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Functional Dissociation in Right Inferior
Frontal Cortex during Performance of Go/
No-Go Task

The contribution of the right inferior frontal cortex to response
inhibition has been demonstrated by previous studies of neuropsy-
chology, electrophysiology, and neuroimaging. The inferior frontal
cortex is also known to be activated during processing of
infrequent stimuli such as stimulus-driven attention. Response
inhibition has most often been investigated using the go/no-go task,
and the no-go trials are usually given infrequently to enhance
prepotent response tendency. Thus, it has not been clarified
whether the inferior frontal activation during the go/no-go task is
associated with response inhibition or processing of infrequent
stimuli. In the present functional magnetic resonance imaging
study, we employed not only frequent-go trials but also infrequent-
go trials that were presented as infrequently as the no-go trials. The
imaging results demonstrated that the posterior inferior frontal
gyrus (pIFG) was activated during response inhibition as revealed
by the no-go vs. infrequent-go trials, whereas the inferior frontal
junction (IFJ) region was activated primarily during processing of
infrequent stimuli as revealed by the infrequent-go versus frequent-
go trials. These results indicate that the pIFG and IFJ within the
inferior frontal cortex are spatially close but are associated with
different cognitive control processes in the go/no-go paradigm.
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Introduction

The contribution of the frontal cortex, especially the inferior
frontal cortex, to response inhibition has been demonstrated
by previous studies of neuropsychology (Iversen and Mishkin
1970; Butters et al. 1973; Aron et al. 2003; Chambers et al.
2006; Hodgson et al. 2007), electrophysiology (Pfefferbaum
et al. 1985; Kok 19806; Sasaki et al. 1989; Funahashi et al. 1993;
Bokura et al. 2001; Sakagami et al. 2001; Nakata et al. 2005),
and neuroimaging (Kawashima et al. 1996; Garavan et al. 1999;
Konishi et al. 1999; de Zubicaray et al. 2000; Liddle et al. 2001,
Rubia et al. 2001; Menon et al. 2001; Bunge et al. 2002;
Durston et al. 2002; Hester et al. 2004; Kelly et al 2004;
Matsubara et al. 2004; Aron and Poldrack 20006; Li et al. 20006;
Feredoes et al. 20006; Leung and Cai 2007). The inferior frontal
cortex has been also reported to be activated during
processing of infrequent stimuli (McCarthy et al. 1997;
Downar et al. 2000; Bledowski et al. 2004; Huettel and
McCarthy 2004; Stevens et al. 2005).

The go/no-go and stop tasks are most often used to
investigate response inhibition. These paradigms require
subjects to inhibit prepotent responses in the no-go and stop
trials in the go/no-go and stop tasks, respectively, against the go
trials that require subjects to respond to presented stimuli.
However, to enhance prepotent response tendency at the time
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of the no-go/stop trials, these trials are usually given in-
frequently relative to the go trials, because simply presenting
the go and no-go/stop trials in equal proportions may weaken
response inhibition in the no-go/stop trials. Therefore, pro-
cessing of infrequent stimuli such as stimulus-driven attention,
which should be separated from inhibitory processes, is
contained in these paradigms in the no-go/stop trials. Thus, it
is not clear whether the right inferior frontal activation during
the go/no-go and stop tasks is associated with response
inhibition or processing of infrequent stimuli, both of which
are known to activate the inferior frontal cortex. Moreover,
previous neuroimaging results associated with the go/no-go
and stop tasks have reported prominent activation in the
inferior frontal regions such as the posterior part of the inferior
frontal gyrus (pIFG) and the inferior frontal junction (IFJ) (see
Brass et al. 2005 for anatomical details) that are located very
close to each other, separated by only approximately 2 cm
Konishi et al. 2001). Thus, spatially extensive activation in the
inferior frontal cortex may stem from the fact that the go/no-
go task includes processing of infrequent stimuli, besides
response inhibition.

In the present functional magnetic resonance imaging
(fMRI) study, we employed a modified go/no-go task that
contained not only frequent-go trials but also infrequent-go
trials which were presented as infrequently as the no-go trials.
Brain regions associated with response inhibition were
revealed by comparing the no-go trials with the infrequent-go
trials, whereas brain regions associated with processing of
infrequent stimuli were revealed by comparing the infrequent-
go trials with the frequent-go trials. By using these contrasts,
the inferior frontal cortical activation that was related to each
of these component processes was dissociated.

Methods

Subjects and Imaging Procedures

Written informed consent was obtained from 25 healthy right-handed
subjects (10 males, 15 females; age 20-27). They were scanned using
experimental procedures approved by the institutional review board
of the University of Tokyo School of Medicine. The experiments were
conducted using a 1.5-T fMRI system. Scout images were first
collected to align the field of view centered on each subject’s brain.
T>-weighted spin-echo images were obtained for anatomical reference
(repetition time [TR] = 6660 ms; echo time [TE] = 30 ms; 90 slices,
slice thickness = 2.0 mm; in-plane resolution = 2 x 2 mm). For
functional imaging, a gradient echo echo-planar sequence was used
(TR = 4000 ms; TE = 50 ms; flip angle = 90°). Each functional run
consists of 37 whole brain acquisitions (28 x 4 mm slices; in-plane
resolution of 4 mm). The first four functional images for each run
were excluded from analysis to account for the equilibrium of
longitudinal magnetization.
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Bebavioral Procedures

Visual stimuli were presented to the subjects by projecting stimuli onto
a screen. The subjects viewed the screen through prism glasses. A
magnet-compatible button was pressed using the right thumb in
response to the presented stimuli. The go/no-go task employed in the
present study consisted of three types of trial: frequent-go, infrequent-
go and no-go trials (Fig. 1). In the frequent-go and infrequent-go trials,
the subjects were required to press a button as quickly as possible, and
in the no-go trial, the subjects were required not to press the button,
withholding the prepotent response tendency. For each trial, a colored
circle (24° x 2.4° in size) was presented for 400 ms, which was
followed by a 400-ms intertrial interval. The color of the circle
indicated the type of trial: gray indicated the frequent-go trial, whereas
yellow or blue indicated the infrequent-go or no-go trial. The
relationship between color (yellow/blue) and trial type (infrequent-
g0/no-go) was counterbalanced across subjects.

The go/no-go task in the present study was modified in order to
dissociate the activation associated with response inhibition and that
associated with processing of infrequently presented stimuli. The
infrequent-go trials were presented as infrequently as the no-go trials,
equating the demands for processing of infrequent stimuli, but the
infrequent-go trials did not require response inhibition. Thus, the
contrast of “no-go trials versus infrequent-go trials” was expected to
reveal brain regions associated with response inhibition, whereas the
contrast of “infrequent-go trials versus frequent-go trials” was expected
to reveal brain regions associated with processing of infrequently
presented stimuli. Twelve runs were administered to each subject.
In total, 1440 (75.4%) frequent-go, 234 (12.3%) infrequent-go, and
234 (12.3%) no-go trials were intermixed in pseudorandom order. Filler
frequent-go trials were presented at the beginning of each run (10 trials
at the beginning). The subjects practiced 1 or 2 runs prior to scanning.

Data Analysis

Data were analyzed using SPM2 software (http://www.fiL.ion.ucl.ac.uk/
spm/). Functional images were realigned, slice timing was corrected,
normalized to the Montreal Neurological Institute template with
interpolation to a 2 x 2 x 2 mm space, and spatially smoothed (full
width, half maximum = 8 mm). Then event timing was coded into
a general linear model (Worsley and Friston 1995). Transient events at
the time of the correct no-go and the correct infrequent-go trials, and
other events of no interest including error trials in the three types of
trial were modeled as events using the canonical function in SPM2. The
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Figure 1. The go/no-go task devised in the present study. Three types of trial
(frequent-go, infrequent-go, and no-go) are intermixed in pseudorandom order. In the
frequent-go and infrequent-go trials, the subjects were required to press a button as
quickly as possible, and in the no-go trial, the subjects were required not to press
a button, inhibiting prepotent response tendency. The no-go trials were presented
infrequently to enhance prepotent response tendency, and the infrequent-go trials
were presented as infrequently as the no-go trials. The relationship between color
(blue/yellow) and trial type (no-go/infrequent-go) was counterbalanced across
subjects.

correct frequent-go trials were used as a baseline, and were not coded
as events. Group analyses were conducted using a random effects
model. Significant activations were detected using two thresholds: 1) a
threshold of 19 or more contiguous significant voxels (1 voxel: 2 x 2 x
2 mm) above P < 0.001 (z > 3.3) (Buckner et al. 1998; Konishi et al.
2001) and 2) P < 0.05 corrected by false discovery rate (Genovese et al.
2002). The reported activation in the three contrasts cleared both the
thresholds.

Results

Bebavioral Results

Mean correct performances (mean * SEM) were 99.6 = 0.1%,
99.7 * 0.1%, and 55.0 * 3.4% in the frequent-go, infrequent-go
and no-go trials, respectively (Fig. 2). The difference between
the infrequent-go and no-go trials was significant (44.6 £ 3.4%,
t24y=13.1, P < 0.001). Mean reaction times (mean * SEM) were
2705 = 8.0 ms and 3069 * 6.9 ms in the frequent-go and
infrequent-go trials, respectively (Fig. 2). The difference
between the infrequent-go and frequent-go trials was signifi-
cant (364 = 4.0, f24 = 80, P < 0.001). The correct
performance difference between the infrequent-go and no-go
trials suggests that the no-go trials in the present study
contained sufficient amount of processes associated with
response inhibition. Moreover, the reaction time difference
between the infrequent-go and frequent-go trials indicates that
the infrequent-go trials contained sufficient amount of pro-
cesses associated with processing of infrequent stimuli.

JMRI Results

The functional image data set from 25 subjects was analyzed
using a general linear model implemented in SPM2, and was
group-analyzed using a random effect model. As shown in
Figure 3 and Table 1, the contrast of “no-go trials versus
frequent-go trials” elicited prominent activations in multiple
regions, including the pIFG, IFJ, dorsolateral prefrontal cortex
(DLPFC), anterior cingulate cortex (ACC), presupplementary
motor area (pre-SMA), insula/IFG, rostrolateral prefrontal
cortex, precuneus and intraparietal sulcus (IPS), consistent
with previous results of the go/no-go and stop tasks
(Kawashima et al. 1996; Garavan et al. 1999; Konishi et al.
1999; de Zubicaray et al. 2000; Liddle et al. 2001; Menon et al.
2001; Rubia et al. 2001; Bunge et al. 2002; Durston et al. 2002;
Hester et al. 2004; Kelly et al 2004; Aron and Poldrack 2006;
Leung and Cai 2007; Sumner et al. 2007).
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Figure 2. Behavioral data during performance of the go/no-go task. Correct
performance in the frequent-go, infrequent-go, and no-go trials and reaction time in
the frequent-go and infrequent-go trials are displayed on the left and right,
respectively. *P < 0.001, based on a paired t-test.
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No-go (Inhibit) vs. Frequent-go

Figure 3. Statistical activation maps for signal increase and decrease in the contrasts of “no-go versus frequent-go trials” (top), “no-go versus infrequent-go trials” (middle),
“infrequent-go versus frequent-go trials” (bottom). Activation maps are displayed as transverse sections and overlaid on top of the anatomic image averaged across subjects.
Statistical significance is indicated using the color scale at the bottom, and the transverse section level is indicated by the Z coordinates of Talairach space (Talairach and

Tournoux 1988). The color scale at the bottom is given in z-value.

To extract response inhibition more precisely in a way that
processing of infrequent stimuli was excluded, “no-go trials
versus infrequent-go trials” was calculated (Fig. 3 and Table 2).
The contrast revealed that most of the above-mentioned
regions including the pIFG, DLPFC, ACC, pre-SMA, insula/IFG,
and IPS were significantly activated. To investigate processing
of infrequent stimuli, “infrequent-go trials versus frequent-go
trials” were calculated. The contrast revealed that the IFJ, the
anterior prefrontal cortex, and the posterior part of the IPS
were significantly activated (Fig. 3 and Table 3).

Most interestingly, the pIFG and IFJ were very close
(approximately only 2 cm apart) but showed different
activation patterns (Fig. 4a). In the contrast of “no-go trials
versus frequent-go trials”, the activation of the pIFG and IFJ
formed a large cluster that showed no clear dissociation in
spatial extent. Figure 46 shows the signal magnitude for
the contrast of “no-go trials versus infrequent-go trials” and the
contrast of “infrequent-go trials and frequent-go trials” in the
pIFG and IFJ, based on the regions of interest determined by
the contrast “no-go trials versus frequent-go trials.” The
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introduction of the infrequent-go trials clearly demonstrated
that the pIFG was predominantly associated with response
inhibition, whereas the IF] was associated with both response
inhibition and processing of infrequent stimuli. The signal
difference between the contrasts in the pIFG was significant
[#24) = 2.8, P < 0.05]. Furthermore, the functional dissociation
of the pIFG and IFJ was also significant, as revealed by the
region-by-contrast interaction in repeated measure two-way
ANOVA (F, 24 = 74, P < 0.05). Incorrect no-go trials were also
analyzed for the pIFG region (Fig. 4¢). Signal difference was
observed between the correct no-go and correct infrequent-go
trials [#24) = 5.5, P < 0.001] and between the incorrect no-go
and correct infrequent-go trials [f24) = 2.2, P < 0.05]. The
difference between these two contrasts was also significant
[t24) = 3.1, P < 0.01], suggesting that the pIFG activation may
not be purely related to response inhibition, but that the
activation still included the components related to response
inhibition. In contrast, no significant difference was observed
between the incorrect no-go and correct infrequent-go trials
(Fig. 4 0), consistent with the interpretation that the IFJ activity
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Table 1
Brain regions showing signal increase in the contrasts of “no-go versus frequent-go”

X 1% z t Value Brodmann Area (BA)
Lateral frontal cortex 26 —4 62 121 6
42 42 18 8.6 10/46
48 4 38 7.4 6/9/44
40 18 -2 71 4712
50 10 26 71 6/44
—52 8 20 6.5 6/44
42 -2 56 6.5 6
32 46 0 6.2 10
40 56 6 6.2 10
56 16 16 6.1 44/45
-22 —4 58 6.0 6
32 58 -2 5.9 10
-30 58 14 57 10
—26 56 24 5.3 10
44 32 32 5.1 9/46
30 22 —6 5.0 47/12
-36 —6 58 49 6
—40 38 22 48 9/46
—52 6 38 4.4 6/9/44
32 18 12 4.4 47/12
Medial frontal cortex -8 2 58 7.0 6
-2 —4 64 6.7 6
6 10 60 6.3 6
10 20 56 5.9 6
8 0 60 46 6
6 30 36 4.1 32
Parietal cortex 36 —44 42 7.7 7/40
24 —68 48 7.6 7
66 —14 32 6.8 1/2/3
64 —38 28 6.7 40
14 —68 54 6.6 7
—24 —66 48 6.5 7
-20 —62 60 6.4 7
56 —42 48 6.0 40
16 —68 64 5.7 7
40 —62 56 5.3 40/7
—48 —36 40 5.3 40
—42 —48 52 4.7 40/7
Occipital cortex 30 —68 30 5.2 19/39
Temporal cortex 52 -22 -2 6.6 21/22
66 -32 20 5.2 22/42
52 —46 14 5.0 21/37
Others -30 —58 -30 58 Cerebellum
-32 —62 —16 47 Cerebellum
-36 —50 -34 47 Cerebellum
—14 —64 -32 4.3 Cerebellum
24 4 0 8.3 Putamen
-30 16 8 6.8 Insula
—18 12 10 6.4 Caudate
18 10 6 5.8 Putamen
—26 2 4 45 Putamen
-32 26 -2 44 Putamen

primarily reflects processing of infrequent stimuli. Figure 4d
shows the time courses of the signals in each contrast in the
pIFG and IFJ. Figure 4e demonstrates activation related to no-go
and infrequent-go trials relative to a common baseline
(frequent-go trials).

Discussion

The present study using the go/no-go task introduced the
infrequent-go trials, besides the frequent-go trials, and revealed
the dissociation between the brain activation associated with
response inhibition and that associated with processing of
infrequent stimuli. In particular, within the posterior part of
the right inferior frontal cortex, differential activation patterns
were found between the pIFG and IFJ. These results suggest
that there are at least two subregions in the inferior frontal
cortex, which are anatomically very close to each other, but are
functionally different.

Table 2
Brain regions showing signal increase in the contrasts of “no-go versus infrequent-go” (response
inhibition)

X 1% z t Value BA
Lateral frontal cortex 42 16 -2 7.2 47/12
36 40 20 6.7 10/46
24 —4 62 6.5 6
—24 —4 58 59 6
30 24 —6 59 47/12
58 14 16 5.6 44/45
44 0 56 5.3 6
—50 10 18 5.0 6/44
38 56 10 48 10
—50 6 4 46 6/44
48 10 26 45 6/44
60 10 28 41 6/44
—58 12 10 41 6/44
44 2 44 39 6/9/44
—46 14 -8 44 4712
Medial frontal cortex 6 —12 32 6.3 24/23
2 2 50 6.0 6
2 30 36 5.6 32
4 34 26 5.3 32
4 —28 32 5.4 23/31
12 -32 44 5.2 7/24
—4 6 36 5.2 24
2 0 62 5.1 6
—6 —6 64 5.0 6
0 12 44 49 32/6
10 16 60 43 6
Parietal cortex 54 —42 48 7.6 40
44 —46 46 74 7/40
38 —56 48 6.8 40/7
62 —44 36 6.6 40
64 —28 28 6.5 40
12 -70 52 5.6 7
32 —64 50 5.3 7
—14 —66 54 5.2 7
-22 —60 64 48 i
—48 -32 40 47 40
Occipital cortex 30 —68 38 6.0 19/39
Temporal cortex 62 —40 24 7.6 22/42
52 —26 0 48 21/22
—60 —34 22 45 22/42
58 -50 -2 42 21/37
60 —18 -2 4.2 21/22
Others 28 —54 —32 5.7 Cerebellum
-30 —62 —28 36 Cerebellum
-20 2 —4 8.2 Putamen
22 6 —6 7.7 Putamen
—14 4 12 6.9 Caudate
32 12 —10 6.8 Putamen
—24 10 4 6.6 Insula
26 0 4 6.0 Putamen
16 4 12 6.0 Caudate
-30 16 —4 6.0 Putamen

Table 3
Brain regions showing signal increase in the contrasts of “infrequent-go versus frequent-go”
(processing of infrequent stimuli)

X 1% z t Value BA
Lateral frontal cortex 32 52 -2 59 10
30 52 14 5.2 10
26 —4 64 5.0 6
—50 10 34 49 6/9/44
42 —4 40 48 6/9/44
52 0 40 4.6 6/9/44
—50 6 46 44 6/9/44
Medial frontal cortex —4 12 60 44 6
Parietal cortex —24 —68 46 6.6 7
22 —64 46 6.3 7
Occipital cortex 28 —74 22 4.7 19/39
Others -32 —64 —14 43 Cerebellum
—36 —54 —22 42 Cerebellum
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Figure 4. Different activation patterns observed in the pIFG and IFJ in the inferior frontal cortex. (a) The contrast of “no-go versus infrequent-go” predominantly activated the
pIFG, whereas the contrast of “infrequent-go versus frequent-go” primarily activated the IFJ. (b) Region of interest (ROI) analyses. The panel shows the signal magnitude for the
contrast of “no-go trials versus infrequent-go trials” and the contrast of “infrequent-go trials versus frequent-go trials” in the plFG and IFJ, based on the regions of interest
determined based on the contrast “no-go trials versus frequent-go trials,” as listed in Table 1. *P < 0.05, **P < 0.01, ***P < 0.001. (c) The panel shows the signal magnitude
for the contrast of “correct no-go trials versus correct infrequent-go trials” and the contrast of “incorrect no-go trials versus correct infrequent-go trials” in the pIFG and IFJ. (d)
Signal time courses in the pIFG and IFJ. The ROIs were determined similarly to Figure 4b. Red, yellow and green lines indicate the signal magnitude of the “no-go versus frequent-
go,” “no-go versus infrequent-go,” and “infrequent-go versus frequent-go” trials, respectively. (e) The panel shows the signal magnitude for the contrast of “no-go trials versus
frequent-go trials” and the contrast of “infrequent-go trials versus frequent-go trials” in the plFG and IFJ.

The pIFG was specifically activated during response in-
hibition, but not during processing of infrequent stimuli. The
pIFG activation in the present study was consistent with the
activation results of previous studies of response inhibition
(Konishi et al. 1999; Bunge et al. 2002; Durston et al. 2002;
Maguire et al. 2003; Horn et al. 2003; Kelly et al. 2004; Rubia
et al. 2005; Aron and Poldrack 2006; Li et al. 2006; Chikazoe
et al. 2007; Leung and Cai 2007), and also with those of other
types of inhibitory control (Thompson-Schill et al. 1997, 1998;
Monchi et al. 2001; Braver et al. 2003; Hazeltine et al. 2003;
Konishi et al. 2003, 2005; Brass and von Cramon 2004; Cools
et al. 2004; Crone et al. 2006; Parris et al. 2007). On the other
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hand, the IFJ was activated in the present study during both
response inhibition and processing of infrequent stimuli,
consistent with previous studies of response inhibition and
processing of infrequent stimuli (Downar et al. 2001; Kiehl
et al. 2001). The present study successfully demonstrated the
functional dissociation between the adjacent pIFG and IF]
regions in the same task paradigm, that is, the pIFG being
activated during response inhibition and the IFJ being activated
primarily during processing of infrequent stimuli.

The present study revealed the pIFG activation associated
with response inhibition. The contribution of the pIFG to
response inhibition has been established by previous studies on
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the brain-function causality using neuropsychology (Aron et al.
2003; Hodgson et al. 2007) and transcranial magnetic stimula-
tion (Chambers et al. 2006). The IFJ activation in the present
study, on the other hand, showed a composite activation
pattern consisting of both response inhibition and processing
of infrequent stimuli. It is noteworthy that a neuropsychological
study posited a negative view on the role of the IFJ in response
inhibition (Aron et al. 2006), which suggests that the IFJ is
involved in cognitive processes other than response inhibition.
Indeed, the saliency of the stimulus indicating the no-go trials
should be greater than that of the stimulus indicating the
infrequent-go trials, because the no-go trials required more
infrequent response outcome (i.e, no-go), instead of more
frequent-go response required in the infrequent-go and
frequent-go trials (Downar et al. 2001; Laurens et al. 2005).
Therefore it is possible that the no-go stimulus with the greater
saliency may recruit cognitive control processes other than
response inhibition in the no-go trials. One prominent view
provided to date on the role of the IFJ is that it contributes to
the maintenance of task-relevant information, which is used to
bias posterior brain systems that may represent the individual S-
R mapping necessary to perform a task (Derrfuss et al. 2004).

One caveat regarding the pIFG activation was that the
present task design does not include frequent no-go trials that
would have completed the factorial design of response
inhibition and cue frequency. Therefore, the design leaves
open the possibility that the pIFG activation in the present
study may be related to the interaction between these effects.
However, the factorial design is not feasible in this particular
case, because it is clear that response inhibition is greater when
a cue is presented more infrequently. It is also possible to
administer two types of no-go trials where one type was
substantially more frequent. At the same time, it is still likely
that response inhibition is greater when a cue is presented
more infrequently, which makes it difficult to match re-
quirement for response inhibition even within trial type.
Although more precise accounts of the role of the pIFG and
IF] need further exploration, the present study suggests that
the IFC is heterogeneous and consists of at least two
subregions that contribute to the successful performance of
the go/no-go task in different manners.

Funding

Grant-in-Aid for Specially Promoted Research (19002010) to
Y.M,; and a Grant-in-Aid for Scientific Research C (17500203)
to SK. from the Ministry of Education, Culture, Sports, Science
and Technology, Japan.

Notes

Conflict of Interest: None declared.

Address correspondence to Junichi Chikazoe, PhD, Department of
Physiology, The University of Tokyo School of Medicine, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113, Japan. Email: chikazoe(@m.u-tokyo.ac.jp.

References

Aron AR, Bullmore ET, Sahakian BJ, Robbins TW. 2003. Stop-signal
inhibition disrupted by damage to right inferior frontal gyrus in
humans. Nat Neurosci. 6:115-117.

Aron AR, Clark L, Ghahremani D, Robbins T, Poldrack RA. 2006. The inferior
frontal junction is not necessary for interference control: evidence
from frontal lesion patients [abstract]. Soc Neurosci. 36: 367.4.

Aron AR, Poldrack RA. 2006. Cortical and subcortical contributions
to stop signal response inhibition: role of the subthalamic nucleus.
J Neurosci. 26:2424-2433.

Bledowski C, Prvulovic D, Goebel R, Zanella FE, Linden DE. 2004.
Attentional systems in target and distractor processing: a combined
ERP and fMRI study. Neuroimage. 22:530-540.

Bokura H, Yamaguchi S, Kobayashi S. 2001. Electrophysiological
correlates for response inhibition in a go/nogo task. Clin Neuro-
physiol. 112:2224-2232.

Brass M, Derrfuss J, Forstmann B, von Cramon DY. 2005. The role of the
inferior frontal junction area in cognitive control. Trends Cogn Sci.
9:314-316.

Brass M, von Cramon DY. 2004. Selection for cognitive control:
a functional magnetic resonance imaging study on the selection of
task-relevant information. ] Neurosci. 24:8847-8852.

Braver TS, Reynolds JR, Donaldson DI. 2003. Neural mechanisms of
transient and sustained cognitive control during task switching.
Neuron. 39:713-726.

Buckner RL, Goodman J, Burock M, Rotte M, Koutstaal W, Schacter DL,
Rosen BR, Dale AM. 1998. Functional-anatomic correlates of object
priming in humans revealed by rapid presentation event-related
fMRI Neuron. 20:285-296.

Bunge SA, Dudukovic NM, Thomason ME, Vaidya CJ, Gabrieli JD. 2002.
Immature frontal lobe contributions to cognitive control in
children: evidence from fMRIL Neuron. 33:301-311.

Butters N, Butter CM, Rosen J, Stein D. 1973. Behavioral effects of
sequential and one-stage ablations of orbital prefrontal cortex in the
monkey. Exp Neurol. 39:204-214.

Chambers CD, Bellgrove MA, Stokes MG, Henderson TR, Garavan H,
Robertson IH, Mattingley JB. 20006. Executive “brake failure”
following deactivation of human frontal lobe. J Cogn Neurosci.
18:444-455.

Chikazoe J, Konishi S, Asari T, Jimura K, Miyashita Y. 2007. Activation of
right inferior frontal gyrus during response inhibition across
response modalities. J] Cogn Neurosci. 19:69-80.

Cools R, Clark L, Robbins TW. 2004. Differential responses in human
striatum and prefrontal cortex to changes in object and rule
relevance. ] Neurosci. 24:1129-1135.

Crone EA, Donohue SE, Honomichl R, Wendelken C, Bunge SA. 20006.
Brain regions mediating flexible rule use during development. J
Neurosci. 26:11239-11247.

Derrfuss J, Brass M, von Cramon DY. 2004. Cognitive control in the
posterior frontolateral cortex: evidence from common activations in
task coordination, interference control, and working memory.
Neuroimage. 23:604-612.

de Zubicaray GI, Andrew C, Zelaya FO, Williams SCR, Dumanoir C.
2000. Motor response suppression and the prepotent tendency to
respond: a parametric study. Neuropsychologia. 38:1280-1291.

Downar J, Crawley AP, Mikulis DJ, Davis KD. 2000. A multimodal
cortical network for the detection of changes in the sensory
environment. Nat Neurosci. 3:277-283.

Downar J, Crawley AP, Mikulis DJ, Davis KD. 2001. The effect of task
relevance on the cortical response to changes in visual and auditory
stimuli: an event-related fMRI study. Neuroimage. 14:1256-1267.

Durston S, Thomas KM, Worden MS, Yang Y, Casey BJ. 2002. The effect
of preceding context on inhibition: an event-related fMRI study.
Neuroimage. 16:449-453.

Feredoes E, Tononi G, Postle BR. 20006. Direct evidence for a prefrontal
contribution to the control of proactive interference in verbal
working memory. Proc Natl Acad Sci USA. 103:19530-19534.

Funahashi S, Chafee MV, Goldman-Rakic PS. 1993. Prefrontal neuronal
activity in rhesus monkeys performing a delayed anti-saccade task.
Nature. 365:753-756.

Garavan H, Ross TJ, Stein EA. 1999. Right hemispheric dominance of
inhibitory control: an event-related functional MRI study. Proc Natl
Acad Sci USA. 96:8301-8300.

Genovese CR, Lazar NA, Nichols T. 2002. Thresholding of statistical
maps in functional neuroimaging using the false discovery rate.
Neuroimage. 15:870-878.

Hazeltine E, Bunge SA, Scanlon MD, Gabrieli JDE. 2003. Material-
dependent and material-independent selection processes in the

Cerebral Cortex January 2009,V 19 N 1 151

¥T0Z ‘22 00100 uo Ariqi AlseAIUN [PUIOD 12 /BI0'S[euIno(plox0°100480//:d1y WOy papeoumoq


http://cercor.oxfordjournals.org/

frontal and parietal lobes: an event-related fMRI investigation of
response competition. Neuropsychologia. 41:1208-1217.

Hester RL, Murphy K, Foxe JJ, Foxe DM, Javitt DC, Garavan H. 2004.
Predicting success: patterns of cortical activation and deactivation
prior to response inhibition. J] Cogn Neurosci. 16:776-785.

Hodgson T, Chamberlain M, Parris B, James M, Gutowski N, Husain M,
Kennard C. 2007. The role of the ventrolateral frontal cortex in
inhibitory oculomotor control. Brain. 130:1525-1537.

Horn NR, Dolan M, Elliott T, Deakin JF, Woodruff PW. 2003. Response
inhibition and impulsivity: an fMRI study. Neuropsychologia.
41:1959-1966.

Huettel SA, McCarthy G. 2004. What is odd in the oddball task?
Prefrontal cortex is activated by dynamic changes in response
strategy. Neuropsychologia. 42:379-3806.

Iversen SD, Mishkin M. 1970. Perseverative interference in monkeys
following selective lesions of the inferior prefrontal convexity. Exp
Brain Res. 11:376-386.

Kawashima R, Sato K, Itoh H, Ono S, Furumoto S, Gotoh R, Koyama M,
Yoshioka S, Takahashi T, Takahashi K, et al. 1996. Functional
anatomy of GO/NO-GO discrimination and response selection—a
PET study in man. Brain Res. 728:79-89.

Kelly AMC, Hester R, Murphy K, Javitt DC, Foxe JJ, Garavan H. 2004.
Prefrontal-subcortical dissociations underlying inhibitory control
revealed by event-related fMRI. Eur J Neurosci. 19:3105-3112.

Kiehl KA, Laurens KR, Duty TL, Forster BB, Liddle PF. 2001. Neural
sources involved in auditory target detection and novelty process-
ing: an event-related fMRI study. Psychophysiology. 38:133-142.

Kok A. 1980. Effects of degradation of visual stimulation on components
of the event-related potential (ERP) in go/no-go reaction tasks. Biol
Psychol. 23:21-38.

Konishi S, Chikazoe J, Jimura K, Asari T, Miyashita Y. 2005. Neural
mechanism in anterior prefrontal cortex for inhibition of prolonged
set interference. Proc Natl Acad Sci USA. 102:12584-12588.

Konishi S, Donaldson DI, Buckner RL. 2001. Transient activation during
block transition. Neuroimage. 13:364-374.

Konishi S, Jimura K, Asari T, Miyashita Y. 2003. Transient activation of
superior prefrontal cortex during inhibition of cognitive set. J
Neurosci. 23:7776-7782.

Konishi S, Nakajima K, Uchida I, Kikyo H, Kameyama M, Miyashita Y.
1999. Common inhibitory mechanism in human inferior prefrontal
cortex revealed by event-related functional MRI. Brain. 122:
981-991.

Laurens K, Kiel KA, Liddle F. 2005. A supramodal limbic-paralimbic-
neocortical network supports goal-directed stimulus processing.
Hum Brain Mapp. 24:35-49.

Leung HC, Cai W. 2007. Common and differential ventrolateral
prefrontal activity during inhibition of hand and eye movements. J
Neurosci. 27:9893-9900.

Li CS, Huang C, Constable RT, Sinha R. 2006. Imaging response
inhibition in a stop-signal task: neural correlates independent of
signal monitoring and post-response processing. J Neurosci.
26:186-192.

Liddle PF, Kiehl KA, Smith AM. 2001. Event-related fMRI study of
response inhibition. Hum Brain Mapp. 12:100-109.

Maguire RP, Broerse A, de Jong BM, Cornelissen FW, Meiners LC,
Leenders KL, den Boer JA. 2003. Evidence of enhancement of spatial

152 Functional Dissociation in Right Inferior Frontal Cortex -+ Chikazoe et al.

attention during inhibition of a visuo-motor response. Neuroimage.
20:1339-1345.

Matsubara M, Yamaguchi S, Xu J, Kobayashi S. 2004. Neural correlates
for the suppression of habitual behavior: a functional MRI study.
J Cogn Neurosci. 16:944-954.

McCarthy G, Luby M, Gore J, Goldman-Rakic P. 1997. Infrequent events
transiently activate human prefrontal and parietal cortex as
measured by functional MRI ] Neurophysiol. 77:1630-1634.

Menon V, Adleman NE, White CD, Glover GH, Reiss AL. 2001. Error-
related brain activation during a go/nogo response inhibition task.
Hum Brain Mapp. 12:131-143.

Monchi O, Petrides M, Petre V, Worsley K, Dagher A. 2001. Wisconsin
card sorting revisited: distinct neural circuits participating in
different stages of the task identified by event-related functional
magnetic resonance imaging. J Neurosci. 21:7733-7741.

Nakata H, Inui K, Wakasa T, Akatsuka K, Kakigi R. 2005. Somato-motor
inhibitory processing in humans: a study with MEG and ERP. Eur
J Neurosci. 22:1784-1792.

Parris BA, Thai NJ, Benattayallah A, Summers IR, Hodgson TL. 2007. The
role of the lateral prefrontal cortex and anterior cingulate in
stimulus-response association reversals. J Cogn Neurosci. 19:13-24.

Pfefferbaum A, Ford JM, Weller BJ, Kopell BS. 1985. ERPs to response
production and inhibition. Electroencephalogr Clin Neurophysiol.
60:423-434.

Rubia K, Lee F, Cleare AJ, Tunstall N, Fu CHY, Brammer M, McGuire P.
2005. Tryptophan depletion reduces right inferior prefrontal
activation during response inhibition in fast, event-related fMRIL
Psychopharmacology. 179:791-803.

Rubia K, Russell T, Overmeyer S, Brammer MJ, Bullmore ET, Sharma T,
Simmons A, Williams SC, Giampietro V, Andrew CM, et al. 2001.
Mapping motor inhibition: conjunctive brain activations across
different versions of go/no-go and stop tasks. Neuroimage. 13:250-261.

Sasaki K, Gemba H, Tsujimoto T. 1989. Suppression of visually initiated
hand movement by stimulation of the prefrontal cortex in the
monkey. Brain Res. 495:100-107.

Sakagami M, TsuTsui K, Lauwereyns J, Koizumi M, Kobayashi §,
Hikosaka O. 2001. A code for behavioral inhibition on the basis of
color, but not motion, in ventrolateral prefrontal cortex of macaque
monkey. ] Neurosci. 21:4801-4808.

Stevens MC, Calhoun VD, Kiehl KA. 2005. Hemispheric differences in
hemodynamics elicited by auditory oddball stimuli. Neuroimage.
26:782-792.

Sumner P, Nachev P, Morris P, Peters AM, Jackson SR, Kennard C,
Husain M. 2007. Human medial frontal cortex mediates unconscious
inhibition of voluntary action. Neuron. 54:697-711.

Talairach J, Tournoux P. 1988. Co-planar stereotaxic atlas of the human
brain. New York: Thieme Medical Publishers.

Thompson-Schill SL, D’Esposito M, Aguirre GK, Farah M]J. 1997. Role of
left inferior prefrontal cortex in retrieval of semantic knowledge:
a reevaluation. Proc Natl Acad Sci USA. 94:14792-14797.

Thompson-Schill SL, Swick D, Farah M], D’Esposito M, Kan IP,
Knight RT. 1998. Verb generation in patients with focal frontal
lesions: a neuropsychological test of neuroimaging findings. Proc
Natl Acad Sci USA. 95:15855-15860.

Worsley DB, Friston KJ. 1995. Analysis of fMRI time-series revisited
again. Neuroimage. 2:173-181.

¥T0Z ‘22 00100 uo Ariqi AlseAIUN [PUIOD 12 /BI0'S[euIno(plox0°100480//:d1y WOy papeoumoq


http://cercor.oxfordjournals.org/

