
Behavioral/Systems/Cognitive

Efficiency of Go/No-Go Task Performance Implemented in
the Left Hemisphere

Satoshi Hirose,1 Junichi Chikazoe,1 Takamitsu Watanabe,1 Koji Jimura,1 Akira Kunimatsu,2 Osamu Abe,2

Kuni Ohtomo,2 Yasushi Miyashita,1 and Seiki Konishi1

Departments of 1Physiology and 2Radiology, The University of Tokyo School of Medicine, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan

It is well known that the efficiency of response inhibition differs from person to person, but the neural mechanism that implements the
efficiency is less understood. In the present fMRI study, we devised an index to evaluate the efficiency of response inhibition in the go/
no-go task, and investigated the neural correlates of the efficiency of response inhibition. The human subjects who perform the go/no-go
task with a shorter reaction time in go trials (Go-RT) and with a higher percentage of correct no-go trials (Nogo-PC) are thought to have
the ability to conduct response inhibition more efficiently. To quantify the efficiency, we defined an efficiency index as the difference in
the Nogo-PC between each subject and an ordinarily efficient subject, under the same Go-RT. An across-subject correlation analysis
revealed that the brain activity in multiple regions in the left frontal and parietal cortex positively correlated with the efficiency index.
Moreover, a test of hemispheric asymmetry with regard to the across-subject correlation revealed left-hemispheric dominance. The
significant correlation in the left frontal and parietal regions complements the results of previous studies that used the stop-signal
reaction time (SSRT), a well known index to evaluate the efficiency of response inhibition used in the stop-signal task. Our results also
indicate that, although it is well known that the neural substrates for response inhibition common in a subject group exist dominantly in
the right hemisphere, the neural substrates for efficiency exist dominantly in the left hemisphere.

Introduction
Although response inhibition has been well studied with regard
to the brain activation common to a subject group by contrasting,
for example, the no-go versus go trials (Garavan et al., 1999;
Konishi et al., 1999; Liddle 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, 2006; Li et
al., 2006; Leung and Cai, 2007; Zheng et al., 2008; Chikazoe et al.,
2009a,b; Mander et al., 2010; van Gaal et al., 2010; Jahfari et al.,
2011), the neural correlates of the efficiency of response inhibition is
relatively less understood. A stop-signal reaction time (SSRT) is a
well known index defined in a stop-signal task (Logan and Cowan,
1984; Rubia et al., 2001; Aron et al., 2003; Li et al., 2006; Chikazoe et
al., 2009b) that is used to evaluate the efficiency of response inhibi-
tion. According to a horse-race model (Logan and Cowan, 1984),
which accounts for response inhibition as a race between a “go pro-
cess” and a “stop process,” SSRT is the time it takes for a subject to

suppress a response after a stop signal. Subjects are thought to con-
duct response inhibition more efficiently when they perform the
stop-signal task with a shorter SSRT. It has been revealed that the
brain activity of several regions in the frontal cortex correlates nega-
tively with SSRT (i.e., the shorter the SSRT, the greater the brain
activity in the regions) (Li et al., 2006, 2008).

The stop-signal task presents a go signal at the beginning of a
stop trial, followed by a stop signal after a short delay (stop-signal
delay, SSD). SSD is modulated on a trial-by-trial basis to keep
accuracy in stop trials constant (Band et al., 2003), such that
SSRT can be calculated based on SSD and a distribution of reac-
tion time of go trials (Logan and Cowan, 1984). In contrast to the
sophisticated structure of the stop-signal task, a go/no-go task
(Chikazoe et al., 2009a) is simpler and does not have SSD. Using
the go/no-go task we devised an alternative way to evaluate the
efficiency of response inhibition by elaborating on the analysis of
acquired behavioral data, and determined the neural correlates of
the efficiency of response inhibition. In the go/no-go task, the
subjects with higher efficiency ought to have a shorter reaction
time in go trials (Go-RT) and a higher percentage of correct
performance in no-go trials (Nogo-PC). The efficiency index was
defined as the difference in the Nogo-PC between a subject and
an ordinarily efficient subject under the same Go-RT. To inves-
tigate the neural correlates of the efficiency of response inhibi-
tion, we then calculated the correlations between the brain
activity and the efficiency index. Further, we compared the re-
sults of the present study with those reported in previous studies
that used SSRT, and examined the consistency of neural corre-
lates of response inhibition, as defined by SSRT and the efficiency
index of the present study.
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Materials and Methods
Subjects. Informed consent was obtained from 59 healthy right-handed
subjects (29 males; 30 females, age: 20 –30 years). They were scanned
using experimental procedures approved by the institutional review
board of the University of Tokyo School of Medicine.

MRI procedures. The experiments were conducted using a 3T fMRI
system. Scout images were first collected to align the field of view cen-
tered on the subject’s brain. T1-weighted images were obtained for ana-
tomical reference (76 slices � 2 mm slices; in-plane resolution � 1 � 1
mm). For functional imaging, a gradient echo echo-planar sequence was
used (TR � 3000 ms; TE � 35 ms; flip angle � 90 degrees; 40 � 4 mm
slices; in-plane resolution of 4 � 4 mm). Each run contained 60 volume
images, and the first four functional images in each run were excluded
from the analysis to take into account the equilibrium of longitudinal
magnetization.

Task. The go/no-go task used in the present study consisted of three
types of trial: frequent-go, infrequent-go, and no-go trials (Chikazoe et
al., 2009a) (Fig. 1 A). In the frequent-go and infrequent-go trials, the
subjects were required to press a button with a right thumb, and in the
no-go trial, the subjects were required not to press the button, withhold-
ing the prepotent response tendency. Each trial consisted of presentation
of a colored circle for 400 ms and presentation of a fixation cross for 400
ms. There was no other interval between the trials. A time window to
record a response was 800 ms, and the subjects were instructed to press a
button by the end of the circle presentation in the go trials. To exclude
potentially premature responses, go trials with an RT of �150 ms were
excluded from analysis. The color of the circle indicated the type of trial:
gray indicated the frequent-go trial, whereas green and blue indicated the
infrequent-go and no-go trial, respectively. The relationship between
color (green/blue) and trial type (infrequent-go/ no-go) was counterbal-
anced across subjects. The percentage of no-go, infrequent-go and
frequent-go trials was 12.5%, 12.5%, and 75.0%, respectively, and these
types of trials were presented pseudo-randomly. One run consisted of
192 trials, and filler frequent-go trials were also presented at the begin-
ning and end of each run (15 trials at the beginning and 10 trials at the
end). Four to 12 runs were collected for each of the subjects.

Data analysis. Data were analyzed using SPM8 software (http://www.
fil.ion.ucl.ac.uk/spm/). Functional images were realigned, slice timing
corrected, normalized to the Montreal Neurological Institute template

with interpolation to a 2 � 2 � 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 infrequent-go trials, the correct no-go trials, and the incorrect
no-go trials were modeled as events using the canonical function in
SPM8, together with run-specific regressors as effects of no interest. The
frequent-go trials were used as a baseline, and were not coded as events.
The brain activation associated with response inhibition was calculated
based on the contrast of no-go versus infrequent-go trials. Group analy-
ses were conducted using a random-effects model. Significant activations
were detected using a threshold of p � 0.05 corrected by the false discov-
ery rate (FDR; Genovese et al., 2002).

To evaluate the efficiency of response inhibition in the go/no-go task,
the efficiency index was calculated. A subject who performs the task with
a shorter reaction time in infrequent-go trials (Go-RT) and a higher
percentage of correct performance in no-go trials (Nogo-PC) ought to be
regarded as a more efficient performer. The efficiency index was defined
as the difference in the Nogo-PC between a subject and an ordinarily
efficient subject under the same Go-RT (Fig. 2 B). The performance of
the ordinarily efficient subject was represented by a regression line be-
tween the Go-RT and the Nogo-PC from all of the subjects (Fig. 2 B).

The efficiency index was then used to investigate the neural correlates
of the efficiency of response inhibition in an across-subject correlation
analysis. We calculated voxel-by-voxel correlations across subjects be-
tween the efficiency index and the magnitude of the brain activation
associated with response inhibition. Significant correlations were de-

Figure 1. A, The go/no-go task used in the present study. The task contained three types of
trials: frequent-go, infrequent-go, and no-go trials. The no-go trials are contrasted with the
infrequent-go trials to examine response inhibition. B, The behavioral results. Left, the percent-
age of correct trials in the frequent-go, infrequent-go, and no-go trials. Right, the reaction times
in the frequent-go and infrequent-go trials. Error bars indicate SD.

Figure 2. A, The distribution of the reaction time in the infrequent-go trials and the percent-
age accuracy in the no-go trials. One dot represents one subject. The gray line indicates the
regression line. B, The diagram to explain the efficiency index invented in the present study. The
percentage accuracy at a given reaction time in the infrequent-go trials in one subject, relative
to that in a standard performer indicated by the gray line, was defined as the efficiency index. C,
The distribution of the efficiency index.
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tected using a threshold of p � 0.05 corrected by the FDR within a mask
of the gray-matter in the cerebral cortex derived from SPM8. Further, to
test the consistency between the results of the present study and those of
the previous studies that used SSRT, a small volume correction (SVC)
was applied using the coordinates reported in the previous study (Li et al.,
2006) with a threshold of p � 0.05 corrected by the family-wise error
correction.

We then tested the hemispheric asymmetry with regard to the across-
subject correlations. The voxelwise t-values for correlations between the
brain activation and the efficiency index were converted to z-score. Next,
to compare the correlations between the right and the left hemisphere in
an unbiased way, the z-map was flipped along the midline of the brain,
and the original z-map and the flipped z-map were averaged and multi-
plied by a square root of 2. The local maxima of the resultant z-map above
the threshold of p � 0.001 were set as the center of bilateral pairs of ROIs
(radius: 12 mm). We then compared �-values for the correlations in the
right hemisphere with those in the left hemisphere in each of the paired
ROIs.

To test the hemispheric asymmetry without the assumption that the
right and left hemispheres are structurally homologous, we conducted
two additional analyses by determining the ROIs contralateral to the
correlation peaks as follows. In the first analysis, a resting-state fMRI
dataset from our previous study (Kimura et al., 2010) was used. The
peaks in the map of correlation between the brain activity and the effi-
ciency index above the threshold of p � 0.001 were set as the center of
ROIs, and the largest resting-state connectivity peaks in the contralateral
hemisphere within 8 mm of the mirrored peaks were determined as the
center of contralateral ROIs. In the second analysis, ROIs were deter-
mined using only the map of correlation between the brain activity and
the efficiency index. The peaks in the correlation map above the thresh-
old of p � 0.001 were set as the center of ROIs, and the largest correlation
peaks in the contralateral hemisphere within 8 mm of the mirrored peaks
were determined as the center of contralateral ROIs. In some cases, con-
tralateral ROIs were located closely to one another. To assure the inde-
pendent samples of the ROIs in such cases, in the above two analyses, data
of the bilateral ROIs within 12 mm were averaged into one sample.

Additional experiment. To confirm that the efficiency index in the
present study truly reflects efficiency of response inhibition, we con-
ducted a behavioral experiment where each subject performed both the
stop-signal task and the go/no-go task. In the stop-signal task, of the 59
subjects recruited in the main experiment, 29 of them were also recruited
to perform the stop-signal task. In the go/no-go task, behavioral data of
the 29 subjects were taken from the main experiment. Nine subjects were
separately recruited to perform both the two tasks. Therefore, behavioral
data from 38 subjects were compared between the two tasks.

The stop-signal task was similar to that used in our previous study
(Chikazoe et al., 2009b) except that the certain-go trials were not in-
cluded. Thus, the stop-signal task in this experiment consisted of stop
trials (25%) and go trials (75%), where a circle of one color (green/blue)
was presented as a go signal and a circle of the other color (blue/green)
was presented as a stop signal. In the go trials, the go signal was presented,
and subjects were required to press a button using the right thumb. In the
stop trials, the go signal was first presented and, after a short delay (SSD),
the stop signal was presented, and subjects were required to withhold the
response. One trial lasted for 800 ms, followed by an intertrial interval of
1700 ms. A time window to record a response was 800 ms. To exclude
potentially premature responses, go trials with an RT of �150 ms were
excluded from analysis. The relationship between colors (green and blue)
and trial type (go and stop/no-go) was consistent across the two tasks.
Twelve sessions of 64 trials were administered for each subject. The SSD
started at 200 ms and varied from one stop trial to the next by 33 ms based
on to a tracking procedure (Band et al., 2003), and the percentage correct
in the stop trials was 50%. The SSRT was estimated for each subject using
the integration method devised by Logan and Cowan (1984).

Results
Behavioral results
In the go/no-go task, mean percentages of correct performance
(mean � SEM) were 99.7 � 0.1%, 99.6 � 0.1% and 60.3 � 1.2%

in the frequent-go, infrequent-go, and no-go trials, respectively
(Fig. 1B). The difference in the percentage of correct perfor-
mance between the frequent-go and the no-go trials was signifi-
cant (t(58) � 32.74, p � 0.001), and the difference between the
infrequent-go and the no-go trials was also significant (t(58) �
32.69, p � 0.001). Mean reaction times (mean � SEM) were
268.2 � 2.8 ms and 302.8 � 3.2 ms in the frequent-go and the
infrequent-go trials, respectively (Fig. 1B), and the difference
between the frequent-go and the infrequent-go trials was signif-
icant (t(58) � 17.5, p � 0.001). The reaction time difference be-
tween the infrequent-go and frequent-go trials indicates that the
infrequent-go trials contained sufficient amount of processes as-
sociated with processing of infrequent stimuli (Chikazoe et al.,
2009a).

To calculate the efficiency index (see Materials and Methods,
Data analysis), we conducted the linear regression analysis be-
tween the reaction time in the infrequent-go trials (Go-RT) and
the percentage of correct performance in the no-go trials (Nogo-
PC) (Fig. 2A). The Go-RT and the Nogo-PC was significantly
correlated (r � 0.36, t(57) � 2.9, p � 0.01). The regression line
between the Go-RT and the Nogo-PC was used as a performance
of an ordinarily efficient subject to calculate the efficiency
index (Fig. 2 B). A well balanced distribution of the efficiency
index was obtained (Fig. 2C). The distribution was not signif-
icantly different from a normal one as tested by Kolmogorov–
Smirnov test ( p � 0.87), and the SD of the distribution of the
efficiency index was 8.7.

In the stop-signal task conducted in an additional experiment,
mean percentages of correct performance (mean � SEM) were
98.7 � 0.2%, and 49.9 � 0.2% in the go and stop trials, respec-
tively. A mean reaction time (mean � SEM) in the go trials was
523.2 � 10.9 ms. A mean stop signal delay (mean � SEM) in the
stop trials was 318.2 � 13.5 ms. A mean SSRT (mean � SEM) was
202.4 � 5.4 ms.

fMRI results
The brain activation associated with response inhibition was cal-
culated based on the contrast of no-go versus infrequent-go trials
(Chikazoe et al., 2009a). The magnitude of the brain activation in
each subject was entered into a second-level group analysis using
a random effects model. As shown in Figure 3, the prominent
activations were found in multiple regions primarily in the right
hemisphere, including the dorsolateral prefrontal cortex, the in-
sula, the inferior frontal gyrus (IFG), the presupplementary mo-
tor area (pre-SMA), the temporoparietal junction (TPJ), the
intraparietal sulcus (IPS), consistent with the results of the pre-
vious studies that used the go/no-go task or the stop-signal task
(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; Matsubara et al., 2004; Aron and Poldrack, 2006; Li et
al., 2006; Aron et al., 2007; Brass and Haggard, 2007: Leung and Cai,
2007; Forstmann et al., 2008; Xue et al., 2008; Zheng et al., 2008;
Chikazoe et al., 2009a,b; Mander et al., 2010; van Gaal et al., 2010;
Jahfari et al., 2011).

To investigate the neural correlates of the efficiency of re-
sponse inhibition, we conducted a correlation analysis across
subjects. The significant positive correlations between the brain
activation (no-go vs infrequent-go trials) and the efficiency index
were detected in the left IFG and the left TPJ (Fig. 4 and Table 1).
Further, the significant correlations were detected in the left su-
perior frontal gyrus (SFG) and the left precentral gyrus/middle
frontal gyrus (PreCG/MFG) using a SVC based on the coordi-
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nates reported in the previous study that
used SSRT as an index of the efficiency of
response inhibition (Li et al., 2006) (Table
1). On the other hand, no significant neg-
ative correlation was detected, even when
the threshold was lowered to p � 0.001
(uncorrected), which suggests that there
were no neural correlates of the ineffi-
ciency of response inhibition.

The four significant correlations de-
scribed above were all in the left hemi-
sphere (Table 1). We then tested the
hemispheric asymmetry with regard to
the correlation between the brain activa-
tion and the efficiency index. The t-values
for the correlations between the brain ac-
tivation and the efficiency index were
converted to z-score, and the flipped and
original z-maps were averaged and multi-
plied by a square root of 2 (see Materials
and Methods, Data analysis). Eighteen bi-
lateral pairs of ROIs were generated as a
result. We then compared the �-values for
correlations in the right hemisphere with
those in the left hemisphere in each of the
18 pairs of ROIs. Typical examples of the
ROIs are shown in Figure 5A. Note that
there was no error bar for the �-values for
the correlations in each ROI, because the
correlation can be calculated only after the data from all the
subjects are considered. The comparison of the �-values be-
tween the right and the left hemisphere was conducted based
on the variance of the �-values across the 18 ROIs. The com-
parison revealed significant left-hemispheric dominance
among these ROIs (t(17) � 3.6, p � 0.005).

We further analyzed the hemispheric asymmetry without the
assumption that the right and left hemispheres are structurally
homologous (see Materials and Methods, Data analysis). In the
first analysis using the resting-state fMRI (Fig. 5B), 15 bilateral
pairs of ROIs were generated, and the left-hemispheric domi-
nance was significant (t(14) � 5.8, p � 0.001). In the second
analysis using the correlation data alone (Fig. 5C), 12 bilateral
pairs of ROIs were generated, and the left-hemispheric domi-
nance was significant (t(11) � 4.2, p � 0.005). These results con-
firmed the left-hemispheric dominance independently of the
homologous structure assumption.

Given the left hemisphere-dominant correlation and the well
known right-hemispheric brain activation associated with re-
sponse inhibition, we next examined whether the four significant
correlations in the left hemisphere had contralateral counterpart
brain activation in the right hemisphere. The voxel in the right
hemisphere contralateral to the correlation peak in the left hemi-
sphere was set as the center of a ROI, and the brain activity in each
of the four ROIs in the right hemisphere was examined. The
results are listed in Table 1. Interestingly, the brain activation in
the counterpart right IFG was not significant (t(58) � 0.1, p �
0.05), whereas the brain activity in the counterpart right TPJ was
significant (t(58) � 2.2, p � 0.05) (Table 1).

Correlation of behavioral indices of two
inhibition-related tasks
To confirm that the efficiency index in the present study truly
reflects efficiency of response inhibition, an additional experi-

ment was conducted where subjects performed both the stop-
signal task and the go/no-go task (see Materials and Methods,
Additional experiment). As shown in Figure 6, the SSRT (a
smaller SSRT indicates greater efficiency) in the stop-signal task
and the efficiency index (a larger index indicates greater effi-
ciency) in the go/no-go task showed a significant anti-correlation
(r � �0.38, t(36) � �2.5, p � 0.05). These results suggest that the
efficiency index reflects the efficiency of response inhibition, if we
assume that the SSRT reflects the efficiency of response inhibi-
tion. However, because the correlation is only marginally signif-
icant, it is not the case that the two indices measure the same set of
cognitive components.

Discussion
In the present study we invented the efficiency index, which is
aimed at evaluating the efficiency of response inhibition in the
go/no-go task. Significant correlations between the brain activa-
tion and the efficiency index across subjects were detected in the
IFG, the SFG, the PreCG/MFG, and the TPJ in the left hemi-
sphere. A test of hemispheric asymmetry in the correlation fur-
ther revealed left-hemispheric dominance. These results indicate
that there exist neural substrates of response inhibition in the left
hemisphere that are modulated by the efficiency, whereas in the
right hemisphere there exist the well known neural substrates of
response inhibition (Konishi et al., 1998; Garavan et al., 1999;
Bunge et al., 2002; Horn et al., 2003; Maguire et al., 2003; Hester
et al., 2004; Rubia et al., 2005; Vink et al., 2005; Li et al., 2006;
Chikazoe et al., 2007; Morimoto et al., 2008; Nakata et al., 2008;
Xue et al., 2008; Zheng et al., 2008; Cai and Leung, 2009, 2011a;
Coxon et al., 2009; Roberts and Garavan, 2010; Zandbelt and
Vink, 2010; Lenartowicz et al., 2011) and other inhibitory func-
tions that are common to the subjects (Milham et al., 2002, 2003;
Hazeltine et al., 2003; Brass et al., 2005; Chambers et al., 2006;

Figure 3. Statistical activation maps for signal increase and decrease in the contrast of no-go versus infrequent-go trials.
Activation maps are displayed as transverse sections and are 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).
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Feredoes et al., 2006; Hodgson et al., 2007; Eagle et al., 2008;
Verbruggen et al., 2010; Severens et al., 2012).

The left hemispheric dominance of correlation with efficiency
is consistent with a neuropsychological study that showed that
the left IFG is critical for response inhibition under a harder
condition (Swick et al., 2008), and may imply that the left hemi-
sphere plays a supplementary role in response inhibition when
the right hemisphere is already fully engaged. Another possibility
regarding the left/right asymmetry is that the right hemispheric
processes may serve to orient attention in preparation to no-go
trials (Chao et al., 2009; Duann et al., 2009; Hampshire et al.,
2010). In particular, recent work of Zhang and Li (2012) using
ICA of the stop signal task data showed that the right frontopari-
etal network implements attentional monitoring, whereas the left

frontoparietal network implements response inhibition. More-
over, the attentional account of the right IFG activation is also
supported by the observation that the right IFG was activated
even during conditions where neither motor responses nor inhi-
bition of the motor responses were required (Hampshire et al.,
2010). These possibilities may not easily be reconciled, and fur-
ther studies may elucidate clearer insights into the left/right
asymmetry of hemispheric contribution to response inhibition.

The present study used the go/no-go task where a no-go cue
indicates a less frequent event of stopping. One possibility is that
the process of interpreting the cue is more difficult in the no-go
trials than in go trials, which may introduce confounds in the

Figure 4. A, Statistical maps for correlation between the brain activation related to response
inhibition and the efficiency index. Significant correlations were shown in red, overlaid on the
surface of the three dimensional brain. B, The scatter diagram between the percentage signals
related to response inhibition and the efficiency index in the regions detected as significant. One
dot represents one subject. The black line in each panel indicates a regression line.

Table 1. Significant correlations between the brain activations and the efficiency
index across subjects

X Y Z t (correlation) t (contralateral activation) Area

�54 30 12 4.9* 0.1 IFG
�42 �48 20 4.5* 2.2 TPJ
�36 6 46 4.2** 2.6 PreCG/MFG
�18 14 46 4.0** 1.4 SFG

*p � 0.05, corrected by the FDR.

**p � 0.05, corrected by the family-wise error (SVC).

Figure 5. A, Five typical examples of regions showing hemispheric asymmetry in the mag-
nitude of the correlations. Significant correlations after integrating bilateral correlations (see
Materials and Methods, Data analysis) are shown in red on the surface of the three dimensional
brain. ITG: inferior temporal gyrus, SOG: superior occipital gyrus. B, The magnitude of the cor-
relation in the above five regions as calculated by determining contralateral regions of interest
based on the largest resting-state functional connectivity peaks within a small sphere around
mirrored peaks. C, The magnitude of the correlation in the five regions as calculated by deter-
mining contralateral regions of interest based on the largest correlation peak within a small
sphere around mirrored peaks.

Figure 6. Correlation between SSRT in the stop-signal task and the efficiency index in the
go/no-go task. Each dot represents one subject. The gray line indicates a regression line.
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contrast of no-go versus go trials. Although we cannot completely
exclude the possibility, previous literatures have shown that the
brain activity associated with response inhibition as investi-
gated with the go/no-go task is largely similar, including the
inferior frontal and medial frontal activations, to that as in-
vestigated with the stop-signal task (Rubia et al., 2001; Zheng
et al., 2008; Chikazoe, 2010; Swick et al., 2011). Moreover,
other task paradigms such as the stop-signal task may contain
other types of confounds such as auditory processing associ-
ated with a stop signal. Thus, although response inhibition
may depend on the task used for investigation, it would be
difficult to conclude that any one particular task is better
suited to investigate response inhibition.

The previous studies of response inhibition have used SSRT in
the stop-signal task as an index for the efficiency of response
inhibition (Logan and Cowan, 1984; Aron et al., 2003; Li et al.,
2006; Chikazoe et al., 2009b, Cai et al., 2011b, Forstmann et al.,
2012), and the efficiency index invented in the present study has
both advantages and disadvantages over SSRT. The efficiency
index in the present study has an advantage in that the index is
based on a simpler assumption than SSRT. SSRT is calculated
based on a horse-race model, and a sophisticated structure of the
stop-signal task is necessary to calculate SSRT based on the horse-
race model. On the other hand, the efficiency index in the present
study is not based on the horse-race model, and can be calculated
using the go/no-go task, which is much simpler than the stop-
signal task. Conversely, SSRT has an advantage over the efficiency
index in the present study, in that SSRT for one subject can be
calculated based on behavioral data of one subject. Behavioral
data of a group population is necessary to calculate the efficiency
index in the present study for one subject, and the index indicates
a relative efficiency of response inhibition in that population.
Despite these differences between the two indices, the correlation
between the index and the brain activation exhibited consistency
in the left SFG and PreCG/MFG (Li et al., 2006). The consistency
indicates the validity of both SSRT and the efficiency index in the
present study as an index of the efficiency of response inhibition,
and also provides support for the validity of the horse-race model
(Logan and Cowan, 1984; Verbruggen and Logan, 2008) to ex-
plain the neural mechanism of response inhibition.

The present study using the efficiency index further re-
vealed significant correlations between the efficiency index
and the brain activation in the left IFG and TPJ. Our previous
study focusing on the precise localization of the IFG activa-
tion in the right hemisphere associated with response inhibi-
tion has revealed that the Y coordinates of the right IFG
activation ranges from 8 to 18 (Hirose et al., 2009). The sig-
nificant correlation in the IFG in the left hemisphere (Y � 30)
is located more anterior to the typical right IFG activation.
Indeed, the brain activity in the counterpart right IFG region
was not significant (Table 1). The apparent spatial discrepancy
in these regions suggests the heterogeneity of the IFG where
multiple neural substrates may contribute to response inhibi-
tion in different manners. On the contrary, the right TPJ,
located in the contralateral part of the left TPJ that showed
significant positive correlation, also showed significant brain
activity, which indicates the bilateral TPJ activation in effi-
cient performers. Although these results do not fully uncover
the neural mechanisms of response inhibition in terms of the
mechanisms that are common in the subjects or are modu-
lated depending on the efficiency of the subjects, the present
study provides a crucial distinction on their neural correlates
that is exhibited as hemispheric asymmetry.
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