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Review of Procyk and Goldman-Rakic (http://www.jneurosci.org/cgi/content/full/26/44/11313)

The role of the dorsolateral prefrontal
cortex (DLPFC) in the control of behavior
remains a topic of ongoing controversy.
The discovery of sustained neural dis-
charge in monkey DLPFC neurons during
the retention interval of delayed-response
(DR) tasks suggested that this region is
involved in on-line maintenance and ma-
nipulation of information (i.e., working
memory). Functional neuroimaging of
DLPFC revealed that activity in this re-
gion does not necessarily occur during the
entire delay period of a memory-guided
spatial delayed-response task, but instead
at the time of the response selection
(Rowe et al., 2000). Furthermore, delay-
related activity occurs in DLPFC only
when a response can be selected at the be-
ginning of the delay interval (Pochon et
al., 2001).

Based on these results, Rowe et al.
(2000) proposed a role of DLPFC for the
selection of representations for upcoming
actions, rather than the retention of sen-
sory information. This interpretation fits
with functional magnetic resonance im-
aging and transcranial magnetic stimula-
tion studies showing that DLPFC is also
involved in action selection tasks without
a strict working-memory component.

This selection-dependent activity seems
to be stronger when subjects freely select
an action than when subjects respond to
explicit movement cues. Furthermore,
DLPFC displays a large flexibility in the
type of information that can be processed.
Although DLPFC is active during selec-
tion tasks regardless of modality, effective
connectivity (i.e., the influence activity in
one region has on activity in another re-
gion) between DLPFC and posterior brain
areas depends on the type of processed in-
formation and on task demands (Egner
and Hirsch, 2005; Rowe et al., 2005).
These neuroimaging studies suggest that
the dorsolateral prefrontal cortex might
be involved in action selection and could
play a specific role in top-down control of
neural activity in regions processing task-
relevant representations. However, these
imaging studies do not address the actual
neural processing within this region.

A neurophysiological study by Procyk
and Goldman-Rakic (2006), published re-
cently in the Journal of Neuroscience, com-
plements and further informs the neuro-
imaging results. In their experiment,
macaque monkeys were required to per-
form two spatial tasks [Procyk and
Goldman-Rakic (2006), their Fig. 1
(http://www.jneurosci.org/cgi/content/
full/26/44/11313/F1)]. In the first task, the
DR task, monkeys were cued one of four
spatial locations and required to execute a
movement toward the cued target after a
delay period during which there was no

visual input. This task corresponds to the
classical delayed-response paradigm. In
the second task, the problem-solving (PS)
task, the monkeys were not informed
which of the targets would be required on
any given trial. Instead, to be rewarded,
the monkey had to determine the correct
response by trial and error (“search”
phase). After solving the task, the correct
sequence had to be repeated three times
(“repetition” phase). This combination of
tasks allowed the authors to compare sus-
tained neural firing in spatially selective
DLPFC neurons during the “standard”
delay period of a DR task and during the
period between performance feedback
and preparation of the next response dur-
ing the search and repetition phases of the
PS task.

The spatial selectivity of caudal DLPFC
neurons expressing delay-related activity
was determined during the repetition pe-
riod of the PS task. Of the spatially tuned
cells, the majority retained their spatial se-
lectivity across tasks (PS and DR) and
phases (search and repetition) [Procyk
and Goldman-Rakic (2006), their Fig. 4A
(http://www.jneurosci.org/cgi/content/
full/26/44/11313/F4)]. To address
whether the delay-period firing of these
neurons reflected the coding of the past
location to which the monkey moved
or coded the upcoming movement
location, activity during search trials was
analyzed according to previous or up-
coming responses [Procyk and Goldman-
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Rakic (2006), their Fig. 6A (http://www.
jneurosci.org/cgi/content/full/26/44/
11313/F6)]. Spatial selectivity of neuronal
responses was only present in the case of
upcoming responses, suggesting a pre-
dominance of a prospective coding of the
upcoming movement, rather than retro-
spective coding of information.

This result fits nicely with selection-
dependent activation of the DLPFC
(Rowe et al., 2000) and explains the delay-
related activation reported in delayed-
response tasks. Furthermore, DLPFC
neuronal firing was stronger during the
search than during the repetition phase of
the PS task at the end of and between trials
[Procyk and Goldman-Rakic (2006), their
Fig. 5 (http://www.jneurosci.org/cgi/con-
tent/full/26/44/11313/F5)], similar to the
increased DLPFC activity found in imag-
ing studies on free selection of actions.

During the PS task, population activity
became progressively more spatially selec-
tive immediately after incorrect re-
sponses, in the first phase of the delay pe-
riod, when a new response had to be
selected [Procyk and Goldman-Rakic
(2006), their Fig. 7 (http://www.jneurosci.
org/cgi/content/full/26/44/11313/F7)].
Spatial selectivity became stronger until
the first correct trial, when the monkey

had identified the correct response. This
modulation of DLPFC activity by task pe-
riod led Procyk and Goldman-Rakic to
suggest that “the adaptive properties of
prefrontal delay activity are expected to
reflect the basic mechanisms by which
they influence connected structures”
(Procyk and Goldman-Rakic, 2006).
Again, this result complements neuroim-
aging studies, in which greater coupling
between DLPFC and posterior brain re-
gions can be seen during free selection of
information, when the rule required for
selection is unknown (Rowe et al., 2005).
To select the correct information needed
for the task at hand, DLPFC interacts with
other task-specific areas that process spe-
cific stimulus-related information, poten-
tially biasing processing in posterior areas
to suit the task at hand.

Although the results from the present
study seem to line up quite well with pre-
vious imaging studies, the precise mecha-
nisms responsible for the increases in
effective connectivity, as well as the evolu-
tion of neural activity in more posterior
target areas, remain unknown. It would be
interesting to see, at the neurophysiologi-
cal level, the changes in neuronal activity
during problem-solving tasks for nonspa-
tial cues, and how cells in prefrontal and

posterior areas synchronize as behavior
progresses. Because Procyk and Goldman-
Rakic (2006) focused on a spatial task, a
logical continuation would be to study
these processes in nonhuman primates
using different stimuli and different stim-
ulus modalities. The experiments of Pro-
cyk and Goldman-Rakic (2006) provide a
building block for such studies.
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