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three of the operations outlined above.
Short-term memory mechanisms within
prefrontal cortex may automatically mod-
ulate representations of local context in
other cortical regions, as has been observed
in echoic memory research. This short-
term memory mechanism may then signal
deviations from these patterns, providing a
feedback signal to prefrontal regions to view
a deviance as potentially biologically sig-
nificant and deserving of additional inspec-
tion. Such representations may also be
accessible for systems involved in the explic-
it monitoring of behavior and generation
of hypotheses. Evidence from neuroimag-
ing, neuropsychology and electrophysiolo-
gy supports a role of prefrontal regions in
all these cognitive operations3,8,9.

The current work can be compared to
more traditional studies of pattern recog-
nition. One approach has involved trial-
and-error learning, in which participants
are explicitly instructed to try to learn a
response sequence10,11. Another has used
the serial reaction-time (SRT) task, in
which participants make speeded respons-
es to successive stimuli that vary along a
dimension such as spatial position or color.
The SRT task is similar to that of Huettel
et al.1, except that the number of stimu-
lus–response alternatives is increased, and
comparisons are made between blocks of
trials in which the events follow a fixed
sequence or occur randomly12,13. This task
has been used to study both explicit and

esis. We would expect a marked reduction
of the prefrontal response in the current
task if the participants were engaged in a
distractor task that disrupted their ability
to generate hypotheses. “An idle mind is
the Devil’s workshop,” goes an old English
proverb. For the gambler impressed by the
run of black spots in roulette, an idle mind
may result in unwarranted predictions
that can lead to misguided actions.
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implicit learning. In the former condition,
participants are either taught the sequence
in advance or extract it over the course of
the experiment. In the latter, a distractor
task is interleaved with the button-press-
ing task to distract the participant’s atten-
tion and thus reduce awareness of the
sequential nature of events.

These studies have yielded a consis-
tent picture regarding prefrontal activa-
tion during sequence learning. When
learning is explicitly guided, or when
participants become aware of the
sequence, prominent activation is
observed in prefrontal cortex, including
the areas identified by Huettel et al. In
contrast, when learning is implicit, no
changes are found in lateral prefrontal
cortex, even though performance mea-
sures clearly indicate that the partici-
pants have learned the sequence of
stimuli and/or responses. Under such
conditions, pattern recognition occurs
without hypothesis generation. Thus,
the sequence-learning literature is con-
sistent with the claims of Huettel et al.1

regarding a role for prefrontal cortex in
the perception (or production) of pat-
terns, but also suggests that this role may
be limited to situations in which the
participants are able to explicitly express
these expectations.

Future work in which the level of the
participants awareness is monitored
should provide a direct test of this hypoth-
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Putative chemoreceptors get close to arteries

Serotonergic raphe neurons within the medulla control respiratory and autonomic
function. In vitro, these neurons can act as chemoreceptors, detecting small
changes in CO2 and pH in the physiological range. In support of this proposed
sensing role, George Richerson and colleagues report on page 401 of this issue that
the processes of these neurons are closely apposed to arterial blood vessels. Thus,
these processes are in a prime location to monitor the effectiveness of lung ventila-
tion in the blood. Because sudden infant death syndrome has been attributed to an
inability to counteract rises in blood CO2 during sleep with an appropriate respira-
tory response mediated by serotonergic pathways, these results support the sug-
gestion that the syndrome may result from a developmental abnormality in
serotonergic chemoreceptive neurons.

Using confocal imaging and electron microscopy, the authors examined the rela-
tionship between serotonergic neurons (green) and arterial blood vessels (red).
Processes of the neurons were closely associated with the arterial vessel walls, in some
cases less than one micron from the blood-containing lumen. Electrophysiological
recordings confirmed that the serotonergic neurons in close proximity to arteries
responded to changes in pH, an indirect measure of CO2 concentration. The
chemosensitive neurons were most common throughout the midline of the medulla, which contains large arteries and few veins. Thus the
local CO2 concentration in this region probably reflects arterial CO2 concentration that is relatively unaffected by local 
tissue metabolism.

Brian Fiske
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