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Commentary

It’s Time to Pay Attention to Attention in Aging
Jill McGaughy and Howard Eichenbaum
Laboratory of Cognitive Neurobiology, Department of Psychology, Boston University, Boston, Massachusetts 02215, USA

The majority of animal models of age-related cognitive de-
cline focus on the well-known loss of memory and the as-
sociated deterioration of medial temporal lobe function (for
review, see Gallagher and Rapp 1997). However, converg-
ing data show that normal aging also results in loss of at-
tentional capacity, both in humans (Parasuraman and Giam-
bra 1991; Greenwood et al. 1997; Berardi et al. 2001) and in
rats (Jones et al. 1995; McGaughy and Sarter 1995; Muir et
al. 1999), indicating deterioration beyond the temporal
lobe. Typically the observed effects of aging on attention
are modest, and deficits are apparent only under circum-
stances of high attentional demands, both in humans (Para-
suraman et al. 1987; Parasuraman and Giambra 1991; Mou-
loua and Parasuraman 1995) and in rats (McGaughy and
Sarter 1995; Muir et al. 1999). However, in this issue of
Learning & Memory, Barense et al. (2002) show that one
aspect of attentional function may be highly sensitive to the
effects of aging, and they suggest a neuroanatomical basis
for the attentional component of cognitive aging.

Whereas the previous studies of attention have focused
on the ability of aged animals to attend to stimuli that are
temporally (McGaughy and Sarter 1995) or spatially unpre-
dictable (Jones et al. 1995; Muir et al. 1999), Barense and
colleagues instead explored the capacity of aged rats to
redirect or shift attention to a previously irrelevant percep-
tual dimension as they perform a series of sensory discrimi-
nation problems. Their experiment was based on a protocol
developed for the study of prefrontal functions in humans
(Downes et al. 1989) and then modified for monkeys and
rats. In this task, subjects are initially trained to discriminate
between pairs of stimuli, each of which is composed of two
distinct perceptual dimensions, but only one of these di-
mensions predicts reinforcement. The learning of novel dis-
criminations is facilitated when the relevant stimulus dimen-
sion remains constant (an intradimensional shift [IDS]), al-
lowing the formation of an attentional set. Learning is
slower when reinforcement contingencies within the rel-
evant dimension are reversed and greatly impeded when
attention must be shifted to the previously irrelevant dimen-
sion (an extradimensional shift [EDS]). In monkeys, the lat-
eral prefrontal cortex is required for switching attention to
the alternate stimulus dimension, the EDS, but not the initial

discrimination, IDS, or within-dimension reversal learning
(Dias et al. 1996a,b, 1997). Similarly, in rats, the medial
prefrontal cortex is required for EDS, not the initial discrimi-
nation, IDS, or reversal (Birrell and Brown 2000). These
studies provide evidence that a distinct prefrontal area me-
diates the capacity to switch attention to a new stimulus
dimension, and this area is functionally homologous across
species.

Barense and colleagues applied this protocol to aged
rodents and found that aged rats are impaired in EDS, but
not initial discrimination or IDS (see more on reversal learn-
ing below). Although these subjects were also impaired in
the Morris water maze, there was no correlation with the
spatial learning deficit and performance in EDS. Compari-
son of these findings with the lesion studies indicates that
aging results in a loss of medial (lateral in primates) prefron-
tal function, and that this age-associated functional loss is
independent of hippocampal dysfunction that underlies the
deficits in the water maze (Morris et al. 1982; Gallagher and
Holland 1992).

These findings are remarkably similar to the pattern of
impairments in attentional set-shifting in humans. Deficits in
EDS appear in humans in their seventies but not in their
fifties, and these normal elderly subjects perform similarly
to patients with circumscribed prefrontal damage (Owen et
al. 1991). Furthermore, elderly humans showed normal per-
formance in learning the initial discrimination, in IDS, and
in reversal learning. In comparison, humans with medial
temporal lobe damage were not impaired on any aspect of
this task. The present findings on rodents parallel these
data, and together show across species the selectivity of the
effect of aging on attentional set-shifting, strongly implying
the involvement of the frontal lobe and not the temporal
lobe in this type of attention.

In addition, Barense and colleagues described a subset
of aged rats that were impaired in reversal learning. Al-
though all aged rats with deficits in reversal were also im-
paired in EDS, a subset of rats with EDS deficits had no
impairment in reversal. In nonhuman primates (Dias et al.
1996a,b, 1997) and in rats (Brown and Bowman 2002), defi-
cits in reversal learning, but not initial discrimination learn-
ing, IDS, or EDS, were found in animals with damage to the
orbitofrontal cortex. This would indicate that the aged rats
with reversal impairments had degeneration in the orbito-
frontal cortex, in addition to the deterioration of medial
prefrontal cortex. This interpretation may be explained by
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recent data from humans indicating that age-associated de-
generation of the orbitofrontal cortex occurs later than de-
generation of other prefrontal cortical areas (Salat et al.
2001). If neurological degeneration within medial frontal
damage precedes orbitofrontal damage in rats, it should be
expected that deficits in EDS precede the impairment in
reversal learning. Moreover, if reversal deficits correlate
with a more progressed state of neurodegeneration, they
should not occur in the absence of EDS deficits, just as
reported by Barense and colleagues. These findings indicate
that age-related functional loss in the rodent cortex closely
parallels the course of neurodegeneration found in non-
pathological aging in humans.

Although the utility of rodent models of prefrontal cor-
tex remains debatable (Brown and Bowman 2002), the pre-
sent findings indicate that the IDS/EDS protocol may be
useful in elucidating the neurobiological basis of the cogni-
tive deficits associated with nonpathological aging, and may
permit a sensitive assessment of age-associated dysfunction
in distinct areas of prefrontal cortex in the rodent.
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