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Abstract

Inhibitory control commonly recruits a number of frontal regions: pre-supplementary motor area
(pre-SMA), frontal eye fields (FEFs), and right-lateralized posterior inferior frontal gyrus (IFG),
dorsal anterior insula (DALI), dorsolateral prefrontal cortex (DLPFC), and inferior frontal junction
(IFJ). These regions may directly implement inhibitory motor control or may be more generally
involved in executive control functions. Two go/no-go tasks were used to distinguish regions
specifically recruited for inhibition from those that additionally show increased activity with
working memory demand. The pre-SMA and IFG were recruited for inhibition in both tasks and
did not have greater activation for working memory demand on no-go trials, consistent with a role
in inhibitory control. Activation in pre-SMA also responded to response selection demand and was
increased with working memory on go trials specifically. The bilateral FEF and right DAI were
commonly active for no-go trials. The FEF was also recruited to a greater degree with working
memory demand on go trials and may bias top—down information when stimulus-response
mappings change. The DAI, additionally responded to increased working memory demand on
both go and no-go trials and may be involved in accessing sustained task information, alerting, or
autonomic changes when cognitive demands increase. DLPFC activation was consistent with a
role in working memory retrieval on both go and no-go trials. The inferior frontal junction, on the
other hand, had greater activation with working memory specifically for no-go trials and may
detect salient stimuli when the task requires frequent updating of working memory
representations.

INTRODUCTION

Response inhibition typically involves withholding a prepotent response when an infrequent
stimulus occurs. Inhibitory control recruits the pre-supplementary motor area (pre-SMA),
frontal eye fields (FEFs), and a series of right-lateralized prefrontal regions including the
inferior frontal gyrus (IFG), dorsal anterior insula (DAI), dorso-lateral pFC (DLPFC), and
inferior frontal junction (IFJ; Levy & Wagner, 2011; Swick, Ashley, & Turken, 2011;
McNab et al., 2008; Rubia et al., 2001). Although these regions have been implicated in
response inhibition, their precise role is unknown. They may be directly involved in the
motor control necessary to implement a nonprepotent action plan or may be more generally
involved in other aspects common to response inhibition paradigms such as retrieving
nonprepotent task goals, response selection under increased demand, or updating attention.
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Both the pre-SMA and right posterior IFG (BA 44/BA 45) are structurally and functionally
connected to the sub-thalamic nucleus and BG (Swann et al., 2012; Aron, Behrens, Smith,
Frank, & Poldrack, 2007; Aron & Poldrack, 2006), forming part of hyperdirect and indirect
circuits responsible for motor control (Zandbelt, Bloemendaal, Hoogendam, Kahn, & Vink,
2013; Aron, 2011; Jahfari et al., 2011; Zandbelt & Vink, 2010). However, several studies
have suggested that they do not directly implement the motor control necessary to withhold
a prepotent response. Instead, they may play related functions necessary for inhibitory
control such as updating action plans (Verbruggen, Aron, Stevens, & Chambers, 2010;
Mostofsky & Simmonds, 2008; Mars, Piekema, Coles, Hulstijn, & Toni, 2007), context
monitoring (Chatham et al., 2012), allocating attention (Sharp et al., 2010), representing
expectancy (Zandbelt, Bloemendaal, Neggers, Kahn, & Vink, in press; Shulman et al.,
2009), setting response thresholds (Chen, Scangos, & Stuphorn, 2010), or preparing for
controlled processing (Swann et al., 2012; Aron, 2011).

During most inhibitory control paradigms, response inhibition occurs infrequently. One
study identified an a priori inhibitory control network and found that across all regions
activity was significant not only for infrequent inhibit events, but also for infrequent respond
and infrequent count events (Hampshire, Chamberlain, Monti, Duncan, & Owen, 2010).
Activity was not significantly different between the inhibit and respond events in the IFG
and pre-SMA, suggesting that these regions may not reflect inhibitory control but rather
other aspects of responding to infrequent events. This is consistent with the notion that the
pre-SMA, which plays a central role in inhibitory control (Simmonds, Pekar, & Mostofsky,
2008), is more generally involved in response selection (Mostofsky & Simmonds, 2008;
Isoda & Hikosaka, 2007) and setting response thresholds (Chen et al., 2010).

The right-lateralized IFG/DAI and TPJ are commonly recruited during response inhibition
but also have been identified as comprising a ventral attention network (Fox, Corbetta,
Snyder, Vincent, & Raichle, 2006). The ventral attentional network is active not just when
inhibiting a prepotent response but also when infrequent stimuli are responded to such as
during the Oddball and Posner Orienting paradigms (Levy & Wagner, 2011). This suggests
that the role of the ventral attentional network may not be inhibition per se, but reorienting
attention to salient stimulus features and/or changing action plans (Corbetta, Patel, &
Shulman, 2008; Corbetta, Kincade, & Shulman, 2002). Studies that have controlled for
response type by including both infrequent no-go trials as well as infrequent go trials have
concluded that the posterior IFG (BA 44/BA 45), in particular, may implement inhibitory
control, while a nearby region, the IFJ may be involved in attention allocation (Cai &
Leung, 2011; Levy & Wagner, 2011; Chikazoe, 2010; Chikazoe et al., 2009). Other studies,
however, suggest that the right IFG is involved in context monitoring (Chatham et al., 2012)
or detection of infrequent stimuli (Sharp et al., 2010) and not response inhibition. The
nearby right DAI is also commonly recruited for inhibitory control and a meta-analysis
found that this region, rather than the posterior IFG, was the locus of right-lateralized
activation for inhibitory control tasks (Swick et al., 2011). The DAL is functionally
connected not only to the ventral attentional network but also to the cingulo-opercular
network, which has been implicated in sustaining task information over a block of trials
(Dosenbach et al., 2007) and also responds to autonomic changes associated with task
demand (Critchley, 2005; Critchley, Wiens, Rotshtein, Ohman, & Dolan, 2004; Critchley,
Melmed, Featherstone, Mathias, & Dolan, 2002; Critchley, Corfield, Chandler, Mathias, &
Dolan, 2000). Therefore, this region may play a more general role in executive function,
rather than inhibitory control per se.

Both the pre-SMA and right IFG are recruited not only for response inhibition; activity in
these regions has also been observed during working memory tasks (Rama, Sala, Gillen,
Pekar, & Courtney, 2001; Petit, Courtney, Ungerleider, & Haxby, 1998). A study comparing
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activation for these two task types has shown that there is overlapping activation in pre-
SMA and right IFG, among other regions, for both response inhibition and working memory
tasks (McNab et al., 2008). During working memory tasks, these regions may directly
contribute to working memory maintenance and retrieval functions (D’Esposito, 2007;
Rypma, Berger, & D’Esposito, 2002; D’Esposito, Postle, Ballard, & Lease, 1999), attention
(Chun, 2011; Gazzaley, 2011), or updating of working memory contents (Roth, Serences, &
Courtney, 2006). Alternatively, activation of these regions may not directly reflect working
memory demand, but instead may reflect downstream processing involved in motor
response selection and control (Mostofsky & Simmonds, 2008; Petit et al., 1998). While the
pre-SMA may be involved in motor aspects of response selection and control, it is directly
interconnected with regions representing abstract task information in contrast to the more
caudal SMA-proper that is principally connected to primary motor cortex (Mostofsky &
Simmonds, 2008; Johansen-Berg et al., 2004). Therefore, it is not clear whether the pre-
SMA represents the more abstract aspects of action plans related to task goals or the
response representations themselves. The DLPFC, on the other hand, has been traditionally
associated with working memory (Vincent, Kahn, Snyder, Raichle, & Buckner, 2008).
Although it has been implicated in inhibitory control tasks, it plays a clear role in
representing and retrieving more abstract task information, which supports inhibitory control
under more complex task demands (Simmonds et al., 2008; Mostofsky et al., 2003).

The FEFs are also commonly recruited during inhibitory control (Muggleton, Chen, Tzeng,
Hung, & Juan, 2010). This region is classically considered part of the oculomotor circuitry
and is more generally recruited when a nonprepotent action plan is implemented. It is
intrinsically connected with parietal and higher-order visual regions (Fox et al., 2005),
suggesting that it plays a role in biasing stimulus—response mappings when a nonpre-potent
task is performed.

The current study examined whether regions that play a role in response inhibition (i.e., pre-
SMA, FEF, and right lateralized prefrontal regions: posterior IFG, DAI, DLPFC, and IFJ)
are also modulated by working memory demand. This was assessed using two go/no-go
tasks: a simple task that had a straightforward stimulus response mapping (green = go, red =
no-go) with minimal working memory demand and a repeat task that had an inconsistent
stimulus response mapping (color change = go, color repeat = no-go), which required
working memory to cue response inhibition. The aim was to distinguish those regions
involved in motoric aspects of response selection/inhibitory control from those involved in
other executive functions that are required when working memory demand increases.

In line with previous findings (Mostofsky et al., 2003), it was expected that the pre-SMA
would be involved in response selection/inhibition for both tasks, whereas the DLPFC
would be involved in maintaining goal-relevant task information and would have increased
activity associated with greater working memory demand in the repeat task. Additionally, it
was expected that response selection would be relatively automatic during simple go trials
whereas response selection demand would be increased during repeat go trials, due to the
inconsistent stimulus response mappings. In that task, it was expected that activity in the
FEF would be increased for repeat go trials associated with biasing task information for
response selection. For no-go trials, it was hypothesized that ventral attentional network
regions (i.e., right DAl/posterior IFG and TPJ), which are involved in detecting behaviorally
relevant stimuli that cue a change from the prepotent action plan (Levy & Wagner, 2011;
Corbetta et al., 2002, 2008), would be active in both tasks. Furthermore, given previous
findings revealing that the posterior IFG is specifically involved in response inhibition,
although the nearby IFJ is more generally modulated by attention demands (Cai & Leung,
2011; Levy & Wagner, 2011; Chikazoe, 2010; Chikazoe et al., 2009), it was expected that
activation in the IFJ would be increased associated with updating attention in the repeat task.
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METHODS

Participants

Twenty-two healthy, right-handed adults (10 men), aged 20-40 years (mean = 28.97 years,
SD = 5.22 years) participated in the study. Participants were recruited through local
advertisements and had no history of mental illness or substance abuse. The study was
approved by the Johns Hopkins Medicine Institutional Review Board. Informed consent was
signed before task participation.

fMRI Behavioral Paradigm

Two go/no-go tasks were performed by all participants (Figure 1). For each trial, spaceship
stimuli were presented for 300 msec followed by a 1500-msec ISI. Twelve-second blocks of
rest occurred at the beginning, end, and four times throughout each run. The proportion of
go/no-go trials was 3:1, with 78 go trials and 26 no-go trials occurring in each run. The first
two trials of every block were go trials, and the trials were pseudorandomly ordered so that
zero to six go trials preceded a given no-go trial. Participants performed two runs each of the
two go/no-go tasks. Each run was preceded by instructions and 20 practice trials. Half of the
participants performed the two simple runs first and the other half performed the two repeat
runs first.

For the simple go/no-go task, stimulus response associations were well ingrained and easy to
remember. Go stimuli were green, whereas no-go stimuli were red. For the repeat task,
stimulus response associations were not constant and required working memory to guide
response selection. Stimuli were 50% blue and 50% yellow, with neither color consistently
cuing a go or no-go event. A change in the stimulus color signaled a go trial, whereas a
repetition of the stimulus color signaled a no-go trial. Participants were therefore required to
remember the color of the previous stimulus to determine the correct response.

fMRI Acquisition and Preprocessing

Imaging data were acquired on a Philips 3T scanner. This included a high-resolution
anatomical scan (MPRAGE, eight-channel head coil, repetition time = 7.99 msec, echo time
= 3.76 msec, flip angle = 8°) for image coregistration, segmentation and normalization
processing steps. The behavioral task was performed during four fMRI runs (2DSENSE
EPI, eight-channel head coil, repetition time = 2500 msec, echo time = 30 msec, flip angle =
70°). Each run was 4 min 5 sec in duration.

Preprocessing of functional data was performed using SPM5 and included slice timing
correction; motion correction; coregistration of the first functional image in the run to the
MPRAGE image; segmentation of gray matter, white matter, and cerebrospinal fluid using
SPM probabilistic tissue priors; normalization to standard Montreal Neurological Institute
space; resampling of voxels to 2 mm3; and 8 mm FWHM smoothing.

fMRI Data Analysis

SPMS5 was used to create general linear models. For each subject, first-level models included
up to five regressors for each trial type for both the simple and repeat tasks: go, no-go,
commission errors (i.e., no-go trial errors), omission errors (i.e., go trial errors), and
anticipatory responses (i.e., trials on which responses were faster than 200 msec). Each of
these regressors was convolved with the canonical hemodynamic response function in
SPMS5. In addition, six motion parameters and a block parameter were included as regressors
for each run.
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Second-level, one-sample £tests were then performed across participants to produce group-
level activation maps for go and no-go conditions. All activation maps were thresholded at a
voxel-wise pvalue of .001 and multiple comparisons corrected at a cluster-level pvalue of .
05 according to random field theory (Worsley et al., 1996). To examine activation that is
common across both tasks, conjunction analyses were performed separately for the go and
no-go conditions. These analyses identified voxels that were significantly active for a
particular condition during both the simple and repeat tasks. To examine activation that is
distinct for the two tasks, one-sample ¢tests were performed to identify regions that had
differential activation for the two tasks (i.e., repeat > simple go, repeat > simple no-go,
simple > repeat go, and simple > repeat no-go).

Behavioral Results

Behavioral results are displayed in Table 1. RTs were significantly slower ({21) =5.36, p
<.001) and intrasubject variability (ISV; standard deviation RT/mean RT) was significantly
higher (421) = 3.80, p < .001) in the repeat as compared with the simple task. In addition,
both commission (421) = 6.03, p < .001) and omission error rates (21) = 3.52, p=.002)
were significantly higher in the repeat task.

fMRI Results

Within-Task Activations—Figure 2 displays those voxels that were significantly active
for the go condition in the simple and repeat tasks as well as those voxels that were
significantly active for both tasks identified in the conjunction analysis. Go activation that
was observed in both tasks (Table 2) included left primary motor/precentral gyrus (M1), the
supplementary motor complex (SMC), including both SMA and pre-SMA, left caudate and
putamen; left thalamus; and the fourth, fifth, and sixth lobules of the right cerebellum. These
regions comprise a well-established left-lateralized motor network (Barber et al., 2012;
Mostofsky et al., 2009). The repeat go condition also recruited bilateral dorsal premotor
cortex, bilateral middle frontal gyrus (MFG)/IFG, left inferior parietal lobule (IPL), superior
parietal lobule (SPL), bilateral caudate and putamen, and a number of cerebellar regions
including the fourth, fifth, sixth, and seventh vermal lobules, the Crus 1 lobule of the right
cerebellum, and the sixth and Crus 1 lobule of the left cerebellum.

Figure 3 displays those voxels that were significantly active for the no-go condition in both
tasks and those voxels identified in the no-go conjunction analysis. No-go activation that
was consistent in both included pre-SMA, the right putamen, superior/middle temporal
gyrus, DAI/ IFG, TPJ, bilateral dorsal premotor regions, and the sixth and Crus 1 lobules of
the left cerebellum (Table 3). The simple no-go condition additionally recruited the left
caudate and putamen, the right fusiform, and right middle temporal/superior temporal gyri
(BA 22/BA 21), whereas the repeat no-go condition additionally recruited a larger extent of
premotor cortex bilaterally, the left DAI, left MFG, and bilateral IPL/SPL. Of note, simple
no-go activation occurred in the right IFG at the reported significance threshold but was
confined to the frontal operculum/DAI (BA 13/BA 47). This activation did not extend into
the right posterior IFG (the area that is commonly associated with response inhibition);
however, there was distinct activation that was significant and survived a cluster-level
multiple comparisons correction when the voxel-level threshold was reduced to p< .01. This
significant but reduced threshold activation was confined within the right posterior IFG (BA
44/BA 45) and did not extend into the right IFJ.

Conjunction Analysis: Overlapping Activation—The conjunction analyses identified
activation that overlapped across both tasks. For the go condition, these regions included the
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SMC; left M1; left putamen; the tail of the caudate bilaterally; and the fourth, fifth, and sixth
lobules of the right cerebellum (Figure 2). For the no-go condition, these regions include the
rostral portion of the SMC (i.e., pre-SMA), bilateral dorsal premotor cortex, right IFG/DAI,

right TPJ, and the sixth and Crus 1 lobules of the left cerebellum (Figure 3).

Between-Task Activations—Figure 4 displays regions that were significantly more
active for the repeat as compared with the simple task. For the go condition, these regions
included the bilateral IPL, bilateral dorsal premotor cortex, SMC, bilateral DAL, right middle
temporal gyrus, bilateral caudate, and the left MFG (Figure 4 and Table 4). For the no-go
condition, greater activation for the repeat than simple task was observed in bilateral IPL,
right DAL, and bilateral MFG (Figure 5 and Table 5). To determine whether subthreshold
activation may be present in the posterior IFG, TPJ, FEF, or pre-SMA in the repeat > simple
no-go contrast, activation at a reduced voxel-level threshold of p < .01 was examined. There
were no significant clusters within those regions at the reduced threshold.

Figure 4 displays regions that were significantly more active for the simple go than repeat go
condition. These regions included the medial pFC (MPFC), including the superior frontal
gyrus and the OFC, the posterior cingulate cortex (PCC), and the middle temporal and
angular gyri (Table 6). These regions comprise the default mode network. A similar set of
default mode regions were more active for the simple no-go as compared with the repeat no-
go condition: the MPFC, including the superior frontal gyrus and the OFC, the PCC/
precuneus, the left superior/ middle temporal, and angular gyrus (Figure 5 and Table 7).

DISCUSSION

The current study examined response selection and inhibition during two go/no-go tasks.
The simple task used a well-ingrained, consistent stimulus response mapping (green = go,
red = no-go) in which working memory demands were minimized. The repeat task had
inconsistent stimulus response mappings, which required maintenance of the previous
stimulus color (color switch = go, color repeat = no-go) to make the correct response.
Regions that were recruited for motor control in both tasks were distinguished from regions
that responded to working memory demand and were more active in the repeat task.

Inhibitory Control Circuit

The current study found activation for no-go trials in both tasks in regions that are
commonly implicated in inhibitory motor control, including the pre-SMA, right DAI/
posterior IFG, TPJ, striatum, and cerebellum. It has been proposed that these regions work
to implement “braking” when it is necessary to stop a prepotent action (Zandbelt,
Bloemendaal, Hoogendam, et al., 2013; Aron, 2011; Jahfari et al., 2011; Zandbelt & Vink,
2010). The pre-SMA, right IFG, and striatum are both functionally (Zandbelt & Vink, 2010)
and structurally connected (Swann et al., 2012; Aron et al., 2007; Aron & Poldrack, 2006),
suggesting that they form cortical BG circuits, which implement motor response inhibition.

A braking function was also proposed by Corbetta and colleagues (2002, 2008) to describe
the role of the right TPJ and IFG in visual attention tasks. Consistent with that account, the
current study found right-lateralized activity that was common to both tasks within the
anterior portion of the TPJ (BA 22/BA 42) and the DAI/IFG (BA 13/ BA 47). When the
threshold was reduced for the simple no-go condition, the frontal region extended into the
posterior portion of the IFG, the pars opercularis (BA 44) and pars triangularis (BA 45),
which have been specifically associated with response inhibition (Cai & Leung, 2011; Levy
& Wagner, 2011; Chikazoe, 2010; Chikazoe et al., 2009). This posterior IFG activation was
significant and survived cluster-level multiple comparisons correction in the current study.
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Together, the TPJ and DAI/IFG are intrinsically connected at rest, forming what has been
termed a ventral attentional network (Mars et al., 2012; Fox et al., 2006). They have been
traditionally associated with reflexive reorienting tasks (Levy & Wagner, 2011; Corbetta et
al., 2002, 2008) and, therefore, are not specifically active for inhibitory control but respond
more generally when a non-prepotent action plan is implemented (Hampshire et al., 2010;
Chikazoe, Konishi, Asari, Jimura, & Miyashita, 2007).

The pre-SMA is also a well-established region involved in inhibitory control (Simmonds et
al., 2008). In the current study, pre-SMA activation was common for both inhibition (during
no-go trials) and response selection (during go trials) in the simple and repeat tasks,
consistent with previous findings that this region is involved in response selection in
addition to inhibition (Mostofsky & Simmonds, 2008). The pre-SMA, therefore, may be
directly involved in stopping a planned motor action (Sharp et al., 2010) and may play a
general role in setting response thresholds in preparation for response inhibition (Chen et al.,
2010). In a study using human intracranial recording, it was found that the pre-SMA was
active during a preparatory period and again just before the inhibition was implemented,
suggesting that it is involved in both proactive and reactive inhibitory control (Swann et al.,
2012). In addition, this region is connected with both the DLPFC and SMA, making it well
situated to influence motor commands in line with task goals (Mostofsky & Simmonds,
2008). The pre-SMA was commonly activate for both tasks in the go and no-go conditions.
In addition, there was an anterior portion of the pre-SMA, extending into the rostral
cingulate zone (RCZ) that was modulated by working memory demand (i.e., showed
significant activity for the repeat > simple go contrast). Since response selection was
relatively automatic during the simple task, this pre-SMA activity may have reflected
increased demands for motor response selection and control in the repeat task, when
stimulus response mappings were inconsistent. The RCZ is active during error trials but also
plays a role in correct trials that have increased response selection demands (Nee, Kastner,
& Brown, 2011). It has been hypothesized that this region responds to action outcome
predictions and, in particular, unexpected nonoccurrences (Alexander & Brown, 2011).
Whereas activation of this region in the repeat no-go condition is consistent with this
interpretation, activation in the repeat—-simple go contrast suggests that it may be more
generally involved in response selection when stimulus response mappings change and
flexible task representations are required. Therefore, the RCZ does not just respond to action
outcome frequency, which in the current study is the same for the simple and repeat tasks,
but may instead respond to action outcome uncertainty based on the history of previous
stimulus associations. This is supported by previous findings that there is overlapping
activity in this region for error trials and for novel, uninstructed stimuli (Wessel,
Danielmeier, Morton, & Ullsperger, 2012) and also that this region responds to irrelevant
stop stimuli (Boehler, Appelbaum, Krebs, Chen, & Woldorff, 2011).

Response Selection and Inhibition under Working Memory Demand

The DLPFC is classically considered to play a role in working memory function. Neurons
within the DLPFC maintain task information over delay periods (Goldman-Rakic, 1987,
1996) and are responsible for representing relevant task information even in the face of
distractors (Sakai, Rowe, & Passingham, 2002; Miller, Erickson, & Desimone, 1996). The
DLPFC and IPL form a frontoparietal network that represents goal-relevant information
(Vincent et al., 2008). In the current study, these regions were modulated by working
memory demand in both the go and no-go conditions, reflecting the need to maintain the
stimulus color from one trial to the next in the repeat task.

The inferior frontal cortex (BA 44/BA 45/BA 47) also plays a role in working memory,
which is dissociable from that of the DLPFC (D’Esposito, 2007; Rypma et al., 2002;
D’Esposito et al., 1999). This latter region has been implicated in working memory
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maintenance and may update attention and/or working memory representations (Roth et al.,
2006; Brass, Derrfuss, Forstmann, & von Cramon, 2005). The current study found a further
dissociation between the DLPFC and distinct parts of the inferior frontal cortex: the right
IFG, which was involved with inhibitory control but did not respond to working memory
demand, and the right IFJ, which was modulated by working memory demand. This is
consistent with the interpretation that the IFJ is involved in attention allocation and updating
of task representations (Roth et al., 2006; Brass et al., 2005)

The right IFJ has been commonly implicated in the detection of behaviorally relevant target
stimuli (Cai & Leung, 2011; Levy & Wagner, 2011; Chikazoe, 2010; Chikazoe et al., 2009).
Although this region is commonly active for infrequent target stimuli that signal a change in
action plan, it is also active when target stimuli are equiprobable (Levy & Wagner, 2011)
and has been found for presentations of unexpected, task-irrelevant stimuli Asplund, Todd,
Snyder, & Marois, 2010). This suggests that the IFJ may be involved in assessing the
behavioral relevance of stimuli and updating working memory accordingly. In the current
study, the right IFJ was modulated by working memory demand specifically on no-go trials,
suggesting that it may be involved in detecting salient stimuli when the task requires
frequent updating of working memory representations.

In addition to the frontoparietal network (DLPFC-IPL) and IFJ, the DAI also showed an
effect of working memory demand. This region was commonly active for no-go trials in
both tasks. In fact, the locus of activation for no-go trials in both tasks was in the right DAI
and frontal operculum rather than the right IFG. This is consistent with previous studies that
have found this insular region consistently activated by response inhibition tasks (Swick et
al., 2011). However, unlike other inhibitory control regions found in the current study (i.e.,
pre-SMA, right IFG, and right TPJ), activity in this region was also modulated by working
memory demand (i.e., significant activity for the repeat > simple no-go contrast). Therefore,
the DAI may be more directly involved with accessing relevant maintained task information
(Dosenbach et al., 2007) or autonomic changes (Critchley, 2005; Critchley et al., 2000,
2002, 2004), rather than with withholding a prepotent response. The IFG and DAI are
commonly active together and the right-side DAI forms part of the ventral attentional
network (Fox et al., 2006); however, these two regions seem to serve different functions in
inhibitory control. Consistent with this view, a meta-analysis comparing activity in response
inhibition and reorienting tasks found that activity in the IFG pars opercularis was specific
to response inhibition, whereas activity in the DAI was common to both of these types of
task (Levy & Wagner, 2011). Therefore, the IFG may be more directly involved in
inhibiting prepotent action plans, whereas the DAI may orchestrate changes in sustained task
information (Dosenbach et al., 2007) and/or changes in autonomic state (Critchley, 2005;
Critchley et al., 2000, 2002, 2004) that accompany a response inhibition. These changes
may be necessary whenever task conditions are challenging, such as during inhibitory
control, as well as under working memory demand.

A separate set of regions, bilateral premotor cortex (BA 6), SPL (BA 7/BA 40), and bilateral
FEFs, responded to working memory demand for the go trials, but not for the no-go trials.
Activation in this set of regions may therefore be associated with guiding response selection
when stimulus response mappings are not straightforward. The bilateral premotor cortex
(BA 6) and SPL (BA 7/BA 40) form a dorsal attention network, which bias attention to task
goals (Corbetta et al., 2008; Fox et al., 2005, 2006). In the current study, response selection
was relatively automatic for the simple task because it was consistently mapped to green
stimuli, whereas response selection required greater selective attention in the repeat task
because the stimulus response mapping changed. Activation of these dorsal attention
network regions may therefore reflect greater need for top—down biasing of attention for
response selection in the repeat task. The FEF responded to working memory demand for go

J Cogn Neurosci. Author manuscript; available in PMC 2013 August 14.
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trials (i.e., in the repeat go > simple go contrast) but was also commonly recruited for
inhibitory control in both tasks. This region may therefore reflect additional response control
that is necessary whenever the selection of an action plan is not straighforward, both when
stimulus response mappings are inconsistent and when the action plan is nonprepotent. The
FEF is classically considered part of the circuitry for oculomotor control but is also active
for other response modalities (Muggleton et al., 2010; Corbetta et al., 1998). Although it
plays a role in inhibitory control (Muggleton et al., 2010), it is more generally implicated in
top—down biasing of attention (Corbetta et al., 2008).

All of the regions mentioned so far that were modulated by working memory demand are
known to be involved in implementing task control. A separate set of default mode regions
were less active for the repeat task as compared with the simple task (i.e., in both the simple
> repeat go and simple > repeat no-go contrasts). The default mode is involved in
representing internally directed, self-reflective thought (Buckner, Andrews-Hanna, &
Schacter, 2008). It is well known that default mode regions show opposing activity with
dorsal attention regions, particularly when working memory demand increases (Raichle &
Snyder, 2007; Fox et al., 2005; Raichle et al., 2001). In the current study, reduced activation
of default mode regions in both of the repeat task conditions reflects suppression of these
regions when working memory demand was increased.

The current study examined brain networks involved in motor response selection and
inhibition with two tasks involving consistent and inconsistent stimulus response mappings.
The effect of working memory demand on brain networks involved in motor control was
assessed. Regions that are generally associated with inhibitory control (right IFG, right TPJ,
and pre-SMA) were not affected by working memory demand on no-go trials. The DLPFC,
IFJ, DAI and FEF, on the other hand, showed unique patterns of activity for the two tasks,
which reflect specific roles in guiding goal-directed behavior for motor response selection
and inhibition. Activation in default mode regions was suppressed with greater working
memory demand during both go and no-go trials.
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Simple and repeat go/no-go tasks. In the simple task, go stimuli were green and no-go
stimuli were red. In the repeat task, a change in stimulus color indicated a go, whereas a
repetition of stimulus color indicated a no-go.
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Conjunction Both Tasks

Figure 2.
Go condition activation. Regions with significant activation in the simple task are displayed

in blue. Regions with significant activation in the repeat task are displayed in purple.
Regions that are significantly active in both tasks are displayed in yellow.
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Conjunction Both Tasks

Figure 3.

No-go condition activation. Regions with significant activation in the simple task are
displayed in blue. Regions with significant activation in the repeat task are displayed in
purple. Regions that are significantly active in both tasks are displayed in yellow.
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Figure4.

Regions with significantly greater activation in the simple than repeat task during the go
condition are displayed in blue. Regions with significantly greater activation in the repeat
than simple task during the go condition are displayed in red.
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Figureb5.

Regions with significantly greater activation in the simple than repeat task during the no-go
condition are displayed in blue. Regions with significantly greater activation in the repeat
than simple task during the no-go condition are displayed in red.
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Table 1

Behavioral Results for the Simple and Repeat Tasks

RT 1SV Commission Rate  Omission Rate
Simple  373.12 (107.52)  0.20 (0.05) 3.59 (4.72) 0.36 (1.04)
Repeat  454.01 (128.03) 0.25 (0.05) 11.87 (10.37) 4.97 (10.87)
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