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Performance deteriorates when subjects must shift between
two different tasks relative to performing either task sepa-
rately. This switching cost is thought to result from executive
processes that are not inherent to the component operations
of either task when performed alone. Medial and dorsolateral
frontal cortices are theorized to subserve these executive
processes. Here we show that larger areas of activation were
seen in dorsolateral and medial frontal cortex in both younger
and older adults during switching than repeating conditions,
con®rming the role of these frontal brain regions in executive

processes. Younger subjects activated these medial and dorso-
lateral frontal cortices only when switching between tasks; in
contrast, older subjects recruited similar frontal regions while
performing the tasks in isolation as well as alternating between
them. Older adults recruit medial and dorsolateral frontal
areas, and the processes computed by these areas, even when
no such demands are intrinsic to the current task conditions.
This neural recruitment may be useful in offsetting the declines
in cognitive function associated with ageing. NeuroReport
12:2065±2071 & 2001 Lippincott Williams & Wilkins.
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INTRODUCTION
As human and non-human animals grow older, there is a
decline in cognitive ef®ciency, in speed of processing and
in performance free of error [1,2]. Atrophy in cortical
structures, decay in cerebral vascular integrity, decreases
in neurotransmitter perfusion [3] and reductions in meta-
bolic activity [4,5] accompany these cognitive de®cits.
However, these changes are neither general to all cognitive
tasks nor uniform across all brain regions. Disproportion-
ate cognitive de®cits are seen in tasks that require manip-
ulating information in working memory, alternating
between goal-states, solving con¯ict between stimulus-
response mapping, or resolving interference in rule appli-
cation; in short, tasks that require executive processes
[1,2,6]. Likewise, the neuroanatomical and neurochemical
degeneration is more pronounced in the dorsolateral and
medial frontal areas than in any other regions of the brain
[7,8]. These regions of the frontal cortex are thought to
subserve the cognitive operations that underlie executive
processes [9±11].

Interest in the executive control of cognitive processes
has been re¯ected in the recent growth of models of

cognition, which reserve an important role for executive
processes in the completion of goal-directed behaviour
[11±13]. There has been a recent resurgence into the
empirical examination of executive control processes in
human behaviour to further our understanding of the
successful control of cognitive processes [14,15]. This inter-
est has been particularly intense in understanding the
declines in executive function that occur as we age
[1,6,16,17].

In a recent review of the literature on the neuroanatomy,
neurophysiology and neuropsychology of aging West [2]
concluded that strong evidence exists for the frontal lobe
hypothesis of cognitive aging. This hypothesis suggests
that older adults are disproportionately disadvantaged on
tasks that rely heavily on cognitive processes (e.g. execu-
tive control) that are supported by the frontal and prefron-
tal lobes of the brain. Disproportionate atrophy and
metabolic dysfunction in frontal areas in the aging human
brain are consistent with numerous reports of large and
robust age-related de®cits in the performance of tasks that
are dependent on executive processes. One such task that
relies heavily on executive processes is task switching



[6,15,16]. When subjects are required to switch between
two tasks, there is an increase in both reaction time and the
numbers of errors that subjects make relative to performing
either task in isolation. This cost in performance is thought
to result from processes that are not inherent to the
operations of either task [6,15]. Rather, the switching cost is
thought to result from the recruitment of executive pro-
cesses to deal with the con¯ict resulting from multiple task
sets, the inhibition of the inappropriate set, and the main-
tenance of multiple task rules. Medial and dorsolateral
frontal cortices in particular have been theorized to sub-
serve executive processes [9,11].

In the present study, we investigated cognitive perform-
ance in two simple numerical judgment tasks (a digit value
task and a digit numerosity task) in younger and older
adults. We compared blocks of trials that randomly alter-
nated between the two tasks (switching condition) to
repeated performance of each single task (non-switching
condition). We manipulated the relative amount of execu-
tive processes in each condition while keeping constant the
cognitive operations used to perform each individual task
[1,6,15,18]. We examined brain activation in this blocked-
design fMRI study to determine the relative amount of
frontal lobe activity in both age groups, when subjects had
to recruit executive processing to accomplish the alterna-
tion of goals and rule sets in the switching condition.

We compared the switching condition against perform-
ing each task individually. We also compared both switch-
ing and non-switching conditions against a low-level
baseline of simple ®xation. This latter comparison was
used to determine the processes common to both cognitive
conditions and for comparisons across the two age groups.
Direct comparisons of the functional images between the
two age groups are susceptible to neuroanatomical atrophy
in older adults that may in¯uence image processing and
localization of function. In addition, cerebrovascular differ-
ences may in¯uence both the hemodynamic response lag
and the percent of signal change in the fMRI response
([19], c.f. [20]). Hence, using a low-level baseline task
allowed a comparison of the relative signi®cant changes in
blood ¯ow and size of neural areas recruited between the
two groups corrected for any inherent morphological or
vascular differences.

Our goal in this study was to determine how, if at all,
the disproportionate behavioral costs, and structural and
metabolic de®cits in medial and dorsolateral frontal lobes
would manifest as functional de®cits as measured by
human neuroimaging during a task requiring executive
processes.

MATERIALS AND METHODS
Participants: Eight younger (ages 20±30, mean 25) and
eight older adults (ages 63±75, mean 69) participated in the
study. All subjects were tested for near and far acuity and
self-reported health. Both groups possessed acuity of at
least 20/40 corrected as well as comparable health scores,
F , 1 in both cases. We also tested each group on the
Kaufman K-bit IQ test and found no signi®cant differences
between the groups with older (mean� s.d. 133� 11) and
younger subjects (110� 5) scoring equally well, with F , 1.

The experiment was conducted with the understanding
and consent of each subject. The University Institutional

Review Board (IRB) approved the conduct of the experi-
ment.

Task and design: All subjects participated in a practice
phase outside of the magnet, and then a test phase during
which the fMRI and behavioral data were acquired. The
practice phase consisted of 40 trials of practice for each
task singularly, and then 60 trials of the switching condi-
tion with 20 switch trials and 40 non-switch trials. On each
trial, a colored box appeared for 150 ms and the color of
the box signi®ed the task to be performed. A string of one
through nine digits then appeared for 2850 ms and all of
digits were the same value between 1 and 9 (e.g. 7777).
Subjects were instructed, based on the color of the box, to
determine whether the value of each digit was greater than
or less than 5 (digit value task) or whether the number of
digits presented were greater than or less than 5 (digit
numerosity task). Neither the number of digits nor the
value of the digits could be ®ve. In the non-switching
condition, subjects were told ahead of time the task they
were going to perform (numerosity or value), and the same
color cue appeared on each trial. In the switching condi-
tion, tasks would switch randomly every second or third
trial, on average. In ®xation blocks, subjects were in-
structed to maintain ®xation on a cross centered in the
screen.

The test phase followed the same procedure as the
practice phase. Using a block design, we acquired func-
tional brain images during three separate blocks. The ®rst
and third blocks consisted of ®ve 60 s periods (three
switching and two non-switching) of task performance
interspersed with six 30 s periods of ®xation. The order of
the non-switching tasks was counterbalanced across runs
and subjects. This alternation of switching and non-switch-
ing conditions in the same run allowed for direct compari-
sons of the two conditions as well as comparisons with the
simple baseline (®xation) condition. The second block
consisted of a similar procedure with four 60 s periods of
the non-switching condition, and ®ve 30 s periods of
®xation. Again, task order was counterbalanced across
subjects and runs.

While the cognitive processes needed to process the
digits in the switching and non-switching conditions are
identical; the switching condition necessitated a change
from one task set to another. The switching condition also
challenged working memory (as subjects had to retain the
appropriate rules of the two tasks) and may have been
more arousing than the non-switching condition [15], but
these differences are indicative of executive control pro-
cesses. Hence, we changed the relative amount of executive
processing required in the different conditions while keep-
ing the judgment constant across blocks.

fMRI image processing: Multislice images of the human
brain were acquired in a block design using a 1.5 T GE
Signa scanner equipped for echo-planar imaging (EPI). For
the experimental runs, a total of 360 EPI images were
acquired (TR� 1517 ms, TE� 40 ms, ¯ip angle� 908), each
consisting of 15 contiguous slices (thickness 7 mm, in-plane
resolution 3.75 mm), parallel to the anterior commisure-
posterior commisure line. High-resolution 3D anatomical
images (T1-weighted 3D spoiled gradient echo images)
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were collected for each participant as well as 15 T1-
weighted images of the echoplaner slices. The head coil
was ®tted with a bite bar to minimize head motion and
stimuli were presented on a goggle system designed by
Magnetic Resonance Technologies.

The ®rst six volumes of each run were discarded to
allow the MR signal to reach a steady state. Prior to
statistical tests, images in the data series were intensity
normalized, convoluted with a Gaussian kernel
(FWHM� 10.5 mm, kernel size� 7 3 7), temporally de-
noised using a 1D-wavelet transform (visu-shrink, number
of levels� 4) and linearly detrended (parameter estimates
based upon images in the ®xation phases only). The
Kolmorgorov-Smirnov (KS) statistical test was used to
generate statistical maps for each block. A 4.8 s hemody-
namic lag was assumed for each voxel in each condition.
The switching blocks were compared to the non-switching
blocks to produce difference images that depict the degrees
to which a particular region of the brain was more or less
active as the task requirement change across trials. Prob-
ability values from the KS test were converted to Z-scores
and were then transformed to a common stereotaxic space
[21] and areas of activation were averaged across each age
group for each condition. MedX V3.0 was used to conduct
image processing and statistical analyses. Z-score maps of
signi®cant activation were generated using a statistical
threshold of . 1.96. To test the validity of this threshold,
we averaged the ®xation condition in each run and com-
pared them across conditions. If our threshold was valid,
this comparison should yield no signi®cant activation; and
indeed, no signi®cant activation was found.

To test the size of areas of activation across age groups,
regions of interest (ROI) in the frontal lobes were de®ned
as a set of spherical volumes in Talairach space (radius� 3
voxels). Each ROI centered on a peak level of signi®cant
activation produced by a group average of the statistical
maps. These ROIs were then linked to each subject's
individual activation map and a percentage of signi®cantly
active voxels within each ROI was computed for each
subject per condition thereby assessing the spatial extent of
activation within the frontal lobes across age groups.

RESULTS
Behavioral data: Overall, older subjects were signi®cantly
slower to respond than younger subjects (F(1,13)� 12.28,
p , 0.004). Importantly, both groups were signi®cantly
slower on both digit value and digit numerosity judgments
when switching between these two tasks (933� 196) than
when performing either task in isolation (708� 131;
F(1,14)� 68.28, p , 0.0001. Finally, as Fig. 1 shows, older
subjects had a trend for larger switch costs than the young-
er subjects (F(1,14)� 2.93, p� 0.11); this result is consistent
with our previous work showing signi®cantly larger switch
costs in older adults than younger adults [6,22].

Older subjects made signi®cantly more errors (7� 5%)
than younger subjects (3� 2%; F(1,13)� 4.82, p , 0.05).
Both groups of subjects made signi®cantly more errors
during the switching condition (6� 4%) than the non-
switching condition (3� 4%; F(1,14)� 10.16, p , 0.008).
However, there was no interaction of age and condition
(F(1,14)� 1.78, p� 0.22).

fMRI data: Younger subjects showed signi®cantly greater
activation (Table 1) in dorsolateral prefrontal cortex (Brod-
mann's areas 44, 45, 46, and 47) and medial frontal cortex
(Brodmann's area 24, 32 and 6) during the switching
condition relative to the non-switching condition (KS test,
p , 0.001). These data are consistent with the role of the
dorsolateral prefrontal cortex (DLPFC) and medial frontal
cortex (MFC) subserving executive processes in task
switching [23±26]. The older subjects, however, showed no
signi®cant activation in DLPFC or MFC in the switching
condition relative to the non-switching condition (Table 1).
This latter result is dif®cult to interpret in isolation (but see
[23]); hence we next asked what neural areas were active
in each of the experimental conditions relative to the
baseline of simple ®xation.

As Table 2 shows, both younger and older subjects
signi®cantly activated the DLPFC (BA 44, 45, 46, and 47) as
well as the MFC (BA 6 and 32) in the switching condition
relative to ®xation (KS test, p , 0.005). As expected [23±
26], when task switching was required, both younger and
older subjects activated DLPFC and MFC (Table 2), con-
®rming the role of these areas in tasks that require
executive processes. The younger subjects showed no sig-
ni®cant activation in either DLPFC or MFC in the non-
switching condition relative to a simple ®xation baseline
(Table 3). In contrast, the older subjects signi®cantly
activated DLPFC (BA 45, 47) and MFC (BA 6 and 32) in the
non-switching condition as they did in the switching
condition (KS test, p , 0.005). In addition, activation that
approached signi®cance was also seen in other areas in
both DLPFC (BA 44 and 46) and MFC (BA 24) in the non-
switching condition. Hence, the lack of signi®cant activa-
tion in the comparison of switching vs non-switching
condition is best explained by the activation during the
non-switching condition of DLPFC and MFC (Table 3), not
by a lack of activation of these areas in the switching
condition. That is, the older subjects seemed to recruit
similar neural tissue during the switching and non-switch-
ing conditions (Table 2, Table 3); hence, a comparison
between these two conditions in the older adults resulted
in no signi®cant differences. Unlike the younger subjects,
older adults recruited DLPFC and MFC in both the switch-
ing and the non-switching condition. This latter condition
was a well-practiced task that required little executive
processes and showed no recruitment of DLPFC and MFC
in younger adults.

We next compared the size of frontal lobe recruitment
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Fig. 1. Mean reaction time for switching and non-switching trials by age
group.
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during the switching and non-switching conditions (rela-
tive to simple ®xation) across the two age groups (Table 4).
The percentage of voxels signi®cantly active in a ROI was
computed for each subject during each condition. The
percent of signi®cantly active voxels was then used in a
repeated measure analysis of variance to determine
whether the size of the activation (when compared to
simple ®xation) was greater in the switching condition
than the non-switching and if this recruitment signi®cantly
differed between the two age groups. The switching condi-
tion produced signi®cantly larger areas of activation in

both DLPFC (BAs 45, 46) and MFC (BAs 24, 32 and 6) than
the non-switching condition in the older and younger
subjects (F(1,7)� 9.02, p lt] 0.02). Further, older subjects
recruited signi®cantly greater areas of MFC (BA 6, 32) and
DLPFC (BA 45, 46) than the younger adults in both the
switching (F(1,14)� 8.57, p , 0.01) and non-switching con-
ditions (F(1,14)� 14.64, p , 0.001).

The older adults activated signi®cantly larger areas in
both the DLPFC (BA areas 44, 45, 46) and MFC (BA areas
24, 32, 6) than the younger adults (F(1,14)� 14.94, p ,
0.002). These results suggest that older subjects recruit

Table 1. Switch vs non-switch in older and younger subjects.

Lobe Brodmann's Area Hemisphere x y z Z-Score x y z Z-Score

OLDER SUBJECTS
Frontal None
Occipital None
Parietal None
Temporal None

YOUNGER SUBJECTS
Frontal BA 10 Bilateral ÿ20 68 0 3.04 46 52 ÿ2 3.78

BA 10/46 Bilateral ÿ48 38 12 2.69 36 56 12 2.62
BA 11 Right 34 48 ÿ18 2.98
BA 4/6 Left ÿ30 ÿ12 54 2.62
BA 4 Left ÿ32 ÿ38 58 3.43
BA 44 Right 52 12 8 3.03
BA 45 Bilateral ÿ48 24 12 2.54 46 20 10 3.16
BA 45/46 Bilateral ÿ36 48 8 2.70 46 26 24 3.09
BA 45/47 Bilateral ÿ30 28 6 2.73 56 14 ÿ2 3.08
BA 46 Bilateral ÿ44 32 24 2.92 48 34 24 3.41
BA 47 Left ÿ34 26 2 2.79
BA 5 Bilateral ÿ20 ÿ40 68 2.59 2 ÿ42 56 2.97
BA 5/7 Right 10 ÿ56 64 3.48
BA 6 (Medial) Bilateral ÿ2 12 46 2.59 4 12 54 3.31
BA 6 Bilateral ÿ28 10 44 3.11 38 0 54 2.80
BA 8 (Medial) Left ÿ2 16 48 3.36
BA 8 Bilateral ÿ46 12 34 4.30 30 16 52 2.66
BA 9 Bilateral ÿ40 16 32 4.08 48 14 28 3.47
BA 9/46 Left ÿ38 28 28 2.63
BA 24 Right 4 ÿ16 42 3.16
BA 6/24 Right 0 ÿ16 42 3.22
BA 32 Bilateral 0 26 44 3.34 21 0 42 2.67
BA 30 Left ÿ16 ÿ54 ÿ4 2.52
BA 31 Bilateral ÿ24 ÿ64 16 2.60 8 ÿ42 42 2.58
BA 23/31 Right 18 ÿ26 26 2.28

Occipital BA 17 Bilateral ÿ12 ÿ96 0 2.84 12 ÿ82 6 2.80
BA 17/18 Bilateral ÿ2 ÿ82 8 2.78 18 ÿ92 6 2.81
BA 18 Bilateral ÿ30 ÿ84 14 3.12 30 ÿ78 14 3.19
BA 18/19 Bilateral ÿ36 ÿ74 4 3.38 2 ÿ94 26 3.11
BA 19 Bilateral ÿ18 ÿ90 22 2.96 18 ÿ60 ÿ6 3.33
BA 19/37 Left ÿ34 ÿ72 8 3.58

Parietal BA 7 Bilateral ÿ2 ÿ62 50 3.95 26 ÿ70 48 3.59
BA 7/40 Bilateral ÿ40 ÿ42 44 3.77 44 ÿ42 48 2.89
BA 40 Bilateral ÿ48 ÿ34 48 3.17 44 ÿ42 42 3.57
BA 39/40 Left ÿ42 ÿ60 30 2.62
BA 1 Left ÿ44 ÿ22 38 2.17
BA 2 Left ÿ52 ÿ24 50 2.84
BA 3 Left ÿ36 ÿ30 56 3.12

Temporal BA 20/21 Right 46 ÿ8 ÿ2 2.16
BA 21/37 Right 28 ÿ44 ÿ2 2.55
BA 22 Right 54 ÿ56 22 2.23
BA 37 Bilateral ÿ44 ÿ68 ÿ2 3.96 44 ÿ62 ÿ2 3.60
Hippocampus Left ÿ30 ÿ38 0 2.35

Sub-Lobar Caudate Left ÿ28 ÿ38 6 2.39
Insula Right 40 12 4 2.72
Pulvinar Right 12 ÿ30 4 2.50
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more neural tissue in general than younger subjects to
perform the same task and similar executive functions
[25,27±29]).

DISCUSSION
As both groups practiced each task in isolation and in a
switching condition prior to beginning the fMRI session,

the possibility of a switch in task sets was highly salient
for the older subjects (as older adults were aware of their
dif®culty in performing task-switching). It is likely that
older subjects engaged similar cognitive processes (e.g.
continually retrieving the algorithms necessary to perform
the task) in both switching and non-switching conditions.
To ensure that they applied the correct rules and task set

Table 2. Switch vs ®xation in older and younger subjects.

Lobe Brodmann's area Hemisphere x y z Z-Score x y z Z-score

OLDER SUBJECTS
Frontal BA 10 Bilateral ÿ28 52 12 2.56 44 50 4 2.92

BA 11 Bilateral ÿ32 50 ÿ14 2.85 32 42 ÿ16 3.13
BA 32 Bilateral ÿ2 18 46 3.66 8 26 30 2.37
BA 4 Left ÿ38 ÿ12 54 4.39
BA 44/45 Left ÿ48 18 12 3.20
BA 45 Bilateral ÿ34 28 0 2.14 40 28 2 2.73
BA 45/46 Right 48 28 22 3.98
BA 45/47 Right 56 20 0 4.39
BA 46 Right 48 34 14 4.31
BA 47 Bilateral ÿ40 42 ÿ10 2.25 46 30 ÿ14 3.07
BA 6 (Medial) Left ÿ2 6 56 3.87
BA 6 Bilateral ÿ34 ÿ10 58 4.52 30 14 46 2.74
BA 8 (Medial) Left ÿ2 22 44 4.20
BA 8 Right 38 30 38 2.43
BA 9 Right 40 30 36 2.50
BA 9/44 Bilateral ÿ40 12 32 4.86 48 18 28 4.63
BA 9/45 Left ÿ44 28 20 3.53
BA 9/46 Right 48 40 ÿ10 2.54

Occipital BA 17/18 Bilateral ÿ16 ÿ84 0 6.84 4 ÿ86 0 5.41
BA 18/19 Bilateral ÿ30 ÿ76 ÿ4 6.93 20 ÿ72 ÿ2 7.05
BA 19 Bilateral ÿ38 ÿ66 ÿ8 6.86 34 ÿ78 26 3.79
BA 19/37 Right 30 ÿ68 ÿ6 7.77
BA 37 Right 34 ÿ52 ÿ10 5.82

Parietal BA 40 Bilateral ÿ38 ÿ34 42 4.44 34 ÿ48 42 4.06
BA 7 Bilateral ÿ26 ÿ54 52 4.53 20 ÿ68 58 3.20
BA 5 Right 36 ÿ40 62 2.43

Temporal BA 20 Right 44 ÿ14 ÿ16 3.31
BA 21 Bilateral ÿ64 ÿ34 ÿ2 2.12 60 ÿ20 ÿ6 3.61
BA 22 Left ÿ60 ÿ40 4 2.82

Sub-Lobar Caudate Left ÿ12 ÿ4 16 2.50
Globus Pallidus Right 14 2 2 2.58
Putamen Left ÿ30 ÿ10 2 2.45
Thalamus Right 14 0 12 2.97
Medial Dorsal Nucleus Left ÿ8 ÿ16 12 3.02

YOUNGER SUBJECTS
Frontal BA 10 Bilateral ÿ26 68 ÿ2 3.56 44 54 ÿ4 4.88

BA 10/11 Left ÿ32 64 ÿ4 2.95
BA 11 Right 4 74 ÿ14 2.24
BA 4/6 Left ÿ54 ÿ16 34 2.49
BA 44 Bilateral ÿ40 12 32 5.26 46 14 30 5.29
BA 45 Bilateral ÿ38 22 2 2.54 52 18 4 3.13
BA 45/46 Left ÿ30 28 4 2.66
BA 46 Right 50 38 24 4.64
BA 6 Bilateral ÿ24 10 48 2.73 28 8 50 3.10
BA 8 (Medial) Bilateral ÿ2 16 48 3.48 4 24 44 4.09
BA 9 Left ÿ44 30 32 4.47
BA 9/44 Right 52 18 36 5.05
BA 9/46 Left ÿ44 36 24 4.16

Occipital BA 17/18 Bilateral ÿ16 ÿ92 6 7.41 16 ÿ92 12 6.87
BA 18 Bilateral ÿ20 ÿ92 14 7.24 14 ÿ90 6 8.62
BA 18/19 Bilateral ÿ18 ÿ84 0 8.30 24 ÿ74 0 8.48

Parietal BA 7 Bilateral ÿ2 ÿ70 62 2.59 38 ÿ46 54 3.80
BA 7/40 Bilateral ÿ28 ÿ62 42 4.83 32 ÿ62 44 4.51

Temporal BA 21/37 Left ÿ46 ÿ48 0 2.17
BA 37 Bilateral ÿ58 ÿ56 ÿ8 2.35 44 ÿ62 0 5.07
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for the current task, older subjects may have engaged
executive computations even in the non-switching condi-
tion [30]. Recent behavioural evidence suggests that follow-
ing a task switching condition, older adults continue to
show costs in non-switch conditions for extended periods
[16]. Nevertheless, during the switching condition, the size
of activation in the DLPFC and MFC was signi®cantly
greater than the non-switching condition for the older
adults. Additionally, the older adults recruited more neural
tissue in DLPFC and MFC than the younger adults did

under the same task conditions. These results suggest that
the cognitive processes recruited during the switching
condition (and non-switching condition) are more exten-
sive, require additional computations, and are more depen-
dent on executive function for older than younger adults
[22,25,27±29].

Both younger and older subjects recruit DLPFC and
MFC during the switching condition demonstrating the
importance of these frontal regions in executive processes
[9,18]. Recent evidence suggests [23±25,31] that task
switching preferentially engages DLPFC and MFC as well
as areas in the parietal cortex. Indeed, both age groups
signi®cantly activated these regions during the switching
condition.

Finally, older subjects recruited similar regions in
DLPFC and MFC in the non-switching condition as they
had activated in the switching condition. This result sug-
gests that comparable, but not identical, cognitive pro-
cesses to the switching condition are required for older
adults to perform properly in the non-switching condition.
As we grow older, we may rely on executive processes and
the neural areas that subserve these computations even in

Table 3. Non-switch vs ®xation in older and younger subjects.

Lobe Brodmann's area Hemisphere x y z Z-Score x y z Z-score

OLDER SUBJECTS
Frontal BA 10 Right 32 66 ÿ8 2.71

BA 10/11 Right 34 62 ÿ10 2.24
BA 11 Right 34 52 ÿ16 2.38
BA 32 Bilateral ÿ4 22 44 3.32 2 20 44 3.18
BA 4 Left ÿ40 ÿ12 56 3.49
BA 45 Bilateral ÿ42 26 22 2.44 56 24 0 4.06
BA 47 Right 48 32 ÿ14 2.86
BA 6 (Medial) Left ÿ4 6 58 3.03
BA 6 Left ÿ36 ÿ8 58 3.65
BA 9 Left ÿ42 14 34 3.24
BA 9/44 Right 48 18 28 3.72

Occipital BA 17 Right 16 ÿ88 8 6.15
BA 17/18 Bilateral ÿ16 ÿ84 0 6.76 18 ÿ76 ÿ2 5.19
BA 18 Bilateral ÿ32 ÿ86 12 5.97 24 ÿ88 20 4.63
BA 18/19 Right 28 ÿ86 ÿ2 5.11
BA 19 Right 32 ÿ70 ÿ4 6.52

Parietal BA 2 Left ÿ48 ÿ20 44 2.09
BA 2/40 Bilateral ÿ48 ÿ26 42 2.22 50 ÿ28 48 2.55
BA 40 Bilateral ÿ32 ÿ42 56 2.79 64 ÿ24 26 2.68
BA 7 Bilateral ÿ26 ÿ54 52 2.81 2 ÿ76 48 3.78
BA 7/39 Right 50 ÿ62 30 2.19
BA 7/40 Right 32 ÿ50 40 2.56

Temporal BA 20 Bilateral ÿ38 ÿ16 ÿ18 2.49
BA 20/21 Bilateral ÿ44 ÿ8 ÿ16 2.41 60 ÿ42 ÿ10 3.45
BA 21 Right 56 ÿ12 ÿ12 4.46
BA 21/22 Left ÿ56 ÿ40 ÿ4 3.53
BA 21/37 Right 62 ÿ46 2 3.72
BA 37 Bilateral ÿ40 ÿ62 ÿ8 5.86 50 ÿ64 0 4.97

Sub-Lobar Thalamus Right 0 ÿ26 10 3.23

YOUNGER SUBJECTS
Frontal BA 10 Bilateral ÿ36 60 ÿ4 2.67 34 62 ÿ4 2.20

BA 8 Right 44 12 30 2.49
BA 8/9 Right 52 20 38 2.36

Occipital BA 17/18 Bilateral ÿ18 ÿ88 4 6.29 12 ÿ88 6 6.58
BA 18 Bilateral ÿ36 ÿ72 ÿ8 5.10 24 ÿ78 0 6.36
BA 19 Bilateral ÿ36 ÿ78 ÿ6 4.95 42 ÿ86 20 2.27

Parietal BA 2 Left ÿ48 ÿ26 56 2.55

Table 4. Percentage of active voxels in region of interest.

OLDER SUBJECTS YOUNGER SUBJECTS

Medial frontal
Switch 0.65 (0.24) 0.40 (0.25)
Non-switch 0.56 (0.27) 0.11 (0.21)

Lateral frontal
Switch 0.54 (0.15) 0.32 (0.16)
Non-switch 0.32 (0.24) 0.04 (0.03)
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tasks that do not inherently require them [25,27±29,32].
Successful application of current rules and task set require-
ments under conditions of previous con¯ict [16,30] may
obligate more effortful processes and more executive
computations as the human brain ages or in poor task
performers [25,33]. As degradation occurs in the aging
human brain, both sensory input and cognitive ef®ciency
deteriorate [34,35]. As a result of the cognitive and sensory
degradation, older subjects may recruit MFC and DLPFC
and the executive computations that these areas perform
[25,27±29,32] to ensure successful performance and task
ef®ciency.

CONCLUSION
Our data suggest that older adults compensate for de-
creased cognitive abilities by recruiting a variety of frontal
lobe structures, even in tasks that appear not to require
them for younger adults. Such a compensatory process
may serve to reduce age-related decrements in perform-
ance and ensure successful task completion.
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