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Abstract

B In explicit sequence learning tasks, an improvement in per-
formance (skill) typically occurs after sleep—leading to the
recent literature on sleep-dependent motor consolidation. Con-
solidation can also be facilitated during wakefulness if declarative
knowledge for the sequence is reduced through a secondary
cognitive task. Accordingly, declarative and procedural consolida-
tion processes appear to mutually interact. Here we used TMS to
test the hypothesis that functions in the dorsolateral prefrontal
cortex (DLPFC) that support declarative memory formation in-
directly reduce the formation of procedural representations. We
hypothesize that disrupting the DLPFC immediately after se-
quence learning would degrade the retention or the consolida-
tion of the sequence within the declarative memory system and
thus facilitate consolidation within procedural memory systems,

INTRODUCTION

Improvements in performance—skill—can result from
both declarative and procedural learning (for a review,
see Hazeltine & Ivry, 2002). The serial reaction time
task (SRTT) can be used to probe the representation of
skill (Keele, Ivry, Mayr, Hazeltine, & Heuer, 2003; Povel &
Collard, 1982; Keele, 1968; for a review, see Ivry, 1996)
and exposes differences between the neural substrates
of declarative and procedural memory systems (Hazeltine,
Grafton, & Ivry, 1997; Willingham, 1997; Grafton, Hazeltine,
& Ivry, 1995). Individuals with brain lesions provide further
evidence that the neural mechanisms underlying declar-
ative and procedural knowledge are distinct (Knowlton,
Mangels, & Squire, 1996; Reber, Knowlton, & Squire, 1996;
Squire & Knowlton, 1995; for a review, see Willingham,
1998). More recently, the SRTT has been used to study mem-
ory acquisition and its subsequent consolidation within
these two systems (Brown & Robertson, 2007a, 2007b;
Robertson, 2007; Willingham, Salidis, & Gabrieli, 2002).
Declarative memory in the SRTT is typically demon-
strated by verbal or written recall of the learned sequence;
procedural memory is shown by faster performance—
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evident as wakeful off-line skill improvement. Inhibitory theta-
burst TMS was applied to the left DLPFC (n = 10), to the right
DLPFC (n = 10), or to an occipital cortical control site (1 =
10) immediately after training on the serial reaction time task
(SRTT). All groups were retested after eight daytime hours with-
out sleep. TMS of either left or right DLPFC lead to skill improve-
ments on the SRTT. Increase in skill was greater following right
DLPFC stimulation than left DLPFC stimulation; there was no im-
provement in skill for the control group. Across all participants,
free recall of the sequence was inversely related to the improve-
ments in performance on the SRTT. These results support the hy-
pothesis of interference between declarative and procedural
consolidation processes and are discussed in the framework of
the interactions between memory systems. [l

improved motor skill (Robertson, 2007). If declarative
knowledge of the sequence is acquired, an improvement
in motor performance is seen after a period of sleep,
whereas there is no significant improvement in motor
skill after an equivalent period of wakefulness (Walker,
Brakefield, Morgan, Hobson, & Stickgold, 2002). Impor-
tantly, declarative knowledge has been shown to either
reduce or completely inhibit procedural memory consoli-
dation over a period of wakefulness (Brown & Robertson,
2007b; Spencer, Sunm, & Ivry, 2006; Walker et al., 2002).
Interestingly, when a secondary cognitive task that inter-
feres with verbal recall of the sequence is performed im-
mediately after the SRTT, to disrupt declarative processing
of the sequence, skill improvements are observed without
sleep (Brown & Robertson, 2007a). In other words, de-
clarative memory systems appear to inhibit the enhance-
ment of motor skill during wakefulness.

The SRTT has been shown to recruit a network that in-
cludes the dorsal premotor cortex, superior parietal cortex,
dorsolateral prefrontal cortex (DLPFC), SMA, BG, cerebel-
lum, and hippocampus (Torriero et al., 2007; van der Graaf,
Maguire, Leenders, & de Jong, 2006; Olson et al., 2006;
Torriero, Oliveri, Koch, Caltagirone, & Petrosini, 2004;
Grafton, Hazeltine, & Ivry, 2002; Willingham et al., 2002;
Hazeltine et al., 1997; Grafton et al., 1995). When the partic-
ipant is aware of the sequence, learning-related activation
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is found in the DLPFC, premotor cortex, BG, and tempo-
ral lobe (all of the right hemisphere) and bilaterally in the
parieto-occipital junction (Hazeltine et al., 1997; Grafton
et al., 1995), although Willingham et al. (2002) suggest that
the increased DLPFC recruitment is not strongly right lat-
eralized. In contrast, sequence learning that occurs without
awareness for the sequence’s presence leads to recruitment
of the contralateral motor cortex, SMA, and BG (Hazeltine
et al., 1997; Grafton et al., 1995).

In addition there is an abundance of evidence of the
DLPFC having a role in conscious executive processes
(Passingham & Sakai, 2004; Sakai, Rowe, & Passingham,
2002; Miller & Cohen, 2001; Rowe & Passingham, 2001;
D’Esposito et al., 1995; Goldman-Rakic, 1995; Petrides,
1991). The DLPFC also has strong connections to the less
accessible structures within the medial-temporal lobe
(Goldman-Rakic, Selemon, & Schwartz, 1984) known to
underlie declarative memory (for a review, see Squire,
1992). Accordingly, processing in the DLPFC is likely to
be critical for the acquisition or encoding of declarative
representation of sequences (Murray & Ranganath, 2007).

Here we aim to demonstrate that engagement of DLPFC
in the declarative component of an explicit SRTT inhib-
its procedural consolidation. We propose that TMS of the
DLPFC should disrupt its processing of the declarative
knowledge of the sequence and lead to sequence perfor-
mance improvements—even during wakefulness.

At first glance, improving consolidation by disrupting
an area known to support memory is counterintuitive.
There are two viable explanations for this prediction.
One possibility is that the DLPFC could have direct inhib-
itory connections with one or more brain areas critical
for procedural consolidation. In this direct disinbibition
model, disrupting the DLPFC disinhibits procedural mem-
ory systems and thereby facilitates consolidation. Alterna-
tively, declarative memory processes supported by the
DLPFC may compete for resources in some other brain
area that are necessary for consolidation. The recruit-
ment of such multifunction brain areas by a declarative
memory system could be in competition with adjunctive
demands of a procedural memory system. In this compe-
tition suppression model, disrupting the DLPFC may
eliminate or reduce its impact as a resource competitor,
leaving more resources to be recruited by the procedural
memory system. Thus, we propose we should expose
wakeful procedural consolidation by disrupting declara-
tive consolidation but cannot aim to distinguish between
these two mechanisms.

METHODS

Participants were trained in the morning on the SRTT,
using an explicitly cued 12-item sequence. Immediately
after, they were exposed to 40 sec of continuous theta-
burst TMS (cTBS) over the left or the right DLPFC. Eight
hours later, participants were retested on their retention
of the SRTT (Figure 1), and their declarative knowledge
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Figure 1. Experimental design. Participants were trained and tested on
the SRTT (9:00 a.m.). They were given cTBS for 40 sec, over the left
DLPFC, right DLPEC, or OC. After 8 hours of wakefulness, the
participant’s retention of the SRTT was tested, and they were also
asked to recall the sequence. Changes in RT to random (gray boxes)
and sequential (white boxes) blocks from training to test were used
as a measure of off-line improvement. Skill was assessed by the mean
difference between RTs on random and sequence trials, divided by
the mean RT on random trials.

of the sequence was probed. Performance was compared
with a control group that received cTBS over the occipital
cortex (OC). The reduction in mean reaction time (RT)
for sequentially ordered versus randomly ordered button
presses was then compared between test and retention
sessions to assess daytime consolidation.

Participants

Thirty right-handed (self-assessed) participants were ran-
domly assigned to the left DLPFC (5 women and 5 men;
mean *+ SD, age = 23.1 = 3.7 years), the right DLPFC
(6 women, 4 men; age = 23.3 =+ 3.1 years), or the OC con-
trol group (4 women and 6 men; age = 24.5 * 4.3 years).
Informed written consent was obtained from all partic-
ipants, and all participants were blind to the hypothesis
under investigation. Participants chose to receive either
financial compensation or course credits for their partic-
ipation. All procedures were approved by the University
of Birmingham Ethics Committee.

Experimental Design

Participants were trained at 9:00 a.m. and retested at 5:00 p.m.
on the same day. During the morning training period, they
practiced a sequence learning task (the SRTT, see below)
that consisted of one instructional, one training, and one
test session (Figure 1). Following the completion of the
test session, participants received 40 sec of ¢TBS to the
left DLPFC, right DLPFC, or OC. Eight hours later, partic-
ipants returned and completed the retention session of
the SRTT and a written free-recall test. All participants were
questioned about their daytime activity; none reported
having slept.

Serial Reaction Time Task

Participants learned a 12-item sequence using their right
hand (2-3-1-4-3-2-4-1-3-4-2-1; Brown & Robertson; 2007b).
They viewed a computer monitor displaying a solid black
square cue (side 30 mm) appearing at one of four hori-
zontal positions against a white background. These four
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positions corresponded to the four buttons on a custom
response pad, upon which the participant’s dominant
right hand rested. Once each visual cue had been pre-
sented, the participants were instructed to press the ap-
propriate button as quickly as possible. Once the correct
button had been given the next cue was shown after a de-
lay of 400 msec. Participants were instructed that a change
in color of the visual cue from black to blue indicated the
onset of the sequence. It has been previously shown that
this design engages both declarative and procedural learn-
ing (Willingham et al., 2002).

The instructional, test, and retention sessions all in-
cluded 9 repetitions (108 trials) of the sequence pre-
ceded and followed by 50 random trials. The morning
training session included 15 repetitions (180 trials of
the sequence, also preceded and followed by 50 random
trials (Figure 1).

Continuous Theta-burst TMS

TMS was delivered using a 70-mm diameter figure-eight
coil (Rapid?® stimulator; Magstim, Whitland, UK). The coil
was placed tangentially to the scalp with the handle
pointing posterior laterally at a 45° angle with respect
to the anterior—posterior axis for DLPFC placement and
at 0° for OC placement. Theta-burst TMS (TBS) consists
of repeating bursts of stimuli. Each burst consists of three
stimuli repeating at 50 Hz; bursts are repeating at 5 Hz.
Continuous TBS was applied for 40 sec at 80% of the
participant’s active motor threshold (Huang, Edwards,
Rounis, Bhatia, & Rothwell, 2005). Active motor thresh-
old was defined as the lowest intensity able to elicit a vis-
ible twitch in the right first dorsal interosseus muscle in
response to 5 of 10 single pulse stimuli. In comparison to
1 Hz repetitive TMS, cTBS seems to have a greater inhib-
itory effect in terms of magnitude and longevity (Huang
etal., 2005; cf. Muellbacher, Ziemann, Boroojerdi, & Hallett,
2000).

Using a 3-T Philips scanner, high-resolution T1-weighted
images were acquired for both DLPFC groups (1 X 1 X
1 mm voxel size, 175 slices in sagittal orientation). The
MNI coordinates previously reported by Willingham et al.
(2002) lead us to the target location of x = —40/+40,
y = 28, z = 18 for the left and right DLPFC. To relate this
standard position to individual participants, each high-
resolution structural scan was normalized to the MNI brain
using an affine (12 parameter) transformation using FLIRT
(Jenkinson, Bannister, Brady, & Smith, 2002; Jenkinson &
Smith, 2001). The inverse transformation for each partic-
ipant was then applied to the standard coordinates to iden-
tify the subject-specific target location for each participant.
BrainSight (Rogue Research, Montreal, Quebec, Canada)
was used to locate this position and place the TMS coil;
the coil was positioned so that the electrical gradient trav-
eled dorsal laterally from the target along the midfrontal
gyrus. The OC was located by placing the coil over the left
OC guided by the inion, at a position where most partici-

pants observed phosphenes at a stimulation intensity of
70% of maximal output (Franca, Koch, Mochizuki, Huang,
& Rothwell, 2006). As ¢TBS was applied after the SRTT, oc-
cipital stimulation could not degrade visual performance
during the task.

Free Recall

Participants were asked to write down the as much of the
sequence as they could using the numbers from 1 to 4
(Brown & Robertson, 2007a). Each number corresponded
to a button on the box (index finger button = 1) and to the
corresponding position on the screen (left = 1). For each
reported number to be scored as correct, it had to lie with-
in a sequence of at least three correct responses (Brown
& Robertson, 2007a; Willingham & Goedert-Eschmann,
1999).

Data Analysis

All incorrect responses and responses of trials that imme-
diately followed an error were removed; however, the in-
clusion of these “after-error” or “transition” trials does
not qualitatively alter the results reported below. Serial
reaction times (SRTs) were then measured as the time
taken to make correct responses in trials that also fol-
lowed a correct response, within either sequentially or
randomly ordered blocks. For each block, any SRT longer
than 2.7 SDs from a participant’s mean for the block
type (sequential or random) was also removed (Brown
& Robertson, 2007a). To ensure that carryover effects
from the preceding block did not influence results, the
initial six trials from each block were also removed. The
mean SRT was then calculated for each participant in
the test (morning) and retention (afternoon) sessions (Fig-
ure 1). Separate mixed-effects ANOVAs compared block
(random vs. sequence), session (test vs. retention), and
group (L-DLPFC vs. R-DLPFC vs. OC) for speed (based
upon RT) and accuracy (based upon the number of in-
correct button presses). Levene tests were used to ensure
normality of the data across groups. Paired-sample ¢ tests
compared the group’s changes in RTs from the test to the
retention session, separately for random and sequential
responses.

In addition, to measure change in skill, the relative dif-
ference between SRT on random and sequence blocks
was recorded. A relative SRT (rSRT) measure was defined
as the difference between means for the random and se-
quence trials, divided by the mean of the random trials,
that is, (random — sequence) / random. Skill, based upon
the rSRT, was therefore indexed between 0 (indicating
no learning of the sequence) and 1 (which is approached
as the SRT for the sequence trials approaches zero). For
each participant, skill during the retention session was sub-
tracted by skill during test, resulting in a measure of the
change in performance attributable to sequence-specific
learning. An ANOVA was used to compare the change in skill
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between groups (L-DLPFC vs. R-DLPFC vs. OC) with un-
paired ¢ tests used to explore a significant result. Sequence
recall was compared between groups with an ANOVA. A
Pearson correlation was performed between skill improve-
ments and sequence recall across all 30 participants.

RESULTS

SRTs were shorter for sequence blocks than random
blocks in the morning test session, showing the expected
skill acquisition in all groups (Figure 2A). When tested
in the evening retention session, there was a modest re-
duction in RTs for the random blocks in all three groups.
However, there were clear differences in performance
in the sequence blocks between morning and evening,
showing differential consolidation across the three groups.

To explore these differences, SRTs were analyzed with
a mixed-model ANOVA comparing the two block types
(random and sequential), the two sessions (test and re-
tention), and the three groups (defined by stimulation
site). There was a main effect of block type, F(1,27) =
47.38, p < .001, with significantly faster performance oc-
curring on the sequential trials (mean = SEM: 280 = 19
vs. 356 = 12 msec). There was a near-significant trend to-
ward faster SRTs in the retention session (mean = SEM:
test = 327 * 16 and 309 * 16 msec), F(1,27) = 3.68,
p = .06, and trends toward group interactions with ses-
sion, F(2,27) = 2.77, p = .08, and block type, F(2,27) =
2.93, p = .07. However, as predicted by our hypothe-
sis, there was a reliable three-way interaction between
group, session, and block type, F(2,27) = 12.27, p <

.001, consistent with our hypothesis. Paired-sample, two-
tailed ¢ tests were used to explore the origins of this
three-way interaction.

For the OC group, there was no significant change in
mean RT from test to retention for either random (mean =+
SEM = 8 = 22 msec), t(9) = 0.39, p = .7, or sequential
blocks (mean + SEM = —29 * 28 msec), t(9) = 1.04,p =
.33. The two groups that received DLPFC stimulation did not
change their performance for the random blocks (mean =+
SEM: L-DLPFC = 14 = 11 msec; R-DLPFC = 24 = 11 msec),
1(9) = 1.20, p = .26 and #(9) = 2.05, p = .07, respectively,
but improved significantly for sequence blocks (mean =
SEM: 1L-DLPFC = 25 *= 7 msec, R-DLPFC = 63 = 14 msec),
1(9) = 3.10, p = .01 and #(9) = 4.58, p = .001, respectively.

To assess the effect of stimulation site, a one-way between-
subject ANOVA was used to analyze the within-subject
change in rSRT between test and retention sessions (mean
change in skill ((random — sequence) / random) *+ SEM:
L-DLPFC = 0.4 = 0.2, R-DLPFC =0.11 £0.2,0C = —0.8 =
0.4),F(2,29) = 11.6,p = .0005 (Figure 2B). Tukey post hoc
tests revealed that stimulation of either DLPFC lead to sig-
nificantly greater consolidation relative to the occipital con-
trol site (p = .015 and .0005, for the left and right DLPFC
relative to OC, respectively). In addition, right DLPFC stim-
ulation lead to significantly greater improvement than left
DLPFC stimulation (p = .04; see Figure 2B).

Counter to our hypothesis, there was only a trend to-
ward a reliable difference between the groups on the
free-recall test (L-DLPFC = 6.7 = 2, R-DLPFC = 7.9 =
2.2, OC = 9 items = 2.6; ANOVA), F(2,29) = 2.5, p = .1.
Accordingly, we collapsed data across the three groups to
investigate whether recall was inversely related to skill

Figure 2. Changes in RT
and skill. (A) Participants
performance in the test

and retention sessions for
sequential (gray) and random
(black) blocks within the
L-DLPFC, R-DLPFC, and OC
groups. (B) Change in rSRT
between test and retention
sessions. Stimulation of either
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change, as predicted by the consolidation competition hy-
pothesis. In accordance with the hypothesis, a negative cor-
relation was found, with an increase in skill being predicted
by a reduction in free recall of the sequence (Pearson R =
—0.35, p = .03, one-tailed; Figure 3).

Error Rates

There were no significant differences in error rates across
the three groups, F(1,27) = 1.6, p = .22, or sessions (test vs.
retention), F(1,27) = 0.8, p = .38. There was a significant
effect for block type (sequential vs. random), F(1,27) =
22.8, p < .001. Sequential error rates were 5% = 0.01%,
whereas random error rates were 8% = 0.02%. No interac-
tions approached significance, each F(2,27) < 0.13, p =
.718. Accordingly, the effects of TMS seem to be limited
to the efficiency with which the patterns are produced,
not their accuracy.

DISCUSSION

We have shown that ¢TBS over the left or right DLPFC
immediately after a sequence learning task results in pro-
cedural skill improvement for the task when measured
after 8 hours of wakefulness. Stimulation over an occipital
control site did not cause any improvement in skill. Fur-
thermore, a negative correlation between free recall of
the sequence and our within-subject measure of change
in procedural skill suggests that improvement in perfor-
mance was predicted by reduced ability to recall the se-
quence. We have thus provided evidence that declarative
consolidation competes with procedural consolidation,
and disrupting declarative consolidation has facilitated or
disinhibited the wakeful consolidation of a motor skill.
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2 ¢ « 8 =
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Figure 3. Correlation between sequence recall and changes in skill.
A Pearson correlation was performed between skill change
(retention — test) and sequence recall across all 30 participants.

A negative correlation was found, with an increase in skill

being predicted by a reduction in free recall of the sequence
(Pearson R = —0.35, p = .03, one-tailed).

Although previous studies have shown small off-line
improvements in an explicit SRTT task during wakeful-
ness, these are considerably smaller than after a period
of sleep and typically fail to be significantly greater than
zero (e.g., Spencer et al., 2006; Walker et al., 2002). In
addition Brown and Robertson (2007b) showed that this
specific SRTT can result in a decrement in skill after a per-
iod of wakefulness (as we saw in our control group), pro-
viding a stark contrast with our results elicited following
cTBS to the DLPFC. We do not yet know what effect cTBS
would have on sleep-dependent consolidation. So al-
though it would be informative to measure post-TBS re-
tention effects after a period of sleep, our conclusion that
we have induced wakeful consolidation of a procedural
motor skill stands up independent of sleep-related effects.

The complementary difference between our results (i.e.,
performance improvements following DLPFC disruption)
and Brown and Robertson’s (2007b) demonstration that de-
clarative learning of the sequence task leads to performance
decrements during the daytime provides clues to the mech-
anism underlying our performance improvement. These
two effects would be most simply accounted for by a com-
petitive consolidation hypothesis in which declarative mem-
ory systems functions draw resources away from procedural
memory systems. In this model, a declarative learning task
would demand significant memory resources, and this
would lead to a reduction of resources for procedural mem-
ory systems. In our case, by disrupting the DLPFC, we have
reduced the ability of the declarative memory system to de-
mand general memory resources, allowing additional re-
cruitment of these resources for procedural consolidation.

We have no way of directly identifying the effect of
cTBS on neural activity within the DLPFC. Although there
is no existing literature on its effects on DLPFC, this pro-
tocol has been shown to lead to depression of activity in
motor cortex over extended durations (Huang et al.,
2005). However, it has also been suggested that this pro-
tocol could lead to facilitation in motor cortex if it follows
a period of activity (Iezzi et al., 2008) or if applied for only
brief periods (Huang & Rothwell, 2004). Nonetheless, the
relevance of the effects of ¢TBS of the motor cortex to
the effects of ¢cTBS of the DLPFC remains ambiguous. Un-
like the motor system, where effects on motor-evoked
potentials are well defined, the ability to record the mag-
nitude of a behavioral event induced by TMS to the DLPFC
or any higher cognitive area for that matter has yet to be
demonstrated.

Interestingly, a clear difference was found between the
effects of stimulation of left and right DLPFC, where cTBS
over the right DLPFC resulted in greater off-line skill im-
provement in comparison to cTBS over the left DLPFC. Bilat-
eral DLPFC activation has been reported during sequence
learning in the SRTT (Olson et al., 2006; van der Graaf
etal., 2006; Bischoff-Grethe, Goedert, Willingham, & Grafton,
2004; Grafton et al., 1995, 2002; Hazeltine et al., 1997), and
greater activation is seen bilaterally during an explicit SRTT
compared with an implicit SRTT (Willingham et al., 2002).
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But our results are more consistent with earlier work (e.g.,
Hazeltine et al., 1997, Grafton et al., 1995). Specifically, these
authors showed that when the SRTT involves a declarative
component, activation is greater in the right DLPFC. Our
datasuggest that the consolidation of an explicit SRTT
engages a network involving bilateral DLPFC because cTBS
was effective on left and right hemispheres. However, the
right hemispheric stimulation did have a greater effect, sug-
gesting a more pronounced role for R-DLPFC.

In addition, the negative correlation between recall of
the sequence and performance improvements suggests
that, after a period of wakefulness, degraded declarative
knowledge is coupled with an improvement in procedural
skill. One conclusion is that cTBS over the DLPFC results
in decreased declarative knowledge, and this causally and
quantitatively leads to increased procedural skill. However,
the L-DLPFC group showed weaker declarative knowledge
of the sequence than the R-DLPFC group, whereas the rel-
ative change in procedural skill was reversed between the
two groups. Hence, there may be hemispheric differences
that need to be further explored.

It is also possible that cTBS over either left or right
DLPFC resulted in wakeful procedural consolidation
through the disruption of declarative knowledge within
different, spatially remote, memory systems. Brown and
Robertson (2007b) previously showed that learning a
word list after an explicit SRTT degraded the ability to
freely recall the sequence. This is consistent with the no-
tion that the declarative encoding of the sequence is fil-
tered through an internal monologue, despite the fact
that the items were not explicitly associated with a verbal
representation. Accordingly, the effect of left DLPEC
could be the result of disruption of the linguistic repre-
sentation of the sequence within the prefrontal cortex of
the left hemisphere.

On the other hand, cTBS over the right hemisphere is
not consistent with this account; rather, ¢IBS to R-DLPFC
may disrupt the development of declarative knowledge
within spatial memory systems due to the spatial arrange-
ment of the cues on the screen. Schwarb and Schumacher
(2009) recently dissociated learning-related processes
from selection-related processes in the right prefrontal
cortex using the SRTT. Although the region they reported
is dorsal to our stimulation target, our finding comple-
ments their suggestion that selection processes modulated
by sequence knowledge are prominent in the prefrontal
cortex of the right hemisphere, when the task is spatial
in nature.

There are two potential mechanisms for the recovery
of daytime procedural consolidation by disrupting DLPFC,
a direct disinhibition model, in which disrupting the
DLPFC disinhibits procedural memory systems, facilitating
consolidation. Alternatively, a competition suppression
model would suggest that disrupting the DLPFC removes
its requirement for some shared cognitive resource, leaving
more resources available for the procedural memory sys-
tem. Given the previous findings of Brown and Robertson
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(20072, 2007b), we believe that our data favor the competi-
tion suppression model in the explanation of the present
results.

Our work makes clear that interactions between de-
clarative and procedural consolidation systems are influ-
enced by the DLPFC, especially in the right hemisphere,
and its disruption facilitates the consolidation of proce-
dural skill. Nonetheless, the exact role of the DLPFC in
the consolidation of an explicit SRTT remains ambiguous,
and future work will be necessary to uncover the form
and the location of the resources for which the declara-
tive and the procedural memory systems compete.
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