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Abstract

Age-related declines in executive abilities have been widely reported and are thought to result from
neuropathological changes in the prefrontal cortex. Some investigators have suggested that age-related changes in
cognition may be the result of slowed information processing speed rather than declines in specific cognitive
abilities. We examined the relationships among age, executive abilities, and psychomotor speed in 40 older adults
and 46 young adults. Both verbal and nonverbal tasks were administered that measured 2 aspects of executive
ability: set formation and set shifting. Executive and psychomotor speed tasks were paired based on similarities in
basic task demands. Our results revealed that poorer executive performance was associated with increasing age.
Further, although psychomotor speed attenuated the relationship, age accounted for a unique and significant
proportion of variance in executive performance after controlling for psychomotor speed. These results suggest that
age has an effect on prefrontally mediated executive abilities that cannot be explained solely in terms of
psychomotor slowing. (JINS, 2000,6, 76–82.)
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INTRODUCTION

Age-related declines in executive abilities have been widely
reported (Brennan et al., 1997; Daigneault & Braun, 1993;
Daigneault et al., 1992; Fisk & Warr, 1996). Whelihan and
Lesher (1985) found that the neuropsychological profiles
of young and older adults were best distinguished by exam-
ining performance on executive tasks. Similarly, Corey-
Bloom et al. (1996) found that the neuropsychological
profiles of older (65–84 years) and very old (greater than
84 years) adults could be distinguished almost exclusively
by examining performance on executive tasks. Taken to-
gether, these results suggest that there may be a unique re-
lationship between aging and changes in executive abilities.

It is likely that the diversity of structural and functional
changes in the brain that occur with healthy aging result in
concomitant changes in executive abilities (for a review, see
West, 1996). Both reductions in brain volume and progres-
sive tissue loss have been identified (Haug & Eggers, 1991;

Ivy et al., 1992; Raz et al., 1997). More specifically, Haug
and Eggers (1991) found that prefrontal and orbitofrontal
areas undergo greater reductions in volume (43% and 25%,
respectively) than parietal and occipital areas (11% and 13%,
respectively). In addition, Ivy et al. (1992) cited evidence
of marked neuronal atrophy with increasing age. This atro-
phic process results from dendritic loss and occurs most
prominently in the frontal, temporal, and parietal lobes.
Healthy aging has also been associated with synaptic loss
(Liu et al., 1996) and decreases in dopamine transmission
and synthesis (Goldman-Rakic & Brown, 1981). These syn-
aptic alterations are most prominent in the prefrontal cortex.

Age-related alterations in brain function also occur. Shaw
et al. (1984) analyzed patterns of cerebral blood flow and
found reductions in oxygen utilization throughout the brain
with increasing age. Using positron emission tomography,
widespread decreases in glucose metabolism have also been
identified (Petit-Taboue et al., 1998).

Although neuropathological alterations have been ob-
served in a variety of brain regions, the bulk of evidence
indicates that the prefrontal cortex is particularly suscepti-
ble to the effects of normal aging (Albert & Kaplan, 1980;
Hochanadel & Kaplan, 1984; Raz et al., 1997; West, 1996).
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Results from numerous studies point to a link between fron-
tal function and executive abilities (Fuster, 1997; Mosco-
vitch & Winocur, 1995). Thus, it is not surprising that tasks
measuring executive abilities are especially sensitive in de-
tecting age-related changes in cognition.

There is a growing literature defining the specific rela-
tionships among normal aging, prefrontal dysfunction, and
deficits in executive abilities. More specifically, a frontal
lobe hypothesis of aging has been proposed (e.g., Demp-
ster, 1992). For example, it has been suggested that deficits
in executive abilities such as planning (Daigneault et al.,
1992), abstract concept formation and reasoning (Daigneault
et al., 1992; Isingrini & Vazou, 1997), and behavior regu-
lation (Daigneault et al., 1992) occur with increasing age
because of deteriorating prefrontal function. Perfect (1997)
proposed that parallels exist in the neuropsychological pro-
files of older adults and patients with frontal dysfunction on
the basis of similarities in neuropathology.

Some researchers, however, have suggested that age-
related changes in cognitive performance are not the result
of declines within specific cognitive domains, but instead
are the result of general declines in information processing
speed. Salthouse postulated that these speed-related defi-
cits limit the efficiency and accuracy of performing tasks
across a range of cognitive domains (for a review, see Salt-
house, 1996). In addition, results from a number of studies
suggest that the effects of general slowing are more pro-
nounced as task complexity increases (Cerella, 1990; Cer-
ella et al., 1980; Hale et al., 1991; Salthouse, 1995). These
findings are particularly relevant to the present discussion
because most executive tasks are relatively complex and re-
quire the orchestration of multiple cognitive processes (Bol-
la et al., 1990; Bryan et al., 1997). Thus, it is possible that
age-related deficits are actually the result of general slow-
ing rather than frank deficits in executive abilities.

The current study was designed to further explore the re-
lationships among age, executive abilities, and psychomo-
tor speed. Two aspects of executive ability, set formation
and set shifting, were examined using verbal and nonverbal
tasks. We examined the unique contribution of age to exec-
utive performance by controlling for the contribution of psy-
chomotor speed. To achieve this objective, young and older
adults were administered pairs of tasks with parallel psy-
chomotor demands. The first task of a pair was less cogni-
tively demanding and was used as a measure of psychomotor
speed. The second task of a pair was similar in terms of
psychomotor demands but was more demanding in terms of
set formation or set shifting. Our overall goal was to de-
termine if age is uniquely related to changes in executive
abilities or if such changes simply reflect reductions in psy-
chomotor speed.

Our specific hypotheses are as follow. First, we predicted
that age would significantly correlate with performance on
all executive and psychomotor speed tasks administered, and
that the performance of older adults would be poorer than
that of younger adults across all tasks. Second, we pre-
dicted that after controlling for psychomotor speed there

would be a unique and significant relationship between age
and various executive abilities. This would corroborate pre-
vious research suggesting that the relationship between age
and executive abilities can be best understood in the con-
text of a frontal lobe hypothesis, rather than solely in the
context of a general slowing hypothesis.

METHODS

Research Participants

Executive and psychomotor abilities were evaluated in 86
right-handed individuals, 46 healthy young adults (39 women
and 7 men) between 17 and 23 years of age (M 5 19.61,
SD5 1.32) and 40 healthy older adults (27 women and 13
men) between 56 and 82 years of age (M 5 72.15,SD5
6.17). A chi-square comparison revealed no significant dif-
ference in the distributions of sex between young and older
groups, [x2(1, N 5 86) 5 3.58, p 5 .06]. Mean years of
education were 13.21 (SD5 1.11) for the young group and
13.98 (SD5 2.28) for the older group. There was no sig-
nificant difference between groups in terms of education
( p . .05). All participants were members of the St. Louis
community and were recruited from participant pools main-
tained by the Department of Psychology at Washington Uni-
versity. Older adults were screened for neurological illness
and physical limitations via telephone; all were found to be
in good health. Young adults earned course credit and older
adults received $10 for taking part in the study.

Materials

The following battery of executive and psychomotor tasks
was administered:

1. Cognitive status screen: To rule out the possibility of
wide-ranging cognitive deficits that could be due to a
neurological disorder (e.g., dementia), all participants
were administered the Neurobehavioral Cognitive Sta-
tus Examination (Northern California Neurobehavioral
Group, 1995). Abilities assessed included level of con-
sciousness, orientation, attention, language, construc-
tional ability, memory, calculations, and reasoning. All
participants performed within normal limits on this
screening measure and no one was excluded on the basis
of cognitive status.

2. Depression screen: Because depression may affect psy-
chomotor speed (White et al., 1997), all participants were
administered the 21-item Beck Depression Inventory
(Beck et al., 1961). Young adults with scores greater than
10 and older adults with scores greater than 12 were ex-
cluded. The slightly higher exclusion score for older
adults was used because older individuals tend to report
more somatic complaints that are not necessarily related
to depression. Seven young adults and 10 older adults
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were excluded on this basis. Mean depression scores for
the remaining 86 participants were 4.97 (SD5 3.08) for
the older adults and 3.85 (SD52.99) for the young adults.
There was no significant difference between groups in
terms of depression scores (p . .05).

3. Executive tasks: As measures of verbal set formation, par-
ticipants completed letter and category fluency tasks. Pre-
vious research has revealed age differences in category
fluency but not in letter fluency (Crossley et al., 1997;
Tomer & Levin, 1993). Both tasks were included in the
current study to fully explore the contributions of age to
performance on these widely used tasks. During the let-
ter fluency task, participants were asked to generate words
beginning with ‘F ’, ‘A’, or ‘S’ as rapidly as possible
(Borkowski et al., 1967). The number of novel words
produced in 1 min was recorded for each letter. A com-
posite letter fluency score was obtained that reflected the
mean number of words produced per min across the three
letters. During the category fluency task, participants were
asked to rapidly generate animal names (Goodglass &
Kaplan, 1972). The number of novel words produced in
1 min was recorded.

As a measure of nonverbal set formation, participants
completed a design fluency task adapted from Part I of
the Ruff Figural Fluency Test (Ruff, 1985). Participants
were presented with a page of 72 squares that each con-
tained two vertical columns of four dots (a total of eight
dots per square). They were instructed to produce a de-
sign in each square by connecting two or more dots as
rapidly as possible. They were also instructed that the
designs should be unnamable and as varied as possible.
The number of novel designs produced in 1 min was
recorded.

As a measure of verbal set shifting, Trails B from the
Trail Making Test was administered (U.S. Army, 1944).
Participants were asked to connect an alternating and se-
quential series of numbers and letters as quickly as pos-
sible. A total of 25 stimuli appeared on a response page.
The number of seconds to correctly connect all stimuli
was recorded.

As a measure of nonverbal set shifting, an experimen-
tal response inhibition task was administered. It should
be noted that the paired psychomotor speed task was also
administered as a component of this task. Participants
were seated in front of a computer monitor and a row of
three response buttons. Initially, participants observed a
row of three unfilled circles on the monitor. To initiate
each trial, participants pressed the center response but-
ton with their right hands, causing the center circle to fill
with blue. Next, one of the target circles to the left or
right filled with gray. In the psychomotor condition (viz.,
matching condition) participants were asked to depress
the corresponding button to the left or right as quickly as
possible. In the set shifting condition (viz., reversal con-
dition), the response requirements were reversed; par-
ticipants were asked to depress the left button when the

right circle filled and to depress the right button when
the left circle filled. To maximize set shifting demands,
the matching and reversal conditions were blocked and
alternated. Specifically, 10 matching trials were admin-
istered as a block, followed by 10 reversal trials. This
alternating procedure continued for a total of 10 blocks.
Reaction time (RT) and movement time (MT) were re-
corded for each trial. RT represented the time between
appearance of a target and lifting the hand from the cen-
ter button. MT represented the time between lifting the
hand from the center button and pressing a peripheral
button. RTs less than 100 ms or greater than 3000 ms
were considered anticipatory errors and omission errors,
respectively, and were excluded from analyses. In addi-
tion, RTs and MTs were used only from those trials on
which an accurate response was made.

4. Psychomotor speed tasks: To account for psychomotor
speed contributions to letter and category fluency, an ar-
ticulation rate task was administered. Participants were
asked to repeat a presented word as quickly as possible.
One-, two-, and three-syllable words beginning with ‘F ’
( fire, flower, family), ‘A’ ( arm, answer, apartment), and
‘S’ ( sun, student, similar) were presented. All words were
defined as high frequency based on the Kucera and Fran-
cis corpus (1967). Using Sound Blaster 16 software (Cre-
ative Technology Limited, 1995), the time required for
participants to complete 10 repetitions of each word was
computed. A composite score was calculated that re-
flected the mean number of words articulated per min
across all nine words.

To account for psychomotor speed contributions to de-
sign fluency, a line-drawing task was administered. Partici-
pants were presented with a page of 72 squares that each
contained two dots. The dots were positioned to correspond
to two of the eight dot positions used in the design fluency
task. Participants were instructed to draw a line connecting
the two dots in each square as quickly as possible. The num-
ber of seconds to complete the page was recorded. A trans-
formation was made to reflect the number of lines produced
in 1 min.

To account for psychomotor speed contributions to Trails
B performance, Trails A from the Trail Making Test (U.S.
Army, 1944) was administered. Participants were asked to
connect a sequence of 25 numbers as quickly as possible.
Because both numbers and letters are used in Trails B, we
also asked participants to connect a second sequence com-
prised of 25 letters. Performances on Trails A and the letter
sequencing task were significantly correlated (r 5 .83). A
composite score (Trails A1) reflected the mean number of
seconds to correctly connect all stimuli across both tasks.

As noted earlier, the matching condition of the response
inhibition task was administered to account for psychomo-
tor speed contributions to performance in the reversal con-
dition of this task.
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Procedure

Study tasks were administered during a 1-hr session in the
following order: Neurocognitive Status Examination, letter
fluency, category fluency, articulation rate, design fluency,
line drawing, Trails A1, Trails B, response inhibition, and
the Beck Depression Inventory.

RESULTS

Means and standard deviations for the scores of both groups
on our study tasks are shown in Table 1. The results of group
comparisons and the correlations of each task with age are
also presented. In general, the pattern of results suggests
that increased age is associated with poorer executive
performance and slower psychomotor speed. There were sev-
eral exceptional results that warrant comment. The correla-
tion between age and performance on one executive task
(i.e., letter fluency) was not significant; this was, however,
the anticipated result based on previous findings of age dif-
ferences in category fluency but not letter fluency (Cross-
ley et al., 1997; Tomer & Levin, 1993). The contribution of
age to one psychomotor speed variable (i.e., matching MT)
also failed to reach significance. This variable was retained
for further analyses because, although not significantly cor-
related with age, it was not contrary to our predictions. In
addition, although the contribution of age to articulation rate
was significant, this was due to a faster articulation rate for
the older group; this was contrary to our expectation based
on current literature (Kynette et al., 1990; Ramig, 1983;
Smith et al., 1987). Because age did not account for vari-
ance in psychomotor speed in the manner predicted by pre-
vious literature, we believed it was unwise to retain this
variable for further analyses. Specifically, we did not eval-
uate the contribution of performance on this task to perfor-

mance on parallel executive tasks (animal and letter flu-
ency) because of the potential for introducing poorly under-
stood variance into the model.

We next examined the amount of variance shared be-
tween the remaining pairs of parallel executive and psycho-
motor speed tasks (see Table 2, Column 3). All pairs of tasks
shared a significant amount of variance. Hierarchical re-
gression analyses were then used to examine the contribu-
tion of age to performance on each executive task after
controlling for performance on the parallel psychomotor
speed task. Scores from the psychomotor speed tasks were
entered in the first step of each model; age was entered in
the second step. The unique contribution of age to execu-
tive performance after controlling for psychomotor speed
is shown in Column 5 of Table 2. Age accounted for a unique
and significant proportion of variance in executive perfor-
mance on all tasks. By comparing ther2y2 values to the
sr2y2.1 values, it is evident that psychomotor speed sub-
stantially attenuated the contribution of age to executive per-
formance. Nonetheless, age made a unique and significant
contribution to executive performance beyond that ac-
counted for by psychomotor speed.

We addressed two additional questions that were related
to age differences between subgroups of older adults and
the influence of participant sex on age differences in psy-
chomotor speed. Previous research has questioned whether
there are age differences in neuropsychological perfor-
mance between adults under and over the age of 75 years
(e.g., Corey-Bloom et al., 1996; Greenwood & Parasura-
man, 1994; Howieson et al., 1993). Because our older adult
participants ranged from 56 to 82 years of age, we sepa-
rated this group into two subgroups, adults under age 75
and adults 75 years or older. We conducted a multivariate
analysis of variance (MANOVA) to determine if there were
significant differences between subgroups in performance

Table 1. Mean, standard deviation, and correlation with age for all study variables

Young adults Older adults
Group

comparisons
Correlation

with age

Variables M SD M SD t r

Executive
Letter Fluency (words0min) 13.27 2.67 12.89 3.62 0.43 2.06
Category Fluency (words0min) 21.20 4.93 16.33 3.76 5.09* 2.49*
Design Fluency (designs0min) 13.46 4.28 9.68 3.58 4.41* 2.43*
Trails B (s) 47.04 16.66 80.94 26.17 7.04* .64*
Reversal reaction time (ms) 367.42 57.01 605.38 148.29 9.55* .74*
Reversal movement time (ms) 215.46 51.28 260.73 66.12 3.57* .34*

Psychomotor speed
Articulation rate (words0min) 115.34 27.14 127.92 20.70 2.38* .29*
Line drawing (lines0min) 74.03 18.17 60.99 15.23 3.57* 2.36*
Trails A1 (s) 22.78 5.63 35.84 12.40 6.13* .60*
Matching reaction time (ms) 331.61 39.46 482.54 183.41 5.10* .49*
Matching movement time (ms) 210.80 56.08 222.01 54.90 0.93 .10

*p , .01.
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on our executive and psychomotor speed tasks. The results
of this analysis were not significant, indicating similar lev-
els of performance across all experimental tasks for our sub-
groups of older adults.

We also addressed whether participant sex differentially
affected executive and psychomotor speed performance be-
tween young and older groups. Some studies have suggested
that women perform more slowly on psychomotor speed tasks
than men, and that this relationship is more pronounced with
advancing age (e.g., Mazaux et al., 1995). We conducted a
MANOVA to determine if there was an interaction of Par-
ticipant Sex3Group on our executive and psychomotor speed
tasks. Results from this analysis were not significant, indi-
cating that participant sex did not differentially affect exec-
utive or psychomotor speed performance between groups.

DISCUSSION

Increased age was associated with poorer performance on
all of the expected executive tasks. Hierarchical regression
analyses further revealed that the contribution of age to ex-
ecutive performance remained significant after controlling
for the contribution of psychomotor speed. These results sug-
gest that there is a unique relationship between executive
abilities and the healthy aging process beyond that ac-
counted for by psychomotor speed. This unique relation-
ship was observed across two aspects of executive ability,
set formation and set shifting, and across verbal and non-
verbal tasks.

The unique contribution of age to executive performance
varied considerably across tasks. There are several possible
explanations for this finding. First, it is possible that some
specific executive abilities are more susceptible to the ef-
fects of normal aging than others. West (1996) suggested
that executive abilities vary from simple processes (e.g.,
maintaining commands on-line while performing tasks) to
more complex processes (e.g., inhibiting prepotent re-
sponses or shifting between cognitive sets). Given the het-
erogeneity of executive abilities, it is not surprising that we
observed differences in the degree to which age affected per-
formance on different executive tasks.

Second, a related issue is that many researchers (e.g., Fus-
ter, 1997) have conceptualized the prefrontal cortex as be-

ing comprised of functionally distinct subregions which in
turn subserve different executive abilities. Evidence from
nonhuman primate (Dias et al., 1996; Robbins, 1996) and
functional neuroimaging studies in humans (e.g., D’Esposito
et al., 1998) supports the notion of functional heterogeneity
within the prefrontal cortex. For example, it has been sug-
gested that the dorsolateral region subserves planning of
behavior and temporal organization (Shimamura, 1994),
whereas the orbital region subserves inhibitory control (Fus-
ter, 1997). In our study, differences in the degree to which
age affected performance on different executive tasks could
be related to the fact that some subregions of the prefrontal
cortex are more compromised by age than others.

Third, it is possible that differences in the contributions
of age to performance on our different executive tasks oc-
curred because, in some instances, our paired tasks shared
variance that was related to factors other than psychomotor
speed. If this were the case, controlling for psychomotor
speed would disproportionately attenuate the relationship
between age and executive performance. In future studies it
may be helpful to use very simple reaction time tasks that
parallel requirements on executive tasks, but that also have
very minimal cognitive demands.

The majority of our results point to a significant relation-
ship between age and executive ability that is independent
of psychomotor speed. This was in spite of the fact that psy-
chomotor speed attenuated the relationship between age and
executive performance. These results are consistent with the
view that speed factors contribute to age-related deficits in
cognition (e.g., Cerella, 1990; Hale et al., 1991; Salthouse,
1985), but are inconsistent with the view that speed factors
are the sole contributors to age-related deficits in cognition.
It appears that age makes a unique contribution to changes
in cognitive abilities (at least executive abilities) beyond that
accounted for by general slowing. This supports previous
reports demonstrating the efficacy of using executive tasks
to detect age-related deficits that may be related to neuro-
pathological changes in the prefrontal cortex (e.g., Brennan
et al., 1997; Daigneault & Braun, 1993; Daigneault et al.,
1992; Dempster, 1992; Fisk & Warr, 1996). In addition, these
results suggest that age differences in executive abilities may
be best understood in the context of a frontal lobe hypoth-
esis of aging.

Table 2. Shared variance between executive performance and psychomotor speed (r 2y1),
between executive performance and age (r 2y2), and between executive performance
and age after controlling for psychomotor speed (sr 2y2.1)

Age (2)

Executive variables (y) Psychomotor variables (1) r 2y1 r 2y2 sr 2y2.1

Design Fluency Line Drawing .26* .18* .07*
Trails B Trails A1 .67* .41* .03*
Reversal reaction time Matching Reaction Time .34* .55* .27*
Reversal movement time Matching Movement Time .67* .12* .06*

*p , .01.
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It is important to note that research on age differences in
executive abilities is more than just a theoretically relevant
issue. For example, measurements of executive abilities help
to predict functional autonomy in older adults (Kaye et al.,
1990). Grigsby et al. (1998) suggested that age-related def-
icits in executive abilities are associated with declines in
functional living skills in healthy older adults. Willis et al.
(1998) found that performance on executive tasks predicted
the degree of functional independence reported by older
adults with mild to moderate levels of dementia of the Alz-
heimer type (DAT). Studies such as these indicate that the
integrity of executive abilities may have significant impli-
cations for the functional independence of older adults.
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