposed to nonverbal, opposite of the "classical 

aging pattern." The negative findings on forgetting scores 

were consistent with Haaland et al.'s (1983) results which 

showed no age-related declines from immediate to delayed 

recall, or in Percentage Retained scores. 

In addition, it can be argued that this sample was 

screened only by self-report questionnaire, and some 

symptoms of systemic illness were reported within the group. 

While it purports to be an unusually healthy, well educated 

sample, more rigorous screening methods might have modified 

the results even further. 

Study 6. A 1990 study (Boone, Miller, Lesser, Hill, & 

D'Elia) investigated performance on frontal lobe tests in a 

sample of 61 well educated men and women in three age 

divisions: 50-59, 60-69, and 70-79. Health screening was 

especially stringent, as exclusion criteria included not 
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only history of psychotic or major affective disorder, 

documented neurological illness, and significant medical 

illness that could affect central nervous system functioning 

(such as uncontrolled hypertension or diabetes), but 

abnormal findings on neurological examination, metabolic 

abnormalities detected with blood tests, and abnormal 

findings on electroencephalogram (EEG) or magnetic resonance 

imaging (MRI). 

Only limited differences in performance on frontal lobe 

tests were found between the age groups. Some signs of 

inefficiency in deducing correct problem-solving strategies 

and slowed information processing speed was noted in older 

subjects, but no evidence was found for such frontal lobe 

deficits as perseverations, failure to maintain set, use of 

illogical problem-solving strategies, difficulty in dividing 

attention between tasks, susceptibility to distraction, 

difficulty inhibiting habitual responses, or impaired word 

generation skills. 

The authors acknowledged the possibility that declines 

in frontal lobe performance may occur after the age of 80, 

while their subject sample was limited to age 79 and below. 

However, they proposed that it was their rigorous health 

screening that minimized the age-related decrements in this 

sample. 

Study 7. Finally, a 1991 study by Koss, Haxby, 

DeCarli, Schapiro, Friedland, and Rapoport, from the same 
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laboratory as Study 1 (Haxby et al., 1986), looked at 

cognitive performance in 67 highly educated males ranging in 

age from 21 to 92, who were screened rigorously for health 

status. Subjects were rejected if there was any evidence of 

current or past neurological disorder, psychiatric disease, 

or associated risk factors* Screening included review of 

medical history, physical examination, laboratory tests of 

cardiovascular and pulmonary function, liver, renal, 

hematological, immunological, and thyroid function. In 

addition, all subjects had an electrocardiogram (ECG), chest 

X-ray, electroencephalogram (EEG), and brain computer 

tomography scan (CT). However, it is unclear whether these 

final four, extremely stringent, tests were used as 

screening criteria. 

Results showed excellent preservation of general verbal 

abilities relative to WAIS norms. In terms of memory, both 

verbal memory and visuospatial memory showed smaller 

declines in contrast to normative data. The classical 

pattern of age-related differences (i.e., greater 

preservation of verbal ability compared to visuospatial 

ability) was found, although to a lesser degree than the 

normative data. Secondary analysis of the verbal-

visuospatial dichotomy suggested that the greater decline in 

visuospatial memory could best be explained by decline in 

visuospatial performance, which is influenced by psychomotor 

speed. 



17 

Factor analysis yielded five independent factors: 

perceptual reasoning, visuospatial memory and organization, 

verbal fund of knowledge, verbal discourse memory, and 

verbal memory and organization. The first two factors, 

perceptual reasoning and visuospatial memory and 

organization, declined significsntly with advancing age, 

while the remaining three, all verbal in nature, were not 

significantly correlated with age. Perceptual reasoning 

emerged as the single best predictor of age. Visuospatial 

memory and organization, although highly correlated with 

age, did not add any predictive weight. The authors' 

conclusion was that visuospatial performance declines even 

in the absence of disease, but that memory functions are 

relatively well preserved in healthy individuals. 

Conclusions 

In conclusion, a review of recent research on health 

status showed that more stringently controlled studies do, 

in fact, yield fewer age-related decrements in cognitive 

abilities than normative studies, with the most impressive 

results tending to occur in studies with the most exacting 

screening criteria. Results favoring the traditional 

theories were usually found in studies in which screening 

was less stringent and symptoms of at least some systemic 

disease was documented. 

Two studies, including the most rigorously controlled 

of the group (Boone et al., 1990), investigated frontal lobe 
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function and both found that it is significantly preserved 

when healthier elderly subjects are involved. However, most 

of the studies in this review focused on-memory, in which 

more equivocal results were found. 

Results, both significant and nonsignificant, tended to 

follow the traditional pattern of delayed memory being more 

affected by age than immediate, and the classical aging 

pattern of nonverbal tests being more affected by age than 

verbal. However, the speed processing factor, known to be 

affected by aging (Salthouse, 1985), was offered by some 

(Koss et al., 1991) to explain at least some of the 

verbal/nonverbal differences. In one study (Mitrushina & 

Satz, 1989) a reversal was found, such that verbal scores 

were significantly related to age while nonverbal scores 

were not. This may have been due either to healthier 

subjects or the nature of the material being tested, or 

perhaps both. Van Gorp et al.'s (1990) analysis suggested 

that differences between verbal and nonverbal performance 

disappear when healthier subjects are used. 

In at least two studies (Haaland et al., 1983; 

Mitrushina & Satz, 1989), the immediate/delayed recall 

difference was shown to be unrelated to aging. In another 

(Haxby et al., 1986), both immediate and delayed recall were 

significantly better than norms. 

The evidence reviewed to this point has suggested that 

controlling health status challenges traditional findings on 
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cognition in aging. Yet, in the seven studies reviewed, a 

number of flaws were noted which may have limited the 

number, the strength, and perhaps even the nature of these 

new and generally contradictory bindings. Some of these 

flaws might have included small sample size and inadequate 

health screening. In addition, all, of the studies reviewed 

compared subjects' performance against published norms 

rather than against samples of less healthy subjects. For 

example, those normative study samples, we now realize, are 

most likely composed of some proportion of very healthy 

normal older subjects, along with an unknown proportion of 

individuals who suffer from chronic systemic illness. 

The current study focused on memory, testing verbal and 

nonverbal, immediate and delayed memory. This study also 

included two highly related variables, verbal and nonverbal 

attention. In the memory studies reviewed so far, 

attentional variables were omitted. 

Memory 

The study of memory is extremely varied and complex. A 

few of the various aspects of memory have been touched upon 

in the previous section on the health status literature. 

This section will briefly review those aspects as they 

relate to the purpose of the present study. 

Verbal versus nonverbal memory. Traditional verbal/ 

nonverbal differences in performance associated with age are 

found in memory as well as other cognitive tasks. Findings 
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such as these form the basis for the right hemisphere 

hypothesis (Kaplan, 1980; Klisz, 1978), which proposes that 

cerebral functional decline in aging individuals is 

asymmetric, with certain right-hemisphere skills 

deteriorating more rapidly than those of the left 

hemisphere. This theory is supported by a large body of 

empirical evidence. For example, attainments on nonverbal 

tests such as the WAIS performance subscales, which are 

believed to tap the right hemisphere, have been shown to 

decrease markedly over the age of 70. Verbal scale scores, 

associated with the left hemisphere, have often failed to 

show age-related declines. Because this pattern emerges so 

consistently, it has been called the "classic pattern" of 

intellectual aging (Botwinick, 1977). However, recent 

studies (Haxby et al., 1986; Van Gorp et al., 1990) 

challenge the strength of this relationship, if not the 

hypothesis itself. 

Primary versus secondary memory. Secondary memory, the 

ability to recall information following a delay of 

interfering activity, is affected by the aging process while 

primary, or immediate, memory is not (Craik, 1990). In the 

elderly this difference is exaggerated, at least in the 

traditional literature. However, some of the studies 

reviewed above (Haaland et al., 1983; Mitrushina & Satz, 

1989) suggested this difference may be an artifact of poor 

health screening. 
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Craik's model. Craik (1990) argued that it is not the 

involvement of one memory system or another that determines 

the age decrement, but the type of processing required by 

the task. He wrote that, depending on the operations 

required by a particular task, age decrements may or may not 

be found in all memory stores and systems^ According to his 

model, older adults would be less able to organize and 

execute self-initiated operations, making them more 

dependent upon environmental support (in the form of cues or 

information) in order to remember. Therefore, as memory 

tasks decrease in the amount of environmental support 

provided, older subjects tend to experience an increase in 

the demand for self-initiated activity and a corresponding 

decline in performance, especially when compared to younger 

subjects. 

By way of example, Craik briefly examined the semantic/ 

episodic memory system. Semantic memory is defined as 

memory for general knowledge, and episodic is memory for 

specific occurrences in a person's past. Semantic memory is 

traditionally believed to show few declines associated with 

aging, while episodic memory shows substantial decrements. 

Craik demonstrated that, depending upon the type of 

processing involved, episodic memory shows large age 

differences in some circumstances and negligible differences 

in others. For example, a recognition memory test, in which 

a subject is required to identify a stimulus as one which 
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either has or has not been presented previously, provides 

more environmental cues than a recall test, in which the 

subject has to retrieve the stimulus itself from memory. 

The performance in elderly subjects decreased from 

recognition to recall tests, relative to younger subjects. 

Yet both memory tasks are thought to tap episodic memory, a 

construct believed impaired as a whole in the elderly. 

Craik (1990) supported his theory with several 

empirical studies. As reviewed previously, Mitrushina and 

Satz (1989) found that only two measures were significantly 

correlated with aging, verbal tasks involving both serial 

lists of unrelated words and names of unrelated objects. 

These tasks provided less environmental support and required 

more self-initiated and effortful processing on the part of 

the subjects than all of the other tests. Still, Mitrushina 

and Satz (1989) used inadequate health screening with their 

subjects. In even healthier subjects, the pattern predicted 

by Craik's model might still appear, but fail to reach 

significance. The present study will use recognition tests 

as well as immediate and delayed recall tests (both verbal 

and nonverbal) in order to test Craik's complexity of 

processing model. 

Summary. Failing memory is a prevalent stereotype of 

the aged (Zarit, Cole, & Guider, 1981, cited in Koss et al., 

1991). However, the evidence presented thus far suggests 

that age-related decline in memory is not as general, 
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representative, or severe as had been thought (Perlmutter, 

1987, cited in Koss et al., 1991). By screening more 

stringently for ill health, recent studies reviewed in the 

health status section above raise the question of, and 

provide evidence for, the contribution of systemic illness 

to memory test performance in less healthy elderly subjects 

who may have been studied in the past. Findings from more 

carefully controlled recent studies imply that traditional 

age-related differences in memory may be artifacts of 

undetected disease processes. Furthermore, traditional 

verbal/nonverbal and exaggerated immediate/delayed patterns 

of memory performance may disappear, or become much less 

prominent than previously supposed, as long as systemic 

disease and other health status variables are minimized. 

None of the studies reviewed investigated attention, though 

it is considered essential to memory. 

Attention 

Attention has been called "a precondition to cognition" 

(McDowd & Birren, 1990, p. 222). More specifically, 

attention has been shown to be necessary for encoding and 

retrieval, the two prime components of memory (Craik & 

Simon, 1980). Memory deficits are therefore linked with 

attentional deficits, and it is not surprising that age-

related declines have been documented in attention as well 

as memory. For a review see McDowd & Birren, 1990. 
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According to Albert (1981), "attention should always be 

evaluated first, since adequate attention is a prerequisite 

for any other task" (p. 837). Furthermore, "auditory and 

visual attention should be tested separately, since each can 

be selectively impaired" (p. 837). However, none of the 

health status studies reviewed above looked at either type 

of attention. Overall, findings on memory were the most 

equivocal of the cognitive functions investigated. Perhaps 

differences in attention were present along with, or even 

contributed to, the variability in memory performance. 

Clinical evidence collected from the Sepulveda VA Medical 

Center Geropsychiatric Assessment and Treatment Center (S. 

Ganzell, personal communication, January 14, 1992) suggested 

that challenging attentional tasks differentiated between 

true healthy normals and normals with systemic illness, even 

in subjects whose systemic disease had been adequately 

treated or controlled. This study included tests of both 

verbal and visual sustained attention in order to discover 

whether age-related attentional deficits, verbal or visual 

or both, are present in less healthy subjects but not in the 

extremely healthy, along with the kinds of age-related 

memory deficits which have already been observed in previous 

studies. 
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The Current Study 

statement of the Problem 

A current controversy in the area of cognition in aging 

is that most studies, including those considered 

foundational, have failed to control adequately for health 

status when measuring a variety of domains, including 

memory. Surveys (Christensen et al., 1992; Poon et al., 

1984) suggested that poorly screened subject samples are the 

norm in the cognitive aging literature. Therefore, 

conclusions drawn with respect to cognitive deficits in 

normal aging are highly suspect. While these samples are 

probably representative of the elderly population at large, 

more likely to have health problems than the young, data 

drawn from these samples undoubtedly reflect the effects of 

disease processes common in the elderly in addition to the 

aging process itself. Attempts to establish deficits due 

solely to aging of the brain have probably been confounded, 

and generalizations based on these data are apt to be 

flawed. 

A review of recent studies with more stringent health 

status controls supported this supposition. Fewer age-

related decrements were found in memory and frontal lobe 

tasks compared to the normative data, and traditional 

differences in performance either decreased greatly or 

disappeared altogether, depending upon the study. 
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However, some still failed to control adequately for 

chronic systemic illness and none used an appropriate 

comparison group, which might have allowed quantification of 

the improvements in performance. Only one study 

investigated multiple aspects of memory, such as the 

verbal/nonverbal dichotomy, differences between immediate 

and delayed recall, and performance on recognition versus 

free recall, within the same subjects. Also, none of the 

studies investigated attention, which is considered a 

precondition for all cognition including memory, and which 

some believe (S. Ganzell, personal communication, January 

14, 1992) is able to differentiate the truly healthy from 

those with chronic systemic illnesses. 

In conclusion, studies which report cognitive deficits 

in normal aging have used samples drawn from a population 

contaminated by the effects of illness and disease without 

adequately screening for those contaminants. A handful of 

newer, better controlled studies demonstrated improvement in 

performance when health status is better screened, but most 

of these studies are flawed by inadequate exclusion criteria 

and lack of a comparison group. Therefore, the traditional 

conclusions which have been drawn regarding patterns of 

decline in the healthy elderly are highly suspect and 

further investigation with more stringent controls is called 

for. 
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Purpose of the Present Study 

The present study attempted to test whether deficits in 

cognitive performance traditionally attributed to the 

effects of aging, in this case attention and memory, would 

be demonstrated when health status was carefully controlled. 

A group of normal, reasonably healthy subjects over the age 

of 50, resembling illness-contaminated control groups used 

in past studies, was compared with a group of age-matched 

subjects which had been screened much more rigorously for 

illness and injury. 

The expectation, based upon the literature reviewed, 

was that the rigorously screened group, referred to as 

"super healthy," would outperform the less rigorously 

screened normal group, referred to as "normals," on memory 

and attentional tasks. Such an outcome would lend credence 

and support to the theory that health status has been a 

confound in traditional studies in aging, and that aging is 

not the unavoidable pathological process it was once thought 

to be. 

In addition, each of these two "health status" groups 

was subdivided into two age groups by median split. Within 

the normals, it was expected that the younger subjects would 

outperform the older ones, as predicted by the literature. 

However, the two super healthy groups (older and younger), 

with confounding incidental disease processes eliminated as 

much as possible, were expected to perform about as well on 
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tests of memory and attention. The following hypotheses 

were tested. 

Hypotheses 

1. The super healthy group will perform significantly 

better on neuropsychological tests of attention and 

memory than the normals on: 

the Brief Test of Attention (Schretlen & Bobholz, 

1992) ; 

the Continuous Performance Test (Loong, 1988); 

the Rey Auditory Verbal Learning Test (Rey, 1941); 

and the Rey-Osterrieth Complex Figure Test (Rey, 

1964). 

2. Younger and older participants in the super healthy 

group will achieve comparable scores on the 

neuropsychological tests listed in the first 

hypothesis. However, among the normals, younger 

participants will perform better than older 

participants on the neuropsychological tests listed in 

the first hypothesis. 

Design 

The design is a pre-experimental design called a 

"static-group comparison," in which "a group which has 

experienced X is compared with one which has not, for the 

purpose of establishing the effect of X" (Campbell & 

Stanley, 1963). Unlike a "true" experimental design, the 

static-group comparison has no pretest and no formal means 
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of assuring that the groups would have been equivalent had 

it not been for the "X" factor. Though "pre-experimental," 

this design is deemed optimal for the purpose of this 

investigation for several reasons. Because of the types of 

groups involved, subjects cannot be randomly assigned. 

Neither health status nor age are variables that can be 

manipulated. In this study, subjects were compared along 

two factors, health status and age. 

The primary constructs of interest for this project 

were verbal and visual attention and verbal and visual 

memory. This study measured verbal attention using the 

Brief Test of Attention (Schretlen & Bobholz, 1992), and 

visual attention using the Continuous Performance Test 

(Loong, 1988). Verbal memory was tested by the Rey Auditory 

Verbal Learning Test (Rey, 1941), and visual memory by the 

Rey-Osterrieth Complex Figure Test (Rey, 1964). All other 

dependent and demographic measures were included as 

covariates and/or sample descriptors. 

The strength of this design lies in the fact that it 

controls for threats to internal validity such as history, 

testing, instrumentation and regression. Neither history 

nor testing was problematic because there was no pretest. 

To control for instrumentation flaws, a single experimenter 

tested all subjects. Regression was not a factor, since 

subjects were not chosen on the basis of extreme pretest 

scores. 
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Weaknesses of this design stem mainly from the fact 

that there is no formal way of certifying that the groups 

would have been equivalent except for the factors of 

comparison (i.e. health status and age). Threats to 

internal validity inherent in this design include selection, 

mortality, and the interaction of selection with mortality. 

A threat to external validity lies in the possible 

interaction of selection and the factors of comparison 

(health status and age). However, the influence of these 

design weaknesses was minimized by using education, 

estimated IQ (as measured by WAIS-R Vocabulary), and 

depression as covariates. 
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METHOD 

Subjects 

Subjects were recruited, screened and tested primarily 

in the San Fernando Valley, from sources both inside and 

outside the Sepulveda VA Medical Center. Out of more than 

100 potential subjects screened, 69 subjects passed and were 

tested. Five of the 69, candidates for the super healthy 

group, failed the neurological examination required for 

confirmation of super healthy status and were dropped from 

the study. (They were not subsequently assigned to the 

normal group because of the neurological deficits revealed 

in their examinations.) 

The 64 remaining subjects, half male and half female, 

ranged in age from 50 to 80. Thirty-two fell above the 

median age of 63.5, and 32 below. Below the median, 16 were 

normal and 16 super healthy; above the median, 22 were 

normal and 10 super healthy, with half males and half 

females in each of these four subgroups. See Table 2 

(Appendix A) for a scatterplot of age and sex distribution 

within the four subgroups. 

Subject gender was originally restricted to males. 

However, difficulty in finding healthy older males required 

that female subjects be included as well. 

31 
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Instrumentation 

Two human consent forms were produced for use with VA 

and non-VA subjects (see Appendix B). Table 3 summarizes 

and categorizes the experimental measures used in this 

study. Instruments were devised to evaluate the two factors 

of interest in this study, age and health status.. Other 

screening instruments and procedures were used to rule out 

dementia and neurological abnormalities which are detectable 

by standard neurological examination. Covariates in this 

study included education, general intelligence, and 

depression, all of which have been found to influence scores 

on neuropsychological tests (Lezak, 1983; Parsons, 1987). 

Finally, the dependent variables, attention and memory, were 

measured as well. Both verbal and visual attention and 

verbal and visual memory were assessed. 

Screening Tests 

Demographic data sheet. A general form was created to 

obtain information regarding each subject's age, education, 

marital status, address and telephone number, and so forth. 

It was administered individually and verbally. (See 

Appendix C.) 

Mini-Mental State Examination fMMSEl. The MMSE 

(Folstein, Folstein, & McHugh, 1975) is a simplified, scored 

version of the mental status examination, a test of 

cognitive function which purports to distinguish subjects 

with cognitive disturbance from those without. Often used 
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as a screening device for dementia, it covers orientation, 

memory, attention, the ability to name objects and follow 

verbal and written instructions, write a sentence 

spontaneously, and copy a complex figure similar to a 

Bender-Gestalt figure. It includes 11 questions, requires 

five to ten minutes to administer and score, and is untimed. 

Scores can range from 0 to 30. Subjects who score in the 

range of 24-30 are considered normal, while those who score 

0-23 are considered cognitively impaired (Anthony, LeResche, 

Niaz, Von Korff, & Folstein, 1982). 

Test-retest reliability coefficients are reported for 

24-hour intervals and the same examiner (.89), 24-hour 

intervals and two different examiners (.83), and for 28-day 

intervals in clinically stable demented patients (.98). In 

terms of validity, the MMSE successfully distinguished three 

different diagnostic groups (dementia, depression with 

cognitive impairment, and uncomplicated affective disorder-

depressed) from one another and from a normal control group. 

Patients recovering from head injury, metabolic delirium, 

and depression with severe cognitive impairment produced 

successively higher scores on the MMSE over time. 

Concurrent validity was determined by correlating MMSE 

scores with the Wechsler Adult Intelligence Scale, Verbal 

and Performance scores, and yielded correlations of .78 and 

.66 respectively. Subjects had to score within the normal 

range (24-30) to be included in this study. 
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Health Screening Questionnaire fHSCM . This form 

comprises a series of medical history questions suggested by 

Crook, Bartus, Ferris, Whitehouse, Cohen, , and Gershon's 

(1986) description of Age Associated Memory Impairment 

(AAMI), Blackford and LaRue's (1989) proposed revision 

criteria for AAMI, and Christensen, Moye, Armson, and Kern's 

(1992) health screening questionnaire. 

Health conditions in more than 11 different categories 

known to affect cognition are canvassed: cardiovascular, 

neurological, endocrine/metabolic, cancer, respiratory, 

urinary, digestive, psychiatric, head injury/loss of 

consciousness, surgery, immune system, and "other". This 

form was administered individually and verbally. (See 

Appendix D.) 

Neurological examination. Those subjects who met the 

health screening criteria for the super healthy group 

underwent a standardized neurologic examination (Pachana & 

Mervis, 1992) given by a neuropsychologist at the Sepulveda 

VA Medical Center. It is a comprehensive, non-invasive 

examination of cranial nerve function, sensory, motor, 

cerebellar and reflexive abilities. The neurological exam 

has been designed to be sensitive to minor neurologic 

changes, such as those associated with early vascular 

disease. 

In this study, the neurological examination was used to 

confirm subjects' status in the super healthy experimental 
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group. Those subjects who qualified, as determined by the 

Health Screening Questionnaire, were required to pass the 

neurological examination as well. Criteria for passing was 

the absence of any focal neurologic signs. That is, each 

super healthy subject had to be within normal limits on 

every item on the neurological examination form except for 

"Visual Acuity." Those items include examination of cranial 

nerve functioning, motor functioning, abnormal movement, 

sensory functioning, primitive reflexes, equilibrium, 

coordination, and gait. Perfect visual acuity was not 

necessary, and corrective lenses were allowed. 

Covariates 

Education. Education level was assessed by the 

Demographic Data Sheet described above, and recorded as 

total years of education: the number of years completed in 

grade school plus the number of years completed beyond grade 

school, including trade school, college, and graduate 

school. (See Appendix C.) 

Vocabulary fWAIS-R^. This subtest of the Wechsler 

Adult Intelligence Scale - Revised (Wechsler, 1981) consists 

of 35 words, arranged in progressive order of difficulty, 

which subjects are asked to define. Verbal subtest scaled 

scores range from 1 to 19. This verbal subtest has been 

identified as the single best measure of both verbal and 

general mental ability, and correlates with the Full Scale 

WAIS IQ at .85, averaged over ages (Lezak, 1983). The 
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split-half reliability coefficient for Vocabulary is .96 

(Franzen, 1989), Raw scores, unaltered for age, were used 

in this study instead of scaled scores. 

Geriatric Depression Scale fGDSl. The GDS (Yesavage & 

Brink, 1983) is a 30-item questionnaire designed 

specifically for rating depression in the elderly. Each 

question is answered by indicating "yes" or "no" to queries 

such as "Are you basically satisfied with your life?" and 

"Do you worry a lot about the past?" 

Scores can range from 0 to 30, with scores from 0 to 10 

considered normal, 11 to 13 possibly depressed, and 14 to 30 

depressed. In a study with geriatric medical outpatients 

(Norris, Gallagher, Wilson, & Winograd, 1987), the lower 

cut-off score of 10 was found to yield a high sensitivity 

rating of 84%, which eliminates most false positives. 

However, the higher cut-off score of 14 was found to 

eliminate most false negatives. Since depression was a 

covariate in this study, no cutoff was used. 

The authors report a split-half reliability coefficient 

of .94 and an Alpha coefficient of .94, which suggest a high 

degree of internal consistency for the GDS. Test-retest 

reliability calculated at one week was .85. 

For validity, the GDS was correlated to the Hamilton 

Rating Scale for Depression and the Zung Self-Rating 

Depression Scale, yielding coefficients of .83 and .84 



40 

respectively. Norris, et al. (1987), report a correlation 

of .85 between the GDS and the Beck Depression Inventory. 

State-Trait Anxiety Inventory (STAI). The State 

portion of the State-Trait Anxiety Inventory (STAI-S; 

Spielberger, Gorsuch, & Lushene, 1970) is a 20-item scale 

designed to measure a subject's level of tension and 

apprehension at the time it is given. On the STAI-S, 

respondents are asked to rate the extent to which they agree 

with statements describing how they feel "at this moment" 

(e.g., "I feel calm," "I am tense"). Response choices are 

"not at all," "somewhat," "moderately so," and "very much 

so." 

The STAI-S has been used in neuropsychological research 

as a measure of situational emotionality (Parsons, 1987). 

Internal consistency reliability coefficients range from .83 

to .92. Test-retest reliability correlations are much 

lower, as expected for a test designed to be influenced by 

situational factors, ranging from .27 to .54 in retests over 

long intervals (20 days and 104 days). 

Evidence for construct validity is offered in two 

different studies involving undergraduate students. In the 

first, reported in the STAI Manual, the A-State scale mean 

of a group instructed to anticipate an exam was considerably 

higher than the mean of a group which was simply read the 

standard instructions. In a second study (Lazarus & Opton, 

1966), four different conditions were compared: Normal, in 
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which the scale was given at the beginning of a session; 

Relax, in which the scale was given following a 10-minute 

period of relaxation; Exam, in which the scale was given ten 

minutes into the Terman Concept Mastery Test; and Movie, in 

which the scale was given immediately after viewing a 

stressful film which depicted accidents in a woodworking 

shop. Scores were lowest in the Relax condition, higher in 

the Normal condition, higher still in the Exam condition, 

and highest in the Movie condition. 

Norms are provided for male and female high school 

students, college freshmen and undergraduates, young male 

prison inmates, male neuropsychiatric patients, and male 

general medical and surgical patients (those with and 

without psychiatric complications). This study used the 

male nonpsychiatric general medical patients as a reference 

group. The fiftieth percentile for that group falls between 

the raw scores of 48 and 49. 

Hollinashead-Redlich Two-Factor Index of Social 

Position. Socio-economic status was determined using the 

Hollingshead-Redlich Two-Factor Index (Hollingshead & 

Redlich, 1958). On this instrument the individual is 

assigned a score (1-7) on each of the two factors involved: 

the precise occupational role the individual performs in the 

economy and the amount of formal schooling he has received. 

The factor scores are then weighted (occupation multiplied 

by 7 and education by 4) and combined to yield the 
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individual's Index of Social Position Score, which can range 

from 11 to 77. This score places the subject in one of five 

Social Classes, I being the highest socioeconomic level and 

V the lowest. The assignment of scores to Social Class 

levels is as follows: I = 11-17, II = 18-27, III = 28-43, 

IV = 44-60, V = 61-77. However, in this study, the 

numerical scores from the continuous scale (11-77) were used 

for the purpose of analysis. Because of similarity of 

content, the Hollingshead-Redlich was given along with the 

Demographic Data Sheet during screening. 

Dependent Measures 

Brief Test of Attention (BTA). The BTA (Schretlen & 

Bobholz, 1992) is a brief test of executive attentional 

ability which presents stimuli in an auditory verbal mode by 

means of standardized audio cassette. Ten alphanumeric 

lists (e.g., M-6-3-R-K-2-Q) that increase in length from 4 

to 18 items are presented. On Form N (Numbers), the 

subject's task is to disregard the letters and count how 

many numbers are read aloud. Then the same 10 lists are 

presented again as Form L (Letters), at which time the 

subject is told to disregard the numbers and count how many 

letters are recited. The entire test requires less than ten 

minutes to administer and score, and scores can range from 0 

to 20. 

Analyses of internal consistency yielded alpha 

coefficients of .67 for Form L, .57 for Form N, and .77 for 
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total scores. Pearson r between forms was .58. The BTA was 

found to distinguish Huntington's Disease patients from 

carefully matched nonpsychotic psychiatric patients, as well 

as psychotic from nonpsychotic inpatients, after covarying 

for differences in age, sex, race, and education. In a 

separate study (Schretlen, 1992), BTA performance 

distinguished among closed head injury survivors with good, 

fair, or poor psychosocial outcome at eight-year follow up. 

Continuous Performance Test (CPT). The CPT (Loong, 

1988) is a test of sustained attention administered visually 

by computer. Five levels of the task are available, graded 

according to difficulty, and each level can be administered 

in either a five-or ten-minute duration. In this study, 

Level 3, "Number Cancellation with Condition," five-minute 

duration, was administered. Level 3, five-minute duration, 

was chosen upon recommendation of the author (J. W. K. 

Loong, personal communication, October 7, 1992), who said he 

considers it the most appropriate level of difficulty for 

this and most other populations. Level 3 was the level used 

in most of the normative and validity studies. 

Additionally, he said that ten-minute administrations did 

not distinguish between groups any better than five-minute 

administrations. 

The subject sits at a computer, viewing numbers that 

appear on the screen at the rate of one per second. S/he is 

directed to press the keyboard's spacebar in order to 
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"cancel the number nine," but only when it appears 

immediately after the number "zero." In the 5-minute 

presentation, there are 50 nines that follow the number 

zero. There are also 30 zeroes and-30 nines that appear 

individually. All other numbers (except nine and zero) 

appear at random and with equal frequency. 

Five scores are generated by the test: Number Right 

(total number of targets correctly cancelled), Number Wrong 

(total number of letters incorrectly cancelled), Number 

Missed (total number of targets missed), Absolute Percent 

Correct (number of targets correctly cancelled divided by 

total number of targets), and Relative Percent Correct 

(number of targets correctly cancelled divided by total 

number of attempts). Absolute Percent Correct was analyzed 

in this study. 

Norms are supplied for two different adult populations, 

college students and neurologically impaired outpatients. 

Ninety-five percent is considered the cutoff, with normals 

performing at or above that level, and the cognitively 

impaired below it (J. W. K. Loong, personal communication, 

October 7, 1992). 

In terms of concurrent validity, the five-minute 

administration of Number Cancellation with Condition 

correlates with Digits Forward at .32 for Absolute Percent 

and .41 for Relative Percent, and with Digits Backward at 

.47 for Absolute Percent and .54 for Relative Percent. It 
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correlates with Trails A (Halstead-Reitan Battery) at -.66 

for Absolute Percent and -.63 for Relative Percent, and with 

Trails B at -.63 for Absolute Percent and -.79 for Relative 

Percent. Coefficients for the Color-Word Test, levels 1-3, 

ranged from .54 to .72. 

In terms of discriminant validity, the scores for a 

group of neurologically impaired adult outpatients were 

higher than those for a group of college students, and 

learning disabled children scored lower than normal 

children. No reliability data are reported in the manual. 

Rev Auditory-Verbal Learning Test fAVLTl. The Rey AVLT 

(Rey, 1964) consists of a 15-item list of words to be 

learned over five learning trials. The entire list is 

presented on each trial, immediately followed by free recall 

on the part of the subject. The first trial provides 

information regarding the subject's immediate memory. The 

next four trials tend to form a learning curve. An 

interference trial consisting of a second list of 15 words 

is then presented for immediate recall. Immediately 

afterward (Trial 6), the subject is asked to recall items 

from the original list used for Trial One. This provides 

information regarding the susceptibility of the subject's 

memory to distraction. During the next 20-30 minutes, the 

subject is to be engaged in activity to prevent any further 

rehearsal of the list. Following this delay, on Trial Seven 

the subject is again asked to recall items from the original 
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list used in Trial One. A recognition task is last, in 

which the subject is presented a new list of 30 words in 

which the original 15 have been imbedded, and asked to 

identify the original words. 

The AVLT has been widely used in clinical 

neuropsychology because of the usefulness of its multiple 

measure of learning and memory, and its ease of 

administration. Most modern experimenters use one of the 

modified versions and instructions described by Lezak 

(1983), which vary from the original in several ways. For 

example, the English translations for 20% of the words are 

different from the original words, the provision of feedback 

suggested by Rey has been eliminated, the distraction trial 

is new, Rey had presented a paragraph with imbedded words as 

the recognition task, and the pacing of word presentation is 

faster, one word per second instead of separating the words 

by one-second intervals. 

The number of revisions of the AVLT that exist is a 

testimony to its flexibility, but causes problems when 

normative data are required. Rey's original norms, gathered 

as they were some 30 years ago, would not accurately fit the 

English versions. Therefore, recent norms obtained on 

"cognitively normal" adults aged 55 and older (Ivnik, Malec, 

Tangalos, Petersen, Kokmen, & Kurland, 1990) will be used. 

Prior normative studies of the AVLT have not included a 

delayed free recall component. 
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The AVLT has been demonstrated to be sensitive to 

organic brain impairment in a variety of populations. For 

example, Rosenberg, Ryan, and,Prifitera (1984) found that it 

discriminated between group of memory-impaired and non-

memory impaired psychiatric and neurological patients 

matched for age and education. Mungas (1983) found the AVLT 

discriminated between amnesics, severe head-trauma victims, 

patients with Attention Deficit Disorder, schizophrenics, 

and nonpsychotic psychiatric patients. Alternate form 

reliability was tested using a second list provided by Lezak 

(1983), and yielded coefficients ranging from .60 to .77. 

Rey-Osterrieth Complex Figure Test (REYO). The REYO, 

designed by Rey (1941) to assess visual perception and 

visual memory in brain-damaged subjects, has become one of 

the most extensively used neuropsychological tests in 

clinical practice. A single figure is presented for the 

subject to copy, with no time limit. The stimulus figure 

and the copy are then removed and the subject is asked to 

draw it from memory. For the next 20-40 minutes the subject 

is to be engaged in activities and then asked again to draw 

the figure from memory. The recommended length of delay 

varies among examiners, from 20 to 45 minutes, and Lezak 

(1983) states that, within the limits of an hour, the length 

of delay makes little difference. 

The drawings are scored on the basis of accuracy of 

form and position of its 18 separate elements, with a 
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possible overall range of 0-36 points. Two points are 

scored for each element that is drawn accurately and placed 

correctly. Only one point is scored if the element is 

either drawn accurately but placed poorly or placed 

correctly but either distorted or incomplete. One-half 

point is scored if the element is both poorly placed and 

distorted/incomplete. Zero points are scored if the element 

is absent or unrecognizable. This scoring system, described 

in Lezak (1983), was adapted by E. M. Taylor (1959) from 

Osterrieth (1944). More specific criteria for determining 

scores on individual elements are provided by Taylor in a 

personal communication to Spreen and Strauss (1991). 

Despite its frequent use, no information is available 

regarding the reliability of this test (Franzen, 1989). 

Interrater reliability has been reported at .94 (Waber & 

Holmes, 1986). Age, educational level, and gender have been 

found to influence REYO performance, with educational level 

as important a variable as age, and performance generally 

better for men (Rosselli & Ardila, 1991). 

In terms of construct validity, King (1981) reported 

that the REYO correlated .28 with the Visual Recall subtest 

of the Wechsler Memory Scale after partialling out the 

effects of age and sex. Taylor (1969) found that it 

discriminated between subjects with left- versus right-

hemisphere temporal lobectomies, though their scores had 

been equivalent prior to surgery. 
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Procedure 

Screening of volunteers, for age and health status, was 

a two-step process accomplished primarily by three 

individuals: a trained female college senior majoring in 

psychology, a male neuropsychologist on staff at the 

Sepulveda VA Medical Center, and a trained male VA 

Psychology Service secretary with a Ph.D. in English. All 

subjects gave voluntary informed consent. 

In Step 1, the Demographic Data Sheet was administered, 

over the phone or in person, by the trained student or the 

investigator, to screen for age (50 to 80 years) and to 

gather other demographic data. Since it involved similar 

information, the Hollingshead-Redlich form (to determine 

socioeconomic status) was given at this time as well. The 

trained student administered the Step 1 interview to the 

majority of the subjects. However, because of the student's 

limited availability, the investigator administered a number 

of Step 1 forms as well (no more than 25% of the final 

subject total). 

For the volunteers who passed age screening in Step 1, 

Step 2 was scheduled. The trained student and the trained 

secretary conducted the Step 2 interviews to assure that the 

investigator remained blind to subjects' health status 

(which was determined in Step 2). An individual face-to-

face meeting was arranged, between the prospective subject 

and either the trained student or the trained secretary, to 
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administer the Human Subjects Consent Form (VA or non-VA, 

depending on the volunteer) and the Mini-Mental State 

Examination (MMSE). 

The MMSE was intended as a global screening measure for 

dementia and other severe neurological impairment. Subjects 

who failed were to be disqualified at that point. However, 

all subjects passed the MMSE and were immediately given the 

Health Screening Questionnaire individually and verbally. 

Some complications occurred in Step 2 of screening. In 

the last few months of data collection, both the student and 

the secretary became unavailable to meet with each volunteer 

personally. Therefore, the student alone continued to 

conduct Step 2 sessions, but in partial form, by telephone. 

That is, she first read the appropriate Human Subjects 

Consent Form to each subject over the phone and received a 

verbal indication that the subject both understood it and 

agreed to sign it at a later time. She then administered 

the complete HSQ, but did not administer the MMSE. Later, 

at the beginning of each actual testing session conducted by 

the investigator, the Consent Form was presented to each of 

these subjects for review and then signed, and the MMSE was 

administered in its entirety. (None of these subjects 

failed the MMSE, either. Therefore, each proceded with the 

testing session as scheduled.) 

The Health Screening Questionnaire served two 

functions. First, it identified individuals whose health 
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status failed to meet the criteria for either of the two 

groups for inclusion in the study. Second, it divided the 

remaining subjects into the two health status groups, normal 

and super healthy. Example: "Have you ever had a stroke?" 

"No" would be acceptable for both super healthy and normal 

groups, "yes" would result in exclusion from the study. 

Table 4 summarizes both functions of the questionnaire by 

indicating specific medical criteria for each health status 

group and for the subjects who were disqualified. 

Health status criteria for the normal group were chosen 

to resemble health status criteria used in normative studies 

as closely as possible. This group included subjects with 

the same chronic systemic illnesses and ailments as those 

admitted to the normative studies, and excluded those with 

neurological, major psychological, and other health problems 

usually screened out by those original investigators. The 

super healthy group was more stringently screened, excluding 

both chronic systemic illnesses as well as the traditionally 

disqualified medical conditions. 

Using the Health Screening Questionnaire, the trained 

student tentatively identified each subject's health status 

as one of the following: normal, super healthy, or 

disqualified. She consulted the neuropsychologist on all 

cases in which health status was uncertain. The 

neuropsychologist arranged to administer the neurological 

examination, a sensitive test rarely used in health status 
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MEDICAL CONDITION 

CARDIOVASCULAR 

Stroke 

TIAs 

High blood pressure 

Heart attack 

Heart surgery 

Atherosclerosis 

NEUROLOGICAL 

Seizures 

Parkinson's Disease 

Alzheimer's Disease 

Huntington's Disease 

Cerebral Palsy 

Multiple Sclerosis 

Encephalitis 

Meningitis 

Brain tumor 

Brain surgery 

ENDOCRINE or METABOLIC 

Diabetes 

Addison's Disease 

Electrolyte imbalance 

Thyroid condition 

Anemia 

CANCER 

Skin cancer 

Other cancer 

RESPIRATORY 

Emphysema 

COPD 

Pneumonia 

TRADITIONAL NORMAL GROUP 

NO 

NO 

QK if controlled 

OK unless followed by 
mental status changes 

NO 

OK unless cleared arteries 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

OK if controlled 

OK If in remission 

OK if not current 

OK if controlled 

OK if controlled 

OK 

OK if diagnosed more 
than 3 years ago, or in 
remission at least 1 yr 

OK unless use home oxygen 

OK unless use home oxygen 

OK unless recent 

SUPER HEALTHY GROUP 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

OK 

OK if diagnosed > 3 
yrs ago or in remis-
sion at least 3 yrs 

NO 

NO 

OK unless recent 

DISQUALIFY 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

If not controlled 

If not in remission 

If current 

If not controlled 

If not controlled 

If diagnosed < 3 
years ago or in 
remission < 1 yr 

If use home oxygen 

If use home oxygen 

If recent 

(Table continues) 
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MEDICAL CONDITION 

Steep apnea 

URINARY 

Kidney disease 

UTI 

DIGESTIVE 

Liver disease 

Bleeding ulcer 

PSYCHIATRIC 

Hospitalization 

Medications 

ECT 

Alcohol 

Drug abuse 

TRADITIONAL NORMAL GROUP 

NO 

OK unless current or 
receiving dialysis 

OK unless current 

OK unless current 

OK if controlled 

OK if more than five 
years ago 

OK unless current 

NO 

OK if not excessive 

OK if more than 5 years ago 
or if never treated 

Learning disability 

HEAD INJURY/LOSS OF CONSCIOUSNESS 

NO 

Head injury 

Other unconscious 

Resuscitation 

SURGERY 

General anesthesia 

IMMUNE SYSTEM 

Lupus 

Rheumatoid arthritis 

AIDS 

CFS, Epstein-Barr 

OTHER 

Venereal disease 

Vision loss 

Hearing loss 

Prescription meds 

OK if did not require overnight 
hospitalization or resulted in 
more than 5 minutes unconscious 

OK if due to surgery or did 
not last more than one hour 

NO 

OK if not followed by 
mental status changes 

lasting more than 1 week 

NO 

NO 

NO 

OK 

OK if not recent 

OK if corrected 
by lenses 

OK if corrected 
by hearing aid 

OK 

SUPER HEALTHY GROUP 

NO 

NO 

OK unless recent 

NO 

NO 

NO 

NO 

NO 

OK if not excessive 

NO 

NO 

NO 

NO 

NO 

OK if not within 6 
months and no mental 

status changes 

NO 

NO 

NO 

NO 

NO 

OK if corrected 
by lenses 

OK if corrected 
by hearing aid 

NO 

DISQUALIFY 

YES 

If current or 
on dialysis 

If current 

If current 

If not controlled 

If < 5 years ago 

If current 

YES 

If excessive 

If < 5 years ago 
or if ever treated 

YES 

If required overnight 
hosp. or resulted in 
> 5 min. unconscious 

If lasted over 1 hour 

YES 

If followed by mental 
status changes lasting 

more than 1 week 

YES 

YES 

YES 

YES 

If recent 

If vision poor though 
corrected by lenses 

If not corrected 
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screening for research, to all candidates for the super 

healthy group. (Normals did not receive neurological 

examinations.) Super healthy candidates wete therefore 

required to pass both the Health Screening Questionnaire 

criteria and the neurological examination. Those who passed 

the Health Screening criteria but failed the neurological 

exam (n = 5) were dropped from the study. Because of 

limited availability of the neuropsychologist, this 

examination was not given until after the main testing 

session, in many cases. 

Early in the data collection process, an omission was 

discovered in the HSQ, and a question regarding tuberculosis 

was added. Any history of tuberculosis excluded subjects 

from the super healthy group, and active cases excluded them 

from the normal group. 

Another question developed regarding hepatitis. Some 

subjects reported having tested positive for hepatitis, but 

had been closely and regularly monitored for development of 

liver disease since that time. Those with current and 

consistently clean liver panels (by their own report) were 

allowed in the normal group. 

After final determination of health status group for 

each subject, the two health status groups were further 

divided into two groups based on a median split of 

chronological age for the entire sample. Thus four 

subgroups were formed for the purpose of analysis. 
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The trained student reported subjects' names and 

telephone numbers to the investigator without revealing age 

or health status information. The investigator scheduled a 

testing session with each subject, in which the battery of 

memory and attentional tests along with measures of general 

intelligence, depression, state anxiety, and general 

cognitive functioning were administered. Each test was 

given to each subject in the following order: 

State-Trait Anxiety Inventory, State Form 

(Spielberger, Gorsuch, & Lushene, 1970) 

Rey Auditory Verbal Learning Test, Trials 1-6 

(Rey, 1941) 

Rey-Osterrieth Complex Figure Test, Copy and 

Immediate Recall (Rey, 1964) 

Brief Test of Attention (Schretlen & Bobholz, 

1992) 

Continuous Performance Test (Loong, 1988) 

Rey Auditory Verbal Learning Test, Trial 7 and 

Recognition Trial 

Rey-Osterrieth Complex Figure Test, Delayed Recall 

and Recognition 

Geriatric Depression Scale (Yesavage, 1983) 

WAIS-R Vocabulary Subtest (Wechsler, 1981) 

The entire battery required approximately one hour to 

complete. Subjects were reminded that feedback on their 

performance would be provided upon request. 
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Procedures for VA and non-VA subjects subjects were 

identical except for the consent form they signed. 

Screening and testing were done by the same individuals, and 

testing took place in the same office on VA grounds, except 

for four subjects, who were unwilling to travel to the VA. 

They were tested either in their homes or at their offices. 



CHAPTER III 

RESULTS 

Preliminary Analyses 

Two preliminary analyses of the data were executed to 

determine the degree of association among the variables 

studied. The first was a correlation matrix, and the second 

was a multivariate analysis of variance (MANOVA) performed 

on the potential covariates to check for differences among 

the four groups. 

Table 5 (Appendix A) presents the correlation matrix 

for 15 variables: two independent variables (age, health 

status), five potential covariates (education, general 

intellectual functioning as measured by vocabulary, 

depression, state anxiety, socioeconomic status) and eight 

dependent variables (memory and attentional test scores). 

Sex was not used as a variable; there were equal numbers of 

males and females in each of the four cells. 

Correlation Matrix 

Table 5 shows both biserial and product-moment 

correlations for age, a continuous variable which was 

dichotomized for use in the main analyses. Product-moment 

correlations were run on the remaining interval level 

variables. 

57 
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The correlation matrix was used to examine the 

interrelationships among the potential covariates, the 

independent variables, and the dependent variables in order 

to help determine which should be retained as covariates in 

the main analyses. The matrix was also used to examine the 

relationships of the dependent variables (individual test 

scores) in the main analyses. 

Among the five potential covariates (education, 

socioeconomic status [SES], state anxiety, depression, and 

vocabulary), SES had a high negative correlation with 

education (-.83). Education level is, in fact, a large 

component of the SES score, and this relationship was 

expected. The correlation between education and SES was 

negative, as anticipated, because of the SES scoring system: 

the higher the SES score, the lower the socioeconomic level. 

Other variables in the matrix correlated about as strongly 

with education as with SES. Consequently, SES was 

considered redundant and eliminated as a covariate in 

further analyses, while education was tentatively retained. 

In examining the relationships of the four remaining 

potential covariates with the independent variables (age and 

health status), age correlated moderately with education 

(Pearson r = -.35, biserial = -.28) and vocabulary (Pearson 

r = -.29, biserial = -.30). As age increased, education and 

vocabulary levels tended to decrease. Health status had a 

moderate correlation with vocabulary as well (.28). 
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In examining the relationships of the four potential 

covariates to the dependent variables (the memory and 

attention test scores), education correlated moderately with 

the two visual memory tests (immediate = .38, delayed = .36) 

and with the verbal test of attention (BTA - .39). 

Vocabulary had moderate correlations with a number of 

dependent variables: all four of the verbal memory tests 

(immediate = .39, final learning trial = .47, delayed = .35, 

recognition = .46), both visual memory tests (immediate = 

.47, delayed = .45), and the verbal attention test (BTA = 

.31). Anxiety and depression correlated less than .25 with 

all the dependent variables. 

A decision was made to retain education and vocabulary 

as covariates because of their moderate correlations with 

age and with many of the dependent variables. Further 

preliminary analyses, to be described later, were used to 

decide whether to retain anxiety and depression as 

covariates. 

In examining the correlations of the dependent 

variables with one another, the two visual memory tests 

(immediate and delayed, REY0.1 and REY0.2) correlated very 

strongly, .95. Thus, only REY0.2, the delayed memory trial, 

was retained for use in the main analyses. REYO.R, the 

recognition memory trial, was a single pass/fail item, 

intended for testing by chi-square analysis. However, since 
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all but two subjects passed this test, this variable was 

dropped. 

Correlations among the four verbal memory test trials 

(immediate, final learning trial, delayed, and recognition) 

were all moderate to high, ranging from .41 to .82. The 

lowest (.41, .49, .53) were between the recognition memory 

trial (AVLT.R) and the other three (immediate, AVLT.l; final 

learning trial, AVLT.5; and delayed memory, AVLT.7). The 

highest, .82, was between the final learning trial (AVLT.5) 

and delayed memory (AVLT.7). 

The three most highly intercorrelated verbal memory 

trials (AVLT.l, AVLT.5, AVLT.7) were viewed at this point as 

repeated measures. It was decided to enter them into a 

univariate analysis of covariance with repeated measures 

(ANCOVA) in the main analyses, and that the remaining verbal 

memory test, AVLT.R, should be analyzed in a separate ANCOVA 

in the main analyses. 

One of the three highly intercorrelated verbal memory 

trials was chosen for use in a multivariate analysis in the 

main analyses. AVLT.7, delayed verbal memory, was deemed 

most appropriate for two reasons: it had high correlations 

with the other trials, and the visual memory test chosen was 

also a delayed trial. 

In summary, examining the correlation matrix resulted 

in three decisions regarding the main analyses. One 

potential covariate (SES) was rejected while two others were 
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retained (education and vocabulary), and one of the visual 

memory trials (REY0.1, immediate memory) was deemed 

redundant and discarded while the delayed visual memory 

trial (REY0.2) was retained. 

The third decision was that the main analyses would 

consist of three parts, a multivariate analysis (MANCOVA) 

and two sets of univariate analyses (ANCOVA). The MANCOVA 

included four measures: one of the four verbal memory 

trials (AVLT.7, delayed memory), plus the delayed visual 

memory, verbal attention, and visual attention test scores. 

Delayed verbal memory (AVLT.7) was chosen in order to 

parallel the delayed visual memory trial (REY0.2) previously 

selected. 

The second part of the analyses consisted of an ANCOVA 

performed on three of the four verbal memory trials (AVLT.l, 

AVLT.5, AVLT.7), which were viewed as repeated measures, 

more appropriate for a separate univariate analysis. The 

third part of the analyses consisted of an ANCOVA performed 

on the fourth verbal memory trial (AVLT.R). The score on 

the recognition trial of the Rey-Osterrieth Complex Figure 

Test, which is a single pass/fail item, was not subjected to 

formal analysis because all but two of the 64 subjects 

passed. 

MANOVA for the Covariates 

As part of the preliminary analyses, a 2 (younger vs. 

older age groups) x 2 (normal vs. super healthy groups) 



62 

MANOVA was performed on the four potential covariates in 

order to further refine which of these four variables should 

be retained as covariates in the main analyses. Means and 

standard deviations for the four covariates in this analysis 

are presented in Table 6. 

No significant main effects for health or age emerged, 

but the health by age interaction was significant (F = 3.08, 

df = 4,57, e < .05). Inspection of the univariate £ tests 

revealed depression as the significant variable in this 

interaction (F = 2.87, df = 4,57, e < .05). Depression was 

retained as a covariate in addition to education and 

vocabulary. (Depression was highest in the older super 

healthy*group and in the younger normal group.) Table 7 

(Appendix A) presents the summary data for the MANOVA. 

State anxiety was not a statistically significant 

variable, in either the correlational analysis or the 

MANOVA. It was therefore dropped as a covariate, while 

education, vocabulary, and depression were retained as the 

three covariates for all of the main analyses. 

Main Analyses on Project Hypotheses 

Two hypotheses were tested in the current study. The 

first made a prediction regarding the effect of health 

status on cognition, while the second made a prediction 

regarding the effect of the age by health status interaction 

on cognition. Each hypothesis was tested in three stages, 

using two separate analyses in each stage. 
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Stage 1 employed a MANCOVA on four of the previously 

chosen dependent variables: verbal and visual delayed 

memory and verbal and visual attention. Stage 2 used an 

ANCOVA with repeated measures on three of the verbal memory 

scores: immediate memory (AVLT.l), final learning trial 

(AVLT.5), and delayed,memory (AVLT*7). Stage 3 utilized an 

ANCOVA on the verbal recognition memory score alone 

(AVLT.R). Covariates in each analysis were education, 

vocabulary, and depression. In each stage, exploratory 

analyses were conducted in order to examine the results 

without adjustment for the covariates. 

Hypothesis 1: Effect of Health Status on Cognition 

Hypothesis 1 predicted that health status would effect 

cognition. Specifically, the super healthy group (older and 

younger) was predicted to perform significantly better on 

tests of memory and attention than the normal group. 

Stage 1: Attention and Memory Tests 

A 2 (younger vs. older age groups) x 2 (normal vs. 

super healthy groups) MANCOVA was conducted on the verbal 

and visual delayed memory and verbal and visual attention 

scores, using education, depression, and vocabulary as 

covariates. The second part was an identical 2 x 2 MANOVA 

on the same four dependent variables, run without 

covariates. 

Table 8 presents the means, standard deviations, and 

adjusted means for the memory and attention tests. No 
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significant main effect for health status emerged, whether 

adjusting for the covariates (F = .16, df = 4,54, p > -05), 

or without covariates (F = .59, df = 4,57, p > ,05). No 

support for Hypothesis 1 emerged in this first stage of 

analysis (see Tables 9 and 10, Appendix A). 

Additionally, no multivariate effect for age emerged in 

the MANCOVA (F = .73, df = 4,54, p > .05) or the MANOVA (£ « 

1.71, df = 4,57, p > .05). Exploratory ANOVAs yielded a 

significant F value (F = 4.61, £f = 1,60, p < .05) for age 

on the verbal attention test (BTA). Although the 

implications of this result are dubious in light of the 

insignificant multivariate F, the younger subjects 

outperformed the older subjects on the BTA when covariates 

were dropped from the analysis. 

Stage 2: Verbal Memory Tests 

A 2 (younger vs. older age groups) x 2 (normal vs. 

super healthy groups) x 3 (verbal memory trials) ANCOVA with 

repeated measures on the trials factor was conducted using 

education, vocabulary, and depression as covariates. 

Observed means and standard deviations are presented in 

Table 11. No significant main effect for health status 

emerged to support Hypothesis 1 (F = 1.49, df = 1,57, p > 

.05) when covariates were employed. See Table 12 (Appendix 

A) for summary data. 

Additionally, no difference was found between the older 

and younger groups (£ = .77, df = 1.57, p > .05). However, 
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a highly significant main effect emerged for memory trial (F 

= 219.52, <|£ = 2,120, p < .001), which was expected. 

Regardless of ageor health status group, performance 

differed significantly across immediate memory,1 final 

learning and delayed memory trials. Inspection of the 

observed cell means (Table 11) shows the fluctuation of 

scores: considerable improvement from the immediate memory 

trial to the fifth and final learning trial, and then a 

small drop from the final learning trial to the delayed 

memory trial. 

An exploratory 2 (younger vs. older age groups) x 2 

(normal vs. super healthy groups) x 3 (verbal memory trials) 

ANOVA with repeated measures on the last factor was 

performed. Cell means and standard deviations are presented 

in Table 11. Removal of the covariates indicated a 

significant health status difference (F = 4.45, df = 1,60, p 

< .05). (See Table 13, Appendix A.) The super healthy 

outperformed the normals on verbal memory when scores were 

unadjusted for education, depression, and vocabulary, 

supporting Hypothesis 1 in this part of the analysis. As in 

the ANCOVA, there was a similar significant main effect for 

memory trials (£ - 219.52, df = 2,120, p < .001), and no age 

effect (£ = 1.67, df = 1,60, p > .05). 

In summary, no differences were found between the 

normal and the super healthy in three aspects of verbal 

memory (immediate memory, fifth learning trial, and delayed 
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memory) when scores were adjusted for differences across 

subjects in education, vocabulary, and depression. However, 

without adjusting for the effects of education, vocabulary, 

and depression, the super healthy outperformed the normals 

on verbal memory. 

Stage 3; Verbal Recognition Memory 

A 2 (younger vs. older age groups) x 2 (normal vs. 

super healthy groups) ANCOVA was performed on verbal 

recognition memory (AVLT.R) using education, depression, and 

vocabulary as covariates. A parallel 2 x 2 ANOVA was also 

conducted on the same dependent variable, without 

covariates. 

Table 14 presents the means, standard deviations, and 

adjusted means for the AVLT.R. No significant main effect 

for health status emerged, whether adjusting for the 

covariates (F = .25, df = 1,57, p >.05), or without 

covariates (F = 1.35, ££ = 1,60, p > .05). Therefore, 

Hypothesis 1 was not supported in this third stage of 

analysis (see Tables 15 and 16, Appendix A). 

No age effect emerged when covariates were employed (F 

= 1.21, d£ = 1.57, p > .05). However, the main effect for 

age did approach significance (F = 3.19, df = 1#60, p = .08) 

in the exploratory second analysis. Younger subjects tended 

to outperform older subjects on verbal recognition memory 

when covariates were dropped. 
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Hypothesis 2: Effect of "the Age by Health Status 

Interaction on Cognition. 

Hypothesis 2 predicted an interaction between age 

groups and health status. Within the super healthy group, 

no difference in performance between the older and the 

younger subjects would emerge, while in the normal group, 

the younger subjects would outperform the older subjects. 

Stage 1: Attention and Memory Tests. 

A 2 (younger vs. older age groups) x 2 (normal vs. 

super healthy groups) MANCOVA was performed on the four 

dependent variables (verbal and visual delayed memory and 

verbal and visual attention) using education, depression, 

and vocabulary as covariates. The second part was a similar 

2 x 2 MANOVA without covariates. 

Table 8 presents the means, standard deviations, and 

adjusted means for the memory and attention tests. No 

significant age by health status interaction emerged, in the 

MANCOVA (F = 1.64, df = 4,54, £ > .05) or the MANOVA (F = 

.65, df = 4,57, e > *05), so Hypothesis 2 was not supported 

in this first stage of the analysis (see Tables 9 and 10, 

Appendix A). 

Exploratory ANCOVAs yielded a significant F value (F = 

5.57, df = 1,56, p < .05) for the age by health interaction 

on one of the four measures, the test of verbal attention 

(BTA). Although the implications of this result are 

uncertain in light of the nonsignificant multivariate F, the 



72 

younger super healthy subjects outperformed both the older 

super healthy subjects and the younger normal subjects on 

the BTA when scores were adjusted for education, vocabulary, 

and depression. 

Stage 2: Verbal Memory Tests 

A 2 (younger vs. older age groups) x 2 (normal vs. 

super healthy groups) x 3 (verbal memory trials) ANCOVA with 

repeated measures on the last factor (immediate memory, 

final learning trial, and delayed memory) was conducted 

using education, vocabulary, and depression as covariates. 

The second part consisted of a similar 2 x 2 x 3 ANOVA 

without covariates. 

Table 11 presents the means and standard deviations for 

the verbal memory tests. No significant age by health 

status interaction emerged for the ANCOVA (Z = .14, df = 

1,57, p > .05) or the ANOVA (F - .30, df = 1,60, e > .05), 

so Hypothesis 2 was not supported in this second stage of 

analysis (see Tables 12 and 13, Appendix A). 

Stage 3: Verbal Recognition Memory 

The first part of Stage 3 was a 2 (younger vs. older 

age groups) x 2 (normal vs. super healthy groups) ANCOVA on 

verbal recognition memory (AVLT.R) using education, 

depression, and vocabulary as covariates. The second part 

was a similar 2 x 2 ANOVA conducted on the same dependent 

variable, without covariates. 
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Table 14 presents the means, standard deviations, and 

adjusted means for the AVLT.R. No significant age by health 

interaction emerged, whether adjusting for the covariates (£ 

= .07, df = 1,57, E > .05) or without covariates (£ = .44, 

df = 1,60, E > .05). Therefore, Hypothesis 2 was not 

supported in this third stage of analysis (see Tables 15 and 

16, Appendix A). 

Summary 

Table 17 presents a summary of the findings on the two 

hypotheses in each stage. Hypothesis 1, which predicted a 

main effect for health status, found no support in any of 

the analyses in which covariates were employed, and no 

support in two of the three analyses without covariates. It 

was upheld only in the analysis of verbal memory tests using 

no covariates. Hypothesis 2, which predicted a particular 

interaction of age and health status, found no support in 

any of the analyses, with or without covariates. 
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Summary of Findings 
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STAGES 
HYP 1 

SUPER HEALTHY 
VS. NORMALS 

HYP 2 
HEALTH STATUS 

VS. AGE 

STAGE 1: 

MEMORY & ATTENTION 

(MANCOVA) 

Not 
Supported 

Not 
Supported 

Exploratory 

(MANOVA) 
Not 

Supported 
Not 

Supported 

STAGE 2: 
VERBAL MEMORY 

(ANCOVA) 
Not 

Supported 
Not 

Supported 

Exploratory 

(ANOVA) SUPPORTED 
Not 

Supported 

STAGE 3: 
VERBAL RECOGNITON 
MEMORY 

(ANCOVA) 
Not 

Supported 
Not 

Supported 

Exploratory 

(ANOVA) 
Not 

Supported 
Not 

Supported 



CHAPTER IV 

DISCUSSION 

This study investigated the influences of age and 

health status on verbal and visual memory and on verbal and 

visual attention. A rigorous and detailed self-report of 

health status plus a standard neurological examination were 

used to screen and divide subjects into two health status 

groups: normal and super healthy. It was speculated that 

the strong effect of age on memory and attention performance 

which has commonly been found among the elderly would be 

diminished with more restrictive control over health status. 

Specifically, age was expected to significantly affect 

performance in the less healthy group alone. Also, the 

super healthy were expected to outperform the normals, 

regardless of age. 

Contrary to prediction, the super healthy did not 

outperform the normals, at least not when scores were 

adjusted for three covariates: vocabulary, education, and 

depression. However, in exploratory analyses in which the 

covariates were dropped, the super healthy did outperform 

the normals on one memory index involving verbal memory 

trials (Rey AVLT). Speculatively, the combined influences 

of education, depression, and vocabulary may account for 

75 
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this difference between the two health status groups-

Vocabulary level, which showed the strongest association 

with the dependent measures, was higher in the super healthy 

than in the normal group. 

Most other studies have compared healthier samples with 

existing norms, and focused on the relationship of age and 

performance. However, Willis et al. (1988} did compare two 

samples differing on health status (relatively healthy and 

relatively unhealthy). Willis et al. showed that frontal 

lobe test performance was related to health status, but 

failed to establish a link with memory. Further, in their 

multivariate analysis, neither memory nor frontal lobe 

scores produced a health status main effect. The current 

study's failure to demonstrate a relationship between health 

status and performance measures of memory and attention is 

consistent.with Willis et al. While the findings from 

Willis et al. and the present investigation fail to 

challenge traditional findings in the literature, a lack of 

findings regarding age in the current study is surprising 

and intriguing, and may indicate the value of rigorous 

screening in studies of this type. 

Interaction between age and health status was predicted 

to affect outcome criteria. Because of stricter screening 

criteria,fno difference was expected between the older super 

healthy and the younger super healthy, while the younger 

normals were predicted to significantly outperform the older 
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normals because of their less than optimal health status. 

Evidence for this interaction did not emerge in any 

analysis, with or without covariates. In fact, no age 

difference was found within either health status group 

individually. Stricter screening may have prevented the 

predicted age difference in the super healthy group. 

However, the less strictly screened normal group also failed 

to exhibit the effect of age found so consistently in the 

literature, even in recent studies using healthier samples. 

While no specific prediction was made regarding the 

effect of age across both health status groups combined, it 

was expected that the unusually rigorous health screening 

process applied to the super healthy group would attenuate 

any differences between combined age groups. As expected, 

no overall age effect emerged, with or without covariates. 

This failure to find any significant age effects, 

especially in the normal health status group, is curious. 

All seven studies reviewed in the relevant literature found 

age-related decrements in their healthier samples, although 

to a lesser degree than the norms. Four of those seven used 

correlational methods to assess age-related deficits. The 

other three employed methods similar to ours (analyses of 

variance) to compare age groups. 

Willis et al. (1988), for example, who actually 

compared two health status groups, also divided their sample 

into three age groups (65-69, 70-74, and 75-79) and found a 
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significant age effect on memory, across both health status 

groups combined. No age by health status interactions were 

found. As mentioned earlier, these two health status groups 

("relatively healthy" and "relatively unhealthy") might not 

have differed sufficiently in terms of health. Evidently 

their criteria for health status were not sufficient to 

either negate the main effect of age or to produce an age by 

health status interaction. 

Haaland et al. (1983) divided their subjects into four 

age groups (65-69, 70-74, 75-79, and 80+). Their sample was 

roughly the same as Willis et al.'s, using the same health 

screening criteria, except that no comparison was made 

between the "relatively healthy" and "relatively unhealthy." 

It is unclear, but presumably Willis et al. made their 

health status group distinction based on health problems 

that surfaced over the five-year course of the study, while 

Haaland et al. examined the entire group at the beginning of 

the investigation, when all were considered "healthy." 

Haaland et al. reported a significant age effect, with 

specific differences in immediate verbal memory and both 

immediate and delayed visual memory contributing to the 

effect. 

Koss et al. (1991), who provided a detailed list of 

subject exclusion criteria, apparently screened more 

thoroughly than Willis et al. and Haaland et al., who were 

less specific regarding their exclusionary criteria. In 
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addition to medical history, physical exams, and lab tests 

such as those used by Willis et al. and Haaland et al. to 

screen subjects, Koss et al. also administered 

electrocardiograms (ECGs), electroencephalograms (EEGs), 

chest x-rays, and the especially stringent measure of 

computer tomography (CT) scans, although it is not clear 

whether these tests were used as screening criteria. Their 

subjects were divided into four age groups (21-34, 35-54, 

55-69, and 70-92). Using an age by sensory modality by 

memory test repeated measures design, Koss et al. found a 

significant effect for age as well as an age by sensory 

modality interaction, indicating that memory for 

visuospatial material declined more with age. 

Although these investigations (Haaland et al., 1983; 

Koss et al., 1991; Willis et al., 1988) are more rigorous 

studies, all three found effects for age, despite their 

efforts to screen healthier samples. Several factors may 

account for, or contribute to, the lack of similar findings 

in the current study. One such factor may explain not only 

the current study's failure to find differences between age 

groups, but its failure to find differences between health 

status groups as well. While the present super healthy 

sample was screened using extremely strict cutoffs on our 

detailed self-report measure and was also required to pass a 

neurological examination, the normal group may actually have 

been "too healthy" to provide adequate contrast. 
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The objective of this study was to closely scrutinize 

elderly samples resembling those drawn in normative studies 

and to "subdivide" that pool, contrasting the genuinely 

healthy component with the "contaminants." Chief <tmong 

those contaminants in terms of probable effect upon 

cognitive performance were chronic systemic illnesses, such 

as diabetes and hypertension. Therefore, our normal group 

included, but was not restricted to, individuals with 

diabetes and hypertension (and only those whose conditions 

were controlled by either diet or medication or both). 

Actual inspection of the normal group's individual Health 

Status Questionnaires reveals that only about one-third (13 

of 38) claimed to have either hypertension or diabetes or 

both: 9 of the 22 older normals, and 4 of the 16 younger 

normals. 

As a point of rough comparison, the incidence of 

hypertension and diabetes in our normal group is near or 

below the 1992 national prevalence rates. Nine percent of 

the older normals (64-80 years old) were diabetic, compared 

to a nationwide prevalence rate of 11% in people over 65. 

Both the older normals and the corresponding national group 

indicated hypertension at the rate of 36%. None of the 

younger normals (50-63 years old) were diabetic, compared to 

a rate of 6% for a national sample 45-64 years old. Twenty-

five percent of the younger normals had hypertension, 

compared to 23% of the corresponding national group (Vital 
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and Health Statistics Series: Current Estimates from the 

National Health Interview Survey. 1992. 1994)^ 

The 25 "normal" subjects with neither diabetes nor 

hypertension were excluded from the super healthy group by a 

range of other medical complaints. A few were screened out 

of the super healthy group because of severe conditions such 

as history of heart attack or liver disease. However, many 

would have fallen into the super healthy category except for 

one or two minor self-report criteria such as history of 

fainting, minor thyroid irregularity, an isolated episode of 

heavy drinking many years earlier, a minor bump on the head, 

or history of vitamin deficiency. Beyond these 

considerations, since normals did not receive neurological 

examinations, it is unknown if they would have passed that 

criterion. 

It appears, then, that our normal group may have been 

healthier than expected. Although the normal group probably 

is representative of the normative samples with the 

healthiest members removed, it does not isolate nor may it 

accurately represent the most influential "contaminants" in 

the normative samples. It seems that, by virtue of our 

strict cutoffs for the super healthy, the normative groups 

were actually composed of three theoretical sub-groups: the 

very healthy, the chronically ill, and the in-between. Our 

normal sample would thus be drawn from the latter two 

groups. If the in-between group was overly represented, it 
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could theoretically disallow for adequate discrimination 

between the two health status groups and the two "normal" 

age groups. 

Had the super healthy group been compared to a 

homogeneous group composed of chronic systemic illness 

sufferers, greater contrast might have been achieved while 

still remaining within the normal group's original 

parameters. The "contaminants" within the normative samples 

would have been better isolated for the purpose of 

comparison. This may be a fruitful direction for future 

study. For example, a replicative study might recategorize 

health status into three groups. Super healthy would be 

defined as in the current study. The current study's normal 

group would be subdivided into the chronically ill and the 

in-between. Review of the literature suggests that the 

chronically ill might be characterized as individuals 

suffering from controlled hypertension, diabetes, and heart 

disease, or some combination of the three. 

Our two health status groups may not have been as 

diverse or distinct as originally conceived or intended for 

a second reason. While the super healthy group seemed quite 

healthy, having undergone a neurological examination not 

usually employed in health screenings, it is possible that 

an even healthier group might have been assembled. 

There is evidence that, beyond absence of ill health, a 

higher fitness level preserves cognitive functioning. 
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found that fitness level was a confound in their study 

comparing reaction time between elderly and younger 

subjects. Clarkson-Sffiith and Hartley (1990) found that 

exercise contributed to cognitive performance in men and 

women aged 55-91; and Shay and Roth's (1992) findings 

suggested that participation in aerobic exercise selectively 

preserves some cognitive functions that normally decline 

with age, most notably those requiring visuospatial 

processing. One possible explanation is that, over time, 

physical inactivity among neurologically normal elderly 

individuals is associated with significant declines in 

cerebral blood flow (Rogers, Meyer, & Mortel, 1990). 

Other aspects of the health domain, such as physical 

fitness, may therefore be a material influence for memory 

and attention. Fitness level was not assessed, either 

objectively or subjectively, but casual observation of all 

the subjects in this study suggested that few if any of them 

were very active physically. Future research might assemble 

an even more elite group of healthy elderly than our super 

healthy group by seeking out those with at least moderate 

levels of physical fitness in addition to absence of disease 

and negative history of head injury. 

Other possibilities emerge for the general lack of 

evidence for this study's hypotheses. For example, the 

overall sample was relatively small (N = 64). The four cell 

samples were smaller than optimal as well, especially the 
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samples were smaller than optimal as well, especially the 

older super healthy group (n = 10). Extremely healthy older 

individuals, particularly males, were difficult to find, 

while older normal (relatively unhealthy) individuals were 

the most abundantly available (n = 22). Given the 

limitations of the current investigation, if sample size had 

been increased, more favorable results might have emerged. 

The current study also suggests that use of vocabulary, 

education, and depression as covariates may modulate the 

influence of both health status and age. We found that the 

variables employed as covariates did not vary strikingly 

between health status or age groups. In fact, only one 

factor, depression, was significant in a multivariate 

analysis. However, vocabulary and education did correlate 

strongly with the dependent variables. Had scores not been 

adjusted for the covariates, significant results would have 

emerged for health status on verbal memory. A stronger 

(though still nonsignificant) age effect would have emerged, 

as well (E = .16, .20, and .08, instead of p = .57, .38, and 

.28). As it was, the effect of the covariates overwhelmed 

the effect of both health status and age. 

None of the studies we reviewed examined the influence 

of these covariates as carefully, if at all. It appears to 

us that the effect of these covariate variables is being 

overlooked in the literature. For example, Willis et al. 

(1988) made no mention of testing for covariate effects, 
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although such procedures are mentioned in Haaland et al. 

(1983), which used largely the same sample as Willis. 

Haaland et al. performed separate one-way ANOVAs on income 

and education (not on vocabulary or IQ, state anxiety, or 

depression), but no differences emerged between age groups. 

Results were comparable in the current investigation, where 

only depression was found significant in that type of 

analysis. 

Stronger influences were noted in correlational 

analyses. Haaland et al. found, as we did, significant 

correlations between the dependent variables and both income 

and education. As a result, Haaland et al. performed two 

separate exploratory ANCOVAs on their data, using one 

covariate in each ANCOVA. They reported "a pattern of 

significance similar to that reported for the ANOVAs," and 

concluded "therefore it is considered unlikely that either 

income or education was responsible for the aging effect" 

(Haaland et al., 1983, p. 880). When the present study 

included all significant covariates (vocabulary, education, 

and depression) simultaneously, the effects of both age and 

health status were diminished. Haaland et al., in examining 

the correlational relationships among variables (potential 

covariates and dependent variables) in addition to 

differences between groups on their potential covariates, 

was the most intensive investigation of covarying factors 

reported in the seven studies we reviewed. 



86 

The influence of covariates on the age effect may be 

much more meaningful than previously considered. There is 

great variability from study to study on which factors are 

considered and how they are tested for significance. 

Perhaps important sources of variation and confound may have 

been routinely overlooked as a result. For example, Willis 

et al. (1988), Haaland et al. (1983), Haxby et al. (1986), 

and Koss et al. (1991) did not investigate the influence of 

vocabulary or IQ in their studies, while we found that 

vocabulary, which correlated more highly with more of the 

dependent variables than either education or depression, was 

the most influential covariate of all. 

Other important factors were overlooked as well. None 

of the seven studies reviewed earlier examined the influence 

of depression, a cognition-influencing factor prevalent in 

the elderly, which we found was not randomly distributed 

across the design in our investigation. Only four 

considered education as a possible covariate. (Two others 

simply noted that education did not correlate with age.) 

Three of those four reported that the age groups did not 

differ significantly on education when tested by 

multivariate analyses or t-tests, and rejected education as 

a covariate. The fourth rejected education as a consequence 

of "eyeballing" a table. 

Among the same four studies, three considered IQ as a 

potential second covariate in addition to education, and one 
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considered income in addition to education. However, 

neither IQ nor income varied significantly between age 

groups in the respective studies, and were rejected as 

covariates. 

These reports of nonsignificance were determined 

through analyses of variance, rather than correlation 

matrices, as Haaland et al. and the present study report. 

It therefore seems possible that other overlooked or 

untested, yet important, factors have influenced some of the 

age-significant findings in the cognition literature. It is 

unclear to what extent the traditional age effect, reported 

throughout the literature on cognition, may be influenced by 

uncontrolled factors such as these. 

Results of the present study have several implications. 

One relates to the concept of the "normal aging process," 

which presumes cognitive decrements with age, independent of 

pathology. However, when subjects were screened with 

unusual rigor in this study, no significant age effects 

emerged, with or without covarying education, vocabulary 

level, and depression. Memory and attention may not, 

therefore, diminish with age as much as previously thought. 

The process of growing older may always include a greater 

probability of becoming ill, but our findings suggest that 

maintaining health as one ages may preserve memory and the 

ability to sustain attention. 
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Educating and motivating adults about the benefits of 

good health habits (e.g., smoking cessation, lowering 

dietary fat, improving physical fitness) is a strong trend 

in the United States today. These efforts, with their 

emphasis on prevention, may contribute positively to 

maintain the mental functioning of the increasing numbers of 

the aging population. If such is the case, the older norms 

of cognitive measures may become less useful to index the 

effects of aging on mental functioning. Performance of 

optimal or super healthy elderly may provide a better 

criterion by which to gauge mental functioning of the 

elderly. 

The present subject selection procedures may also have 

implications for the ways in which research in aging and 

cognition is conducted. Subject screening methods vary from 

self-report with no qualifying objective tests, to standard 

medical histories and physicals conducted by a physician 

along with standard lab tests, to such sophisticated and 

expensive, yet thorough, measures as CT scans and MRIs. 

However, regardless what methods are employed, the cutoffs 

that define subjects as "healthy" must be strict. Host of 

the research reviewed in earlier sections used more in-depth 

objective testing than we did, but may have been too liberal 

regarding allowances for their "healthy" categories. 

Others, such as Van Gorp et al. (1990) and Mitrushina & 

Satz (1991), used only self-report and obtained significant 
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results. However, self-report alone may be suspect. In the 

present study, several problems were noted in the self-

report of physical illness. 

Subjects may be in denial of physical illness, or 

simply wish to appear healthy. At least one volunteer in 

our study deliberately denied a history of treatment for 

alcohol abuse, but was later dropped from the study after 

reporting to the testing session in a semi-inebriated state 

and admitting several days later that he had lied on the 

health status questionnaire. 

Misrepresentation of health status may also result from 

faulty recall, especially in elderly individuals, who are 

asked to remember details of illnesses and injuries of many 

decades past. One subject reported having had tuberculosis 

in World War II, which disqualified him from the super 

healthy group until his wife reminded him it was malaria he 

had suffered instead of tuberculosis. 

The difficulties we encountered in establishing health 

status by relying on self-report alone are common to all 

cognitive research, especially in the elderly. The norms 

are particularly suspect for that reason. Unsuitable 

subjects could easily have contaminated the normative 

samples because of the difficulties involved in self-report 

assessment. 

One aim of this project was to test the efficacy of 

replacing expensive, time-consuming examinations and tests 
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with a detailed and comprehensive, but relatively quick and 

inexpensive, self-report measure (the Health Status 

Questionnaire) supported by brief, noninvasive objective 

measures. The Mini-Mental State Examination (MMSE), a brief 

global screening test for dementia and neurological 

impairment, was administered, but every potential subject 

passed it. Consequently, it contributed nothing to the 

screening of either group. 

A second, more rigorous neurological examination was 

individually administered to all candidates for the super 

healthy group. Five potential subjects were dropped due to 

indications of neurological impairment, although they did 

not report such problems on the HSQ. The combination of the 

detailed HSQ, in which we set high self-report cutoffs for 

super healthy, plus the standard neurological examination, 

which eliminated a few subjects who were incorrectly 

classified by their self-report, appears to have identified 

a genuinely healthy group. Whether their health status is, 

in fact, comparable to that of a group screened by CT scan 

or MRI remains speculative, however, and future research 

might attempt such a comparison. 

In recommending higher cutoffs in screening healthy 

elderly subjects for research in cognition, one must keep in 

mind that results become less generalizable as the group 

becomes more elite in terms of health. However, sacrificing 

the ability to generalize is somewhat beside the point when 
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the intention is to isolate a pure, genuinely healthy 

sample. In such a case the goal is to determine what 

cognitive deficits, if any,, would accompany aging if the 

deleterious effects of disease processes could be totally 

eliminated. Since assembling a perfectly healthy group is 

impossible, the best approximations would come with the 

strictest possible standards. 

Less strict criteria are more appropriate for norms, if 

one wishes to compare cognitive performance to that of a 

group of peers. However, a set of "healthy" norms should be 

established (in addition to a more general set, perhaps) 

which rejects subjects with the more serious of the health 

problems included in older norms, including heart disease, 

diabetes and hypertension. If the elderly do actually 

become healthier as a group in future years, general norms 

themselves may need to be revised. 

ft 
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Tab le 2 

Sub jec t D i s t r i b u t i o n 
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AGE NORMAL MALES NORMAL FEMALES SUPERHEALTHY MALES SUPERHEALTHY 

80 X X X 

79 X 

78 X X 

77 X 

76 

75 X X 

74 

73 XX 

72 XX X XX 

71 X X 

70 X X X 

69 

68 X XX X 

67 X X 

66 X XX 

65 X 

64 X 

63 X X X 

62 XX X X 

61 X X 

60 XX 

59 XX XX 

58 XX XX 

57 X 

56 X XX XX 

55 

54 X X X 

53 XX 

52 X 

51 

50 X 
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Table 7 

MANOVA for Education, Depression,.. 
Anxiety, and Vocabulary Covariates 

Source df £ E 

Age 4,57 1.51 .21 

Health 4,57 1.63 .18 

Age X Health 4,57 3.08 .02* 

Note. Multivariate analysis used Wilk's criterion. 
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Table 9 

MANCOVA for Verbal and Visual Delayed 
Memory and Verbal and Visual Attention 

Source df Z E 

Age in
 .73 .57 

Health 4,54 .16 .96 

Age X Health 4,54 1.64 .18 

Note. Multivariate analysis used Wilk's criterion. 
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Table 10 

MANOVA for Verbal and Visual Delayed 
Memory and Verbal and Visual Attention 

Source df E 

Age 4,57 1.71 .16 

Health 4,57 .59 .67 

Age X Health 4,57 .65 .63 

Note. Multivariate analysis used Wilk's criterion. 



98 

Table 12 

ANCOVA with Repeated Measures for Three Verbal Memory Trials 

Source df MS £ 

Between subiects 57 

Age 1 9. .11 .77 

Health 1 17, .50 1.49 

Age X Health 1 1 , .67 .14 

Subj. w. Groups 54 11. .77 

Within subiects 120 

Memory Trial 2 493. .24 219.52* 

Age X Memory Trial 2 « .09 .04 

Health X Memory Trial 2 4 .26 .12 

Age X Health X Memory Trial 2 4 .75 .33 

Memory Trial x 112 2. .25 
Subj. w. Groups 

*E < .001 
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Table 13 

ANOVA with Repeated Measures for Three Verbal Memory Trials 

Source df MS z 

Between subiects 60 

Age 1 22.18 1.67 

Health 1 58.97 4.45* 

Age X Health 1 3.96 .30 

Subj. w. Groups 57 13.24 

Within subiects 110 

Memory Trial 2 493.24 219.52** 

Age X Memory Trial 2 .09 .04 

Health X Memory Trial 2 .26 .12 

Age x Health x Memory Trial 2 .75 .33 

Memory Trial x 112 2.25 
Subj. w. Groups 

*E < -05 **E < .001 



Table 15 

ANCOVA for Verbal Recognition Memory 

100 

Source df E 

A9 e 1,57 1.21 .28 

Health 1,57 .25 .62 

Age x Health 1,57 .07 .79 



Table 16 

ANOVA for Verbal Recognition Memory 
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Source df 

Age 1,60 3.19 .08 

Health 1,60 1.35 .25 

Age x Health 1,60 .44 .51 
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HUMAN SUBJECTS CONSENT FORM 

I, i , agree to participate in a 
research study that investigates attention and memory skills. 
The purpose of the study is to discover more about how aging 
affects those skills in normal, healthy individuals. Information 
obtained from this research will add to the fund of general 
information on aging and cognition. 

In participating in this study, I agree to spend about two to 
three hours with an experimenter. I will be asked basic 
questions about my age, education, etc., followed by specific 
questions about my medical history. The bulk of my time will be 
spent taking a number of memory and learning tests which will 
involve recalling words and pictures and numbers that the 
experimenter presents to me, answering questions about my general 
mood, and other similar tasks. I may be asked to undergo a 
standard noninvasive neurological examination, involving the 
testing of my reflexes, sensory and motor functions, 
coordination, etc. Such an examination, if administered, will be 
conducted by a qualified neuropsychologist or neurologist. 

I understand that the procedures do not involve any physical 
exertion, nor any exposure to drugs or chemicals. Some subjects 
may find the tests difficult and therefore stressful. However, 
there is no personal risk involved, and most people experience no 
discomfort. Should I become tired, I may take a break or 
reschedule part of the testing. I may withdraw from the study at 
any time without prejudice. 

There are no known direct benefits to participating in this 
study, but I will be given feedback on my test results later on 
if I request it. If I have any questions or problems that arise 
in connection with my participation in this study, I should 
contact Rebecca Orchard, M.S., at (310) 549-4753. 

The results of this study may be published, but neither my name 
nor my identity will be revealed, and my records will remain 
confidential unless disclosure of my identity is required by law. 
I have read the above and understand it, and hereby consent to 
the procedures set forth. 

Date Signature of Participant 

Date Signature of Investigator 

THIS PROJECT HAS BEEN REVIEWED BY THE UNIVERSITY OF NORTH TEXAS 
COMMITTEE FOR THE PROTECTION OF HUMAN SUBJECTS (817-565-3940). 
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HUMAN SUBJECTS CONSENT FORM 

(Addendum to VA Form 10-1086) 

Sepulveda VA Medical Center 
Sepulveda, CA 91343 

DATE: 2/12/93 

RESPONSIBLE INVESTIGATOR: Steven Ganzell, Ph.D. 

COINVESTIGATOR: Rebecca Orchard, M.S. 

TITLE OF PROTOCOL: Memory and Attention in the Healthy Elderly 

1) I have been asked to participate in a research study that 
investigates attention and memory skills. 

2) In participating in this study, I agree to spend about two 
to three hours, in total, with an experimenter. I will be 
asked basic questions about my age, education, etc., and 
continue with specific questions about my medical history. 
The bulk of the time will be spent taking a number of fairly 
brief memory and learning tests which will involve recalling 
words and pictures and numbers that the experimenter 
presents to me, answering questions about my general mood 
and other similar tasks. I may be asked to undergo a 
standard noninvasive neurological examination, involving the 
testing of my reflexes, sensory and motor function, 
coordination, etc. Such an examination, if administered, 
will be performed by a qualified neuropsychologist or 
neurologist. 

DATE 
SUBJECT OR RESPONSIBLE PARTY 

SUBJECT'S SOCIAL SECURITY NUMBER 

AUDITOR/WITNESS 

INVESTIGATOR/PHYSICIAN 
REPRESENTATIVE 

Page 1/5 
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HUMAN SUBJECTS CONSENT FORM 

(Addendum to VA Form 10-1086) 

Sepulveda VA Medical Center 
Sepulveda, CA 91343 

DATE: 2/12/93 

RESPONSIBLE INVESTIGATOR: Steven Ganzell, Ph.D. 

COINVESTIGATOR: Rebecca Orchard, M.S. 

TITLE OF PROTOCOL: Memory and Attention in the Healthy Elderly 

3) I understand that: 

a) The procedures do not involve any physical exertion, 
nor any exposure to drugs or chemicals. Some subjects 
may find the tests difficult and therefore stressful. 
Should I become tired, I may take a break or reschedule 
part of the testing. 

b) There are no known direct benefits to participating in 
this study. 

c) Any questions I have concerning my participation in 
this study will be answered by Rebecca Orchard, M.S., 
(310) 549-4753 or (818) 891-7711, extension 9328. 

d) I may withdraw from the study at any time without 
prejudice. 

e) The results of this study may be published, but neither 
my name nor my identity will be revealed, and my 
records will remain confidential unless disclosure of 
my identity is required by law. 

DATE 
SUBJECT OR RESPONSIBLE PARTY 

SUBJECT'S SOCIAL SECURITY NUMBER 

AUDITOR/WITNESS 

INVESTIGATOR/PHYSICIAN 
REPRESENTATIVE 

Page 2/5 
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HUMAN SUBJECTS CONSENT FORM 

(Addendum to VA Form 10-1086) 

Sepulveda VA Medical Center 
Sepulveda, CA 91343 

DATE: 2/12/93 

RESPONSIBLE INVESTIGATOR: Steven Ganzell, Ph.D. 

COINVESTIGATOR: Rebecca Orchard, M.S. 

TITLE OF PROTOCOL: Memory and Attention in the Healthy Elderly 

f) My consent is given voluntarily without being coerced 
or forced. 

g) In the event physical injury is sustained as a result 
of participation in this program, nonveterans may 
receive emergency medical care and, in appropriate 
cases, may be entitled to compensation under the 
provisions of the Federal Tort Claims Act (28 U.S.C. 
1346(b), 2671-2680). 

Continuing medical care will be provided eligible 
veterans in the event physical injury is sustained as a 
result of participation in this program. Additionally, 
compensation may be payable to eligible veterans under 
38 U.D.C. 351 or, in appropriate cases, under the 
provisions of the Federal Tort Claims Act (28 U.S.C. 
1346(b), 2671-2680). 

For clarification of these laws, I may contact the VA 
District Counsel at (213) 209-7379. 

DATE 
SUBJECT OR RESPONSIBLE PARTY 

SUBJECT'S SOCIAL SECURITY NUMBER 

AUDITOR/WITNESS 

INVESTIGATOR/PHYSICIAN 
REPRESENTATIVE 

Page 3/5 
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HUMAN SUBJECTS CONSENT FORM 

(Addendum to VA Form 10-1086) 

Sepulveda VA Medical Center 
Sepulveda, CA 91343 

DATE: 2/12/93 

RESPONSIBLE INVESTIGATOR: Steven Ganzell, Ph.D. 

COINVESTIGATOR: Rebecca Orchard, M.S. 

TITLE OF PROTOCOL: Memory and Attention in the Healthy Elderly 

h) If I have complaints about the study, I may express 
them to Rebecca Orchard, M.S., (213) 549-4753, or to 
Steven Ganzell, Ph.D., (818) 891-7711, ext. 9328, or to 
the Associate Chief of Staff for Research, (818) 895-
9416, Bldg. 71, Room C-128. 

i) I have received a copy of this consent form for my 
file. 

j) I have been informed that, depending on my income and 
assets, the Department of Veterans Affairs may consider 
me a Category C patient and bill me for any recorded 
hospitalization or visit that is part of this study. I 
will be personally responsible for such payments. I 
have been informed that, should I be billed by the 
Department of Veterans Affairs for visits or 
hospitalizations that are directly related to this 
study, I will not be reimbursed for payments that I 
make. 

DATE 
SUBJECT OR RESPONSIBLE PARTY 

SUBJECT'S SOCIAL SECURITY NUMBER 

AUDITOR/WITNESS 

INVESTIGATOR/PHYSICIAN 
REPRESENTATIVE 

Page 4/5 
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HUMAN SUBJECTS CONSENT FORM 

(Addendum to VA Form 10-1086) 

Sepulveda VA Medical Center 
Sepulveda, CA 91343 

DATE: 2/12/93 

RESPONSIBLE INVESTIGATOR: Steven Ganzell, Ph.D. 

COINVESTIGATOR: Rebecca Orchard, M.S. 

TITLE OF PROTOCOL: Memory and Attention in the Healthy Elderly 

4) I have read or have had read to me all of the above. 
has explained the study to me and 

answered all of my questions. I have been told of the risks 
or discomforts and possible benefits of the study. I have 
been told of other choices of treatment available to me. 

5) I UNDERSTAND THAT I DO NOT HAVE TO TAKE PART IN THIS STUDY, 
AND MY REFUSAL TO PARTICIPATE WILL INVOLVE NO PENALTY OR 
LOSS OF RIGHTS TO WHICH I AM ENTITLED. I MAY WITHDRAW FROM 
THIS STUDY AT ANY TIME WITHOUT PENALTY OR LOSS OF VA OR 
OTHER BENEFITS TO WHICH I AM ENTITLED. 

6) I understand my rights as a research subject, and I 
voluntarily consent to participate in this study. I 
understand what the study is about and how and why it is 
being done. 

DATE 
SUBJECT OR RESPONSIBLE PARTY 

SUBJECT'S SOCIAL SECURITY NUMBER 

AUDITOR/WITNESS 

INVESTIGATOR/PHYSICIAN 
REPRESENTATIVE 

Page 5/5 
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DEMOGRAPHICS DATA SHEET 

1) NAME: DATE: 

2) ADDRESS: 

3) TELEPHONE NUMBERS: (home) 

(work) 

(friend or relative) 

BEST DAY/TIME TO REACH YOU: 

4) AGE: DATE OF BIRTH: 

5) ETHNICITY: 

6) MARITAL STATUS: Single (never M) Married (living with spouse) 

Married (separated) Widowed Divorced 

6) PRIMARY LANGUAGE: 

7) AMERICAN CITIZEN: Y N BORN OR NATURALIZED? 

(IF NOT, WHAT? ) 

8) VETERAN: Y N 

BRANCH OF SERVICE: SERVICE DATES: 

9) DESCRIBE YOUR EDUCATIONAL LEVEL: 

Graduated HS? Y N (If no,) GED? Y N 

Through grade: 12 11 10 9 8 7 6 

Any formal schooling beyond grade school? Y N 

Trade school years. College years. 

Graduate school years. Other (explain) years. 

TOTAL YEARS OF EDUCATION: Degree(s): 

11) ARE YOU CURRENTLY EMPLOYED (OR SELF-EMPLOYED)? 

Fulltime Part time Retired Unemployed Disabled 

12) ARE YOU LEFT- OR RIGHT-HANDED? L R 

13) HOW DID YOU HEAR ABOUT THIS PROJECT? 
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Name: Date: 

HEALTH SCREENING QUESTIONNAIRE 

I'm going to ask you some questions about a number of specific medical 
conditions that people may have. If you don't know what some of these are, 
please say so. This will only take a few minutes, and it's just to get an 
idea of your overall level of health. 

QUESTION SH TN X 

CARDIOVASCULAR 

1. Have you ever had a stroke? NO NO YES 

2. Has a doctor ever told you that you have had a 
transient ischemic attack (TIA)? NO NO YES 

3 . Has a doctor ever told you you have high blood pressure? 

(If yes,) is it well controlled by medication or diet? 

Uncontrolled? 

NO 

YES 

YES 

4. Have you ever had a heart attack? NO 

(If yes), did you experience any change in your memory, 
ability to talk or solve problems 24 hours after your 
heart attack? NO YES 

5. Have you had heart surgery? NO NO YES 

6. Do you have atherosclerosis or hardening of the arteries? NO 

(If yes), have you ever undergone surgery to clear 
arteries? NO YES 

NEUROLOGICAL 

7. Have you ever had convulsions or seizures? NO NO YES 

8. Do you have Parkinson's Disease or Alzheimer's Disease? NO NO YES 

9. Do you have multiple sclerosis, cerebral palsy or 
Huntington's disease? NO NO YES 

10. Have you had encephalitis or meningitis? NO NO YES 

11. Have you ever been seen by a neurologist or neurosurgeon 
for anything other than a back problem, a neck problem, 
or a tension headache? (If YES, probe.) NO NO YES 

12. Have you ever been diagnosed as having a brain tumor? NO NO YES 

13. Have you ever had brain surgery? NO NO YES 
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QUESTION SH TN 

ENDOCRINE or METABOLIC 

14. Do you have diabetes? NO 

(If yes), is it well controlled by diet? 

Well controlled by insulin? 

Uncontrolled? 

15. Have you ever been diagnosed with Addison's Disease? NO 

Is it in remission? 

YES 

YES 

NO YES 

YES NO 

16. Have you ever been told you have an electrolyte imbalance 
or abnormalities in your calcium or phosphorus levels or 
any type of vitamin deficiency? NO 

(If yes), are any of those problems troubling you now? 

17. Are you being treated now for a thyroid condition? NO 

(If yes), is is well controlled by medication? 

18. Do you have anemia? NO 

(If yes), is it well controlled by medication? 

CANCER 

19. Have you ever been diagnosed with cancer? NO 

(If yes), was it skin cancer? YES 

Any other kind, diagnosed more than 3 years ago? YES 

(If so), has it been in remission for at least 3 years? YES 

One year? 

Any other kind, diagnosed less than 3 years ago? NO 

(If yes), has it been in remission for at least a year? 

RESPIRATORY 

20. Do you have emphysema or Chronic Obstructive Pulmonary 
Disease (COPD)? NO 

NO YES 

YES NO 

YES NO 

YES 

YES 

YES 

YES NO 

YES NO 

(If yes), do you use home oxygen? NO YES 
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QUESTION SH TN X 

21. Have you had pneumonia within the past 6 months? NO 

(If yes), the past 2 weeks? NO YES 

22. Do you have shortness of breath while sitting still? NO NO YES 

23. Do you have sleep apnea (periods in which you stop 

breathing during your sleep)? NO NO YES 

24. Do you have tuberculosis? NO NO YES 

Have you ever had tuberculosis? NO YES 

URINARY 

25. Are you receiving kidney dialysis? NO NO YES 

Have you ever had any kidney disease? NO 

(If yes), are you well now? YES NO 

26. Have you ever had a urinary tract infection? NO 

(If yes), are you still taking medication for it? NO YES 

DIGESTIVE 

27. Do you have a liver disease (hepatitis, cirrhosis)? NO NO YES 

Have you ever had a liver disease? NO YES 

28. Do you have a bleeding ulcer? NO 

(If yes), is it controlled by medication? YES NO 

PSYCHIATRIC 

29. Have you ever been hospitalized for mental or 

emotional problems? NO 

(If yes), was it in the last five years? NO YES 

Before that? YES 

30. Are you currently taking medications for mental or 
emotional problems? NO NO YES 
Have you ever taken medication for a mental or 

emotional problem? NO YES 

31. Have you ever received electroshock therapy? NO NO YES 

32. Do you drink beer, wine, or any other alcoholic 
beverage every day? NO 



115 

QUESTION SH TN X 

(If yes), is it less than two drinks per day? YES NO 

(If yes), is it two or more drinks per day? YES 

Are there ever any periods now when you drink 

excessive amounts (more than 10 drinks in one sitting)? NO NO YES 

In the past? (If so, how long ago? ) NO YES 
33. Have you ever had a problem due to abuse of drugs 

or medications? NO 

(If yes), was it within the past five years? NO YES 

Before that? YES 

34. Have you ever been treated for alcohol or drug abuse? NO NO YES 

35. Have you ever been diagnosed as learning disabled? NO NO YES 

36. Here you ever placed in special classes in school 

because of learning problems? NO NO YES 

HEAD INJURY/LOSS OF CONSCIOUSNESS 

37. Have you ever had a head injury? NO 

(If yes), did it require overnight hospitalization? NO YES 

(If yes), did you lose consciousness for more than 
five minutes as a result? NO YES 
Any other blows to the head that didn't result in 
unconsciousness? NO YES 

38. Have you ever been unconscious for any reason other 

than surgery? NO 

(If yes), was it for more than one hour? NO YES 

Less than one hour? YES 

39. Have you ever been resuscitated? NO NO YES 

SURGERY 

40. Have you ever had surgery with general anesthesia? NO 

(If yes), within the past 6 months? NO YES 
Following surgery, did you experience a change in 
your memory, or your ability to talk or to solve 
problems that lasted for up to one week afterward? NO NO YES 
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QUESTION SH TN X 

Less than a week? NO YES 

IMMUNE SYSTEM 

41. Do you have lupus? NO NO YES 

42. Do you have rheumatoid arthritis? NO NO YES 

43. Do you have an immune system disorder such as AIDS or 
HIV positive? NO NO YES 

Chronic Fatigue Syndrome or the Epstein-Barr virus? NO YES 

OTHER 

44. Have you ever had a venereal disease (i.e., social 
disease, sexually transmitted disease)? NO 

(If yes), within the last year? NO YES 

45. Have you ever had any illness or accident that caused a 
permanent decrease in your memory or other mental 
functions? NO NO YES 

46. Do you have trouble with your vision that prevents you 
from reading ordinary print even when you have glasses 
on? NO NO YES 

47. Do you wear a hearing aid? YES YES 

(If yes), do you have difficulty understanding 

conversations because of your hearing even when it's on? -NO NO YES 

48. Are you able to write your name? YES YES NO 

49. Do you have difficulty using your hands? NO NO YES 
50. Are you taking any prescription medications at the 

present time? NO 

Any over-the-counter medications? 

(If yes to either), please list all the medications you're currently 
taking: 

NAME J22SME PURPOSE EXI 
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