
Response inhibition, the ability to suppress actions 
that are no longer behaviorally relevant or contextu-
ally appropriate, is a key function of the human execu-
tive control system. This function has been investigated 
behaviorally, with monkey physiology, and with human 
ERPs and fMRI by using go/no-go (Casey et al., 1997; 
Eimer, 1993; Kalaska & Crammond, 1995) and stop sig-
nal (Aron et al., 2007; Boucher, Palmeri, Logan, & Schall, 
2007; Li, Huang, Constable, & Sinha, 2006; Logan, 1994; 
Logan & Cowan, 1984) tasks. Response inhibition is be-
lieved to involve control regions in the prefrontal cortex 
(PFC), and both lesion and fMRI studies have suggested 
that the inferior frontal cortex (IFC), especially on the 
right hemisphere, is centrally involved in this function 
(Aron, Fletcher, Bullmore, Sahakian, & Robbins, 2003; 
Rubia, Smith, Brammer, & Taylor, 2003), a notion that 
is supported by transcranial magnetic stimulation (TMS) 
studies (Chambers et al., 2007; Chambers et al., 2006). 
Other studies in the literature have provided evidence 
for the involvement of additional brain structures in re-
sponse inhibition, including the presupplementary motor 
area, superior/ medial PFC, and precentral gyrus (Chen, 
Muggleton, Tzeng, Hung, & Juan, 2009; Floden & Stuss, 
2006; Li et al., 2006; Nachev, Wydell, O’Neill, Husain, & 
Kennard, 2007; Picton et al., 2007). In addition to cortical 
structures, several subcortical areas have been linked to re-
sponse inhibition, including the caudate, putamen (Eagle 
& Robbins, 2003; Li, Yan, Sinha, & Lee, 2008; Vink et al., 

2005), and subthalamic nucleus (Aron & Poldrack, 2006). 
The latter, in particular, has been suggested to be part of 
a hyperdirect pathway that includes the IFC and is critical 
for motor inhibition. Taken together, response inhibition 
appears to engage a broad constellation of cortical and 
subcortical sites that are recruited in order to cancel a pre-
potent response when inhibition is called for (Chambers, 
Garavan, & Bellgrove, 2009).

Recent studies have also made the case that network 
interactions subserve behavioral performance during 
response inhibition, revealing that multiple inhibition-
 related brain regions simultaneously contribute to this 
type of behavior (Duann, Ide, Luo, & Li, 2009). More 
generally, successful performance during response inhi-
bition is behaviorally challenging and depends on several 
processes, including perceptual processing and attention, 
in addition to inhibitory mechanisms per se. Consistent 
with this notion, a recent MEG study revealed that fluc-
tuations of sensory processing linked to both go and stop 
stimuli have an impact on inhibitory performance dur-
ing a stop signal task (Boehler et al., 2009). In a related 
fashion, several studies have reported the involvement 
of parietal regions during response inhibition (Garavan, 
Ross, & Stein, 1999; Hester, Madeley, Murphy, & Mat-
tingley, 2009; Liddle, Kiehl, & Smith, 2001), although 
the exact nature of their involvement remains to be deter-
mined. One possibility is that their role is attentional and, 
in particular, that they reflect trial-by-trial fluctuations 
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groups (e.g., ADHD vs. controls) or between conditions 
within the same subjects (e.g., reward vs. no reward [Pad-
mala & Pessoa, 2010]) can employ trial-based analysis 
to quantify potential changes in the relationship between 
moment-to-moment fluctuations in fMRI responses and 
behavior—which can be done at both the group and in-
dividual levels.

A second goal of the present study was to investigate 
functional interactions between brain regions during 
response inhibition (Duann et al., 2009). We reasoned 
that because successful performance during response 
inhibition depends on the effective allocation of atten-
tion, the relationship (or coupling) between responses 
in attentional regions in the frontoparietal cortex (Cor-
betta & Shulman, 2002; Kastner & Ungerleider, 2001) 
and responses in regions more directly implicated in re-
sponse inhibition (such as the right IFC) would vary as a 
function of behavioral performance—namely, successful 
versus unsuccessful inhibition. We therefore sought to 
investigate interregional signal relationships and their 
link to behavior on a trial-by-trial basis. For instance, if 
responses in the right IFC are predictive of successful 
performance, how is this relationship dependent on—
namely, moderated by—fluctuations in responses in 
brain regions important for attention? In general, because 
network interactions are believed to subserve behavioral 
performance, developing trial-by-trial analyses to include 
signals from multiple regions will, we contend, prove to 
be an invaluable tool in characterizing the brain bases of 
behavior (Figure 1B).

METHOD

Subjects
Thirty-five volunteers (22  3 years old; 19 females) participated 

in the study, which was approved by the Institutional Review Board 
of Indiana University, Bloomington. All the subjects were in good 
health, with no past history of psychiatric or neurological disease, 
and had normal or corrected-to-normal vision. All the subjects gave 
informed written consent. One subject’s data were removed from 
the analysis because of unusually poor performance (70% correct 
on go trials).

Stimuli and Behavioral Task
We employed a stop signal task to investigate the neural correlates 

of response inhibition (Figure 2). We used a simple choice reaction 
time (RT) task, which included both go and stop trials. Each go trial 
started with the presentation of a simple shape stimulus, and the 
subjects were asked to indicate circle or square via a buttonpress 
on an MR-compatible response box by using the index or middle 
finger of their right hand. The subjects were instructed to respond 
as soon as possible during the presentation of the shape stimulus 
(trials with an RT longer than 1 sec were treated as incorrect trials). 
Following the visual stimulus, the subjects viewed a blank screen for 
1,000 msec. Stop trials were identical to go trials, except that a brief 
tone (300 msec) was played after a variable stop signal delay (SSD) 
relative to the onset of the go stimulus, which indicated that the 
subjects should withhold their response (the initial value of the SSD 
was set to 250 msec). The SSD was adjusted dynamically through-
out the experiment, such that if the subjects successfully inhibited 
their response on a stop trial, the SSD was increased by 50 msec 
on a subsequent stop trial, and if the subjects failed to inhibit their 
response, the SSD was reduced by 50 msec on a subsequent stop 

in the allocation of resources (see Leber, Turk-Browne, 
& Chun, 2008) that are needed for successful behavioral 
performance during demanding tasks. Overall, interac-
tions between diverse brain regions involved in multiple 
aspects of task performance may be present during suc-
cessful response inhibition.

The goals of the present investigation were twofold. 
First, our aim was to characterize how evoked fMRI 
responses are linked to behavioral outcome during a re-
sponse inhibition task on a moment-to-moment basis. 
Traditionally, both in human fMRI studies and in studies 
of monkey physiology, two conditions are compared by 
testing for differences in the associated mean responses. 
A complementary approach is to investigate how trial-by-
trial fluctuations in evoked responses are linked to behav-
ioral performance. Although there is a relation between 
the information conveyed by these two types of analyses, 
the trial-by-trial analysis offers a potentially valuable way 
to quantify the predictive relationship between response 
magnitude and observed behavior (Figure 1A). For in-
stance, logistic regression analysis can be used to model 
the probability of a dichotomous behavioral variable 
(e.g., detected vs. undetected stimulus, correct vs. incor-
rect performance) as a function of single-trial responses. 
Trial-based approaches have been used fruitfully in stud-
ies investigating perceptual decisions (Padmala & Pessoa, 
2008; Ress, Backus, & Heeger, 2000), in addition to more 
cognitive tasks (Leber et al., 2008; Pessoa, Gutierrez, 
Bandettini, & Ungerleider, 2002). Our objective here was 
to investigate its use in a demanding cognitive task so as to 
further describe the viability of this analysis strategy when 
fMRI signals are employed—which are typically viewed 
as offering considerably less specific information relative 
to spike data, for instance.

In the present study, subjects performed a stop signal 
task in which they were required to withhold respond-
ing upon hearing an auditory cue among a rapid stream 
of visual go trials (Figure 2). Because such stop trials 
were infrequent and spaced apart in time, trial-by-trial 
behavioral outcome—namely, successful versus unsuc-
cessful inhibition—was linked to single-trial response 
amplitude. Typically, previous neuroimaging studies of 
the stop signal task have employed fast event-related 
designs and have reported that mean responses between 
successful and unsuccessful stop trials differ in the ex-
tent to which they engage the right IFC and various other 
regions implicated in response inhibition. By using trial-
based analysis, we aimed to further characterize the rela-
tionship between fMRI responses and observed behavior 
and, in particular, to test whether parametric increases 
in response amplitude could be quantitatively linked to 
the probability of successful response inhibition. More 
generally, quantifying the strength of this relationship al-
lows one to compare the predictive power across different 
brain regions that are engaged during response inhibition. 
In this manner, a more complete characterization of the 
extent to which specific regions contribute to success-
ful task performance is provided. Furthermore, research 
studies comparing inhibitory performance between 
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Figure 1. Overall logic of trial-by-trial analysis. (A) The top row illustrates a schematic fMRI time series, with responses dur-
ing successful and unsuccessful trials indicated in red (gray) and blue (black), respectively. The right panel shows a schematic 
representation of the behavior. If critical trials (stop trials, in the present case) are sufficiently spaced apart, the trial-by-trial 
variability in the magnitude of the evoked response can be quantitatively linked to the probability of successful performance 
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Behavioral Data Analysis
As was stated above, the SSD was adjusted dynamically to yield 

an inhibition success rate of approximately 50%. The stop signal RT 
(SSRT), which provides an estimate of the inhibitory RT, was cal-
culated by subtracting the average SSD from the median RT during 
correct go trials, following the race model (Logan & Cowan, 1984).

General fMRI Data Analysis
Preprocessing of the data was done using tools from the AFNI 

software package (Cox, 1996) (http://afni.nimh.nih.gov/afni). The 
first three volumes of each functional run were discarded to account 
for equilibration effects. The remaining volumes were slice-time cor-
rected and spatially registered for motion correction to the volume 
acquired closest in time to the particular subject’s high- resolution 
anatomy. The functional data were then normalized to Talairach 
space (Talairach & Tournoux, 1988) and spatially smoothed using a 
Gaussian filter with a full-width at half maximum of 7.6 mm (i.e., 
two times the voxel dimension). Finally, the signal intensity of each 
voxel was scaled to a mean of 100.

Voxelwise Analysis
Voxelwise analyses were run to determine regions of interest 

(ROIs; see below). Each subject’s fMRI data were analyzed using 
standard multiple linear regression. A linear model was defined for 
each subject that included three regressors corresponding to the 
three main event types—namely, successful stop trials (SUCC), un-
successful stop trials (UNSUCC), and an event type that included all 
incorrect go trials (INC). All regressors were convolved with a ca-
nonical hemodynamic response function (Cohen, 1997) to account 
for the low-pass properties of fMRI responses. Constant, linear, and 
quadratic terms were included for each run separately (as covariates 
of no interest) to model drifts of the MR signal. Correct go trials 
were not modeled explicitly and constituted the implicit baseline in 
the model. This type of baseline condition has been used success-
fully in several fMRI studies of the stop signal task (Chamberlain 
et al., 2009; Rubia et al., 2003; Rubia, Smith, Taylor, & Brammer, 
2007). In this manner, all parameter estimates reported in this study 
should be interpreted relative to the responses evoked by correct 
go trials.

ROI Analysis
To maximize statistical power, we focused our analysis on a set 

of ROIs that have been reported consistently in the previous re-

trial (Logan, Schachar, & Tannock, 1997; Rubia et al., 2003). This 
staircasing procedure ensured that the subjects were successfully 
inhibiting their responses on approximately 50% of the stop trials. 
The subjects were instructed to respond as quickly and accurately 
as possible and were asked to inhibit their response upon hearing 
a tone that followed the initial shape stimulus. They were also told 
that sometimes it might not be possible to successfully inhibit their 
response and that, in such cases, they should simply continue per-
forming the task. Overall, the importance of going and stopping was 
stressed equally. The subjects performed a short practice run (ap-
proximately 4 min) during the initial anatomical scan (see below) to 
familiarize themselves with the task.

Each subject performed four runs. Each run contained a total of 
150 trials, out of which there were 126 (84%) go trials and 24 (16%) 
stop trials. Trial order was randomized but fixed across subjects; 
no stop trials occurred during the last 6 trials of each run. Go and 
stop trials contained circle and square shape stimuli in equal pro-
portion. The data from a second condition (presented in separate 
experimental runs) involving reward were not analyzed here and will 
be discussed elsewhere. The runs from this second condition were 
identical in length to the runs reported here and alternated with the 
main ones (the order was counterbalanced across subjects).

Because standard slow event-related designs would be problem-
atic in the context of fast-paced stop signal tasks and given that the 
primary interest of this study was to perform a trial-by-trial analysis, 
approximately 75% of the stop trials (i.e., 72 out of 96 trials) were 
spaced apart by at least 10 sec from the other stop trials (with a 
minimum of 5 go trials in between) to allow for the estimation of 
single-trial responses (considering go trials as baseline condition; 
see below). The remaining stop trials were presented in close tem-
poral succession, so as to prevent the subjects’ expectancies from 
developing, but were not included in the trial-by-trial analysis.

MR Data Acquisition
MR data were collected using a 3 Tesla Siemens TRIO scanner 

(Siemens Medical Systems, Erlangen, Germany). Each scanning 
session began with a high-resolution MPRAGE anatomical scan 
(TR  1,900 msec, TE  4.15 msec, TI  1,100 msec, 1-mm iso-
tropic voxels, 256-mm field of view). Subsequently, in each func-
tional run, 153 volumes were acquired with a TR of 2,000 msec and 
a TE of 25 msec and consisted of 34 axial slices with a thickness of 
3.8 mm and an in-plane resolution of 3.8  3.8 mm (240-mm field 
of view).

Stop Signal Task

Go Trials (84%) Stop Trials (16%)

Figure 2. Stop signal task paradigm. During go trials, subjects responded to the go 
signal (circle or square?), whereas during stop trials, they were instructed to withhold 
their motor response (signaled by an auditory cue). The stop signal followed the go 
stimulus after a variable-length delay, the stop signal delay (SSD), which was updated 
on the basis of a staircase procedure that maintained behavioral performance at ap-
proximately 50% correct.
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(thus keeping our plot two-dimensional). In the plots of individual 
data fits (Figures 3–6, panels A and E), data were binned into 14 
bins based on fMRI amplitude such that 5 trials were present in 
each bin (except the last one, which had 7 trials); data points rep-
resent the proportion of SUCC trials in each bin. A similar strategy 
was used for group fits (Figures 3–6, panels C and G), but in this 
case, data were pooled across subjects and 24 bins were used with 
approximately 100 trials in each bin (see below for the methods 
employed in the group fits). Finally, note that whereas a linear 
regression fit to the data is conceivable (see, e.g., Figure 3C), a 
logistic-type fit is required given the binary nature of the data 
(success/failure).

Response strength for each trial was indexed by considering acti-
vations around the expected peak time—specifically, the time points 
at 4, 6, and 8 sec following trial onset (only trials sufficiently spaced 
apart were considered). Because responses were somewhat variable 
in their timing (see Figures 3–6), the peak response during the 4- to 
8-sec window was averaged with the second-largest response in the 
same window (only consecutive points were averaged). For instance, 
if the peak occurred at 6 sec and the second-largest response was at 
4 sec, responses at 4 and 6 sec were averaged; if the second-largest 
response was at 8 sec, responses at 6 and 8 sec were averaged. Criti-
cally, very similar results were obtained when only the peak response 
between 4 and 8 sec was used. For regions that exhibited deactiva-
tions relative to baseline (e.g., the left superior frontal gyrus), we 
averaged the two consecutive responses with the largest responses 
in absolute value (i.e., response minima).

To assess the link between single-trial amplitude and behavioral 
performance at the group level, a multilevel logistic regression analy-
sis (Gelman & Hill, 2007) was performed via the method of general-
ized estimating equations (GEE; Zeger & Liang, 1986). GEE is a 
powerful statistical technique that is often used with longitudinal and 
correlated data, especially when the data are binary. GEE combines 
the information from all of the subjects and determines an overall 
population-level logistic function, taking into account the correlated 
structure of the data within subjects. As above, we modeled the prob-
ability of success during a stop trial as a function of response am-
plitude, SSD, and the interaction term. The slope of the logistic fit 
corresponding to response amplitude indicates the strength of the 
association between fMRI responses and behavior at a single-trial 
level (at the group level). To implement GEE, the  GEEQBOX toolbox 
(Ratcliffe & Shults, 2008) was used in  MATLAB (The MathWorks, 
Natick, MA).

Calculation of Average Predictive Comparisons  
on the Basis of fMRI Amplitude

Logistic regressions are nonlinear on the probability scale such 
that a constant fMRI signal difference does not correspond to a 
fixed change in probability; the gain will be greater at the middle 
portion of the sigmoidal curve where the slope is steepest. To pro-
vide a measure of the increase in probability of success as a func-
tion of fMRI signal changes, for each individual, we compared 
probabilities when activation changed from medium to high levels, 
where medium corresponded to the amplitude when Pr( y  suc-
cess)  .5 and high corresponded to the mean response amplitude 
of the trials with the 10% highest responses. We defined high in 
this manner to minimize the effects of unusually high single-trial 
responses if the largest single trial (i.e., the max) were picked. De-
termining the predictive difference in probabilities between these 
two cases (medium and high) is admittedly arbitrary but provides 
an effective way to summarize how changes in fMRI responses 
affect the ability to predict successful performance (Gelman & 
Hill, 2007). A complementary summary strategy is provided by 
the slope of the logistic fit at the group level, as evaluated via GEE 
(see above), a strategy that takes into account all trials (from all 
subjects). However, because the logistic fit represents a relation-
ship that is nonlinear, the slope value is informative mostly about 
the region of greatest probability change (e.g., similar changes in 

sponse inhibition literature (as listed in Table 2); note, in particu-
lar, that regions such as the posterior cingulate, anterior cingulate, 
and anterior insula have been implicated in, among other things, 
error-related processing during these tasks. Specifically, the precise 
location of these ROIs was determined on the basis of general task-
 related activation, formally defined by the contrast vector c selection  
[1 1 0] T (where T denotes the transpose operation), correspond-
ing to the SUCC,  UNSUCC, and INC conditions, respectively, at 
a p value of .005, corrected for multiple comparisons according 
to a false discovery rate procedure (Genovese, Lazar, & Nichols, 
2002). Individual ROIs were drawn using a sphere of 5-mm radius 
centered at the peak voxel of each cluster (defined at the group 
level). For each individual, a representative time series for the ROI 
was then defined by averaging across all of the voxels. Before doing 
so, the variance explained by incorrect go trials was removed from a 
voxel’s time series (slow-varying drifts in MR signal were likewise 
removed). A convenient way to implement this procedure is avail-
able via the 3dSynthesize program in AFNI. When our analyses 
were repeated without removing the variance related to incorrect go 
trials (which were fewer than 2.5% overall), nearly identical results 
were observed.

The selection criterion above was employed because it was or-
thogonal to the main contrast of interest in our study—namely, the 
contrast of successful and unsuccessful trials, specifically ctest  
[1 1 0]T (note that cselection

T ctest  0). In this manner, the selec-
tion and test criteria were independent, avoiding potential biases 
in the ROI analysis. In addition, the staircasing procedure guaran-
teed that an approximately equal number of trials were obtained for 
each trial type of interest (Kriegeskorte, Simmons, Bellgowan, & 
Baker, 2009).

We further simulated the effect of the ROI selection proce-
dure by generating 500,000 Gaussian random samples (M  0, 
SD  1), with 36 trials per condition (the mean number of spaced 
apart trials per condition observed during the fMRI experiment). 
For every sample, we contrasted SUCC and UNSUCC trials via 
logistic regression analysis to generate the distribution of logistic 
regression slopes based on this noise distribution. These results 
were then compared with the distribution of slopes obtained when 
our selection criterion was first adopted (i.e., when the selection 
contrast was statistically significant). No selection bias was ob-
served, as evidenced by the complete overlap of the two distribu-
tions (Supplemental Figure 1).

For illustration of average evoked responses for the SUCC and 
 UNSUCC conditions, for each ROI (see Figures 3–6), selective aver-
aging was performed using responses to stop trials that were spaced 
at least 10 sec apart, as in the trial-based analysis (see below).

Trial-Based Analysis
To quantify the link between fMRI amplitude and behavior at 

the individual level, a trial-by-trial fMRI analysis was performed 
on the time series from each ROI for each individual. We modeled 
the probability of success during a stop trial by performing standard 
logistic regression analysis (Hosmer & Lemeshow, 2000) based 
on single-trial fMRI response amplitude. Because the SSD varied 
for each trial, due to the staircasing procedure, these values were 
also entered into our model, together with the interaction between 
SSD and fMRI amplitude (to avoid strong correlations between 
the interaction and remaining terms, the fMRI and SSD variables 
were initially mean corrected). Thus, the probability of success was 
modeled by

 Pr( yi  1)  logit 1[b0  b1fMRIi  b2SSDi  b3(SSDi  fMRIi)], 

where y is the behavioral outcome (success, 1; failure, 0), the func-
tion logit 1 transforms continuous values to the range (0,1), which 
is necessary for probabilities (note that this is simply a logistic 
sigmoidal curve), fMRI is the response amplitude, SSD is the 
staircasing delay, and i is a trial index. For plotting purposes (see 
Figures 3–6), only the influence of fMRI responses is illustrated 
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RESULTS

Behavioral Results
Behavioral results are summarized in Table 1 (the results 

are for the same set of trials as that used in the fMRI analy-
sis; see the Method section). Mean RT on correct go trials 
was 487 msec, and the mean go trial error rate was 2.3%. 
As was expected, because of the staircasing procedure, 
the inhibition rate during stop trials was approximately 
50%. The critical behavioral index of response inhibition, 
SSRT, was on average 205 msec, in the range previously 
reported in studies of the stop signal task (Colzato, van 
den Wildenberg, & Hommel, 2007; Williams, Ponesse, 
Schachar, Logan, & Tannock, 1999). Finally, the RT dur-
ing UNSUCC trials was shorter than those on correct go 
trials [t(33)  5.74, p  .001], in line with predictions of 
the race model (Logan & Cowan, 1984).

fMRI Results
To maximize statistical power, trial-by-trial analyses 

were restricted to a set of ROIs (Table 2; see the Method 
section). For each ROI, we investigated the link between 
single-trial amplitude and behavioral performance at the 
individual level by performing logistic regression anal-
ysis. Accordingly, fMRI response amplitude was em-
ployed to predict whether the subjects were successful at 
withholding responses during stop trials. Positive slopes 
indicate that the probability of successful inhibition dur-
ing a stop trial increased as a function of the amplitude 
of the evoked response. Examples of logistic fits at the 
individual level are shown in Figure 3 for the right IFG 
(panel A) and left precentral gyrus (panel E), together 
with bar plots showing slope values for all the subjects 
(panels B and F). Group-level logistic fits are shown in 
the third column (panels C and G; note that for the range 
of fMRI amplitudes considered, the figure illustrates 
the linear part of the logistic function). Finally, mean 
evoked responses are shown in the last column (panels D 
and H).

Both the right IFG and the left precentral gyrus have 
been advanced as important regions for response inhibi-
tion. In this context, the results of Figure 3 can be sum-
marized as follows. In both of these regions, mean evoked 
responses were stronger during SUCC than during UN-
SUCC trials. Critically, as the single-trial response ampli-
tude increased, the probability of successfully inhibiting a 
motor response increased. This relationship was observed 
at the level of the individual for most subjects (in terms of 
the sign of the slope) and reliably at the group level. Note 
that even though a small number of trials were employed 

fMRI amplitude at low values of response amplitude do not change 
the probability of behavior by much).

More precisely, the average (across trials) predictive difference in 
probability for a given individual was given by 1/n i, where

i  logit 1[b0  b1high  b2SSDi  b3 (SSDi  high)] 

 logit 1[b0  b1medium  b2SSDi  b3 (SSDi  medium)],

n is the number of trials, and i is a trial index (all trials must be con-
sidered, because SSD varied as a function of trial; for further details, 
see Gelman & Hill, 2007). This predictive difference in probability 
was computed for every subject and then averaged across subjects 
to provide a final value.

Functional Connectivity Analysis
We investigated functional interactions between attention- and 

inhibition-related regions. We use attention related and inhibition 
related as convenient shorthand terms, without implying that the 
associated regions are exclusively linked to these functions; in 
particular, the right IFC has been implicated in several executive 
functions (Brass, Derrfuss, Forstmann, & von Cramon, 2005), in-
cluding more reactive/exogenous attentional effects (Corbetta & 
Shulman, 2002; Pessoa & Ungerleider, 2004). On the basis of the 
existing literature, the following attentional regions were probed: 
the intraparietal sulcus (IPS; right, x  28, y  58, z  42; left, 
x  29, y  58, z  43), the inferior parietal lobule (IPL; right, 
x  36, y  37, z  44; left, x  34, y  37, z  38), and 
the frontal eye field (FEF; right, x  28, y  8, z  51; left, x  

24, y  13, z  54). For these regions, ROIs were defined as 
described previously—namely, by assessing general task-related 
activation and by creating representative time series. Likewise, the 
following inhibition regions were probed: the right inferior frontal 
gyrus (IFG), bilateral caudate, and bilateral putamen (we did not 
include the left IFG because it exhibited a different response pat-
tern, as compared with the preceding regions; see Figure 4D).

Initially, we investigated whether the correlations between trial-
by-trial responses in inhibition-related regions were more strongly 
correlated with signals in frontoparietal attentional regions during 
SUCC versus UNSUCC trials. Prior to computing the correlations, 
response strengths were mean centered, such that only deviations 
from the mean were considered. Note also that because we employed 
a slow event-related design, the correlations involved a single mea-
sure of response strength per trial (i.e., the correlations did not in-
volve the entire time series; see Zhou, Thompson, & Siegle, 2009). 
To compare the difference in correlations between the SUCC and 
UNSUCC conditions at the group level, correlations were initially 
transformed (via Fisher’s Z transform) and then compared via a 
paired t test.

Relationship Between Frontoparietal Responses and the 
Strength of the Relationship Between the Right IFG  
and Behavior

We investigated the relationship between trial-by-trial fluctua-
tions in responses in attentional regions (IPS, IPL, and FEF) and 
the strength of the association between right IFG and behavior. To 
do so, we probed whether the trial-by-trial relationship between the 
right IFG and behavior depended on the magnitude of the IPS, IPL, 
or FEF (each tested in a separate analysis). To increase statistical 
power, we pooled data from all the subjects and binned trials on 
the basis of the strength of frontoparietal activation independent of 
behavioral responses. For each bin, all the trials were employed to 
determine the logistic regression slope between right-IFG response 
strength and behavior (successful vs. unsuccessful). The regression 
slopes were then correlated with the median amplitude of fronto-
parietal responses in each bin (see Figure 10B for further details). 
A total of 22 bins was used to partition the range of frontoparietal 
responses into approximately equal number of trials per bin. Note 
that the results were robust with respect to the specific number of 
bins employed when we partitioned the data into 10–25 bins.

Table 1 
Behavioral Results

Median go reaction time (msec) 487.1  18.6
Inhibition rate (%)  50.3  0.7
Stop signal delay (msec) 282.4  25.1
Stop signal reaction time (msec) 204.7  10.0
Unsuccessful stop trial reaction time (msec) 462.7  17.5

 Go error rate (%)    2.3  0.3  
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It is of interest to consider the slope values for the re-
gions discussed in the preceding paragraphs. Overall, the 
slope varied more than threefold, with the lowest values 
being observed in the right IFG (.23) and right caudate 
(.24) and the highest values being observed in the right 
putamen (.76) and right IPL (.89).

Interestingly, some regions exhibited significant group-
level slopes that were negative, including the posterior cin-
gulate cortex (PCC) and anterior cingulate cortex (ACC; 
Figure 6). For these regions, increases in fMRI response 
strength were associated with a decreased probability of 
successful inhibition; or conversely, increases in fMRI 
strength were linked with an increased probability of error 
(i.e., failed inhibition).

per subject, the fit was significant at the level of the indi-
vidual for some of them.

Positive logistic slopes at the individual and group lev-
els were also observed in two other PFC regions—namely, 
the left IFG and left superior frontal gyrus (Figure 4). Un-
expectedly, however, mean responses exhibited a differ-
ent pattern when compared with those shown in Figure 3. 
Specifically, both SUCC and UNSUCC trials displayed 
decreased activation relative to baseline (go trials).

Positive logistic slopes were also observed in the right 
IPL and right IPS (see Table 2 for complete results). Fur-
thermore, significant group-level positive slopes were ob-
served in subcortical regions, including the caudate and 
putamen (both bilaterally), as illustrated in Figure 5.

Table 2 
Region of Interest (ROI) Based Trial-by-Trial Logistic Analysis Linking fMRI Signals to Behavior  

(Peak Talairach Coordinates Are Provided for Each ROI)

Location fMRI  SSD
    x  y  z  fMRI Slope  Slope  UNSUCC(t)*

SUCC  UNSUCC
Parietal
 Intraparietal sulcus R 28 58 42 0.33 ( p  .05) 2.45 ( p  .20) 3.47 ( p  .005)
 Inferior parietal lobule R 36 37 44 0.89 ( p  .005) 0.20 ( p  .94) 1.08 ( p  .29)
Frontal
 Inferior frontal gyrus R 48 26 20 0.23 ( p  .05) 2.14 ( p  .16) 1.10 ( p  .28)

L 48 26 14 0.28 ( p  .05) 1.74 ( p  .14) 3.68 ( p  .005)
 Superior frontal gyrus L 19 19 49 0.46 ( p  .005) 2.18 ( p  .14) 4.64 ( p  .001)
 Precentral gyrus L 34 11 45 0.40 ( p  .05) 1.01 ( p  .71) 4.91 ( p  .001)
 Supplementary motor area R/L 0 4 52 0.06 ( p  .65) 2.51 ( p  .11) 7.37 ( p  .001)
Subcortical
 Putamen R 21 4 4 0.76 ( p  .005) 0.50 ( p  .80) 2.51 ( p  .010)

L 19 4 4 0.68 ( p  .005) 0.09 ( p  .96) 2.03 ( p  .050)
 Caudate R 11 4 9 0.24 ( p  .05) 0.36 ( p  .85) 4.62 ( p  .001)

L 10 4 8 0.29 ( p  .05) 0.12 ( p  .94) 4.22 ( p  .001)
 Subthalamic nucleus R 10 14 3 0.04 ( p  .80) 0.03 ( p  .99) 3.46 ( p  .005)

UNSUCC  SUCC

Posterior cingulate R/L 0 25 28 0.37 ( p  .005) 1.84 ( p  .26) 8.46 ( p  .001)
Anterior cingulate R/L 0 20 28 0.42 ( p  .005) 3.24 ( p  .05) 8.64 ( p  .001)
Anterior insula R 35 14 6 0.23 ( p  .22) 5.37 ( p  .01) 13.88 ( p  .001)

L 29 17 7 0.20 ( p  .23) 5.63 ( p  .01) 13.96 ( p  .001)

Note—SSD, stop signal delay; SUCC, successful inhibition; UNSUCC, unsuccessful inhibition. *Standard contrast between 
unsuccessful trials and baseline (as suggested by a reviewer).
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Connectivity Analysis
What is the relationship between inhibition- and 

attention- related regions, and how do they vary as a func-
tion of behavioral performance? To investigate these ques-
tions, we evaluated the correlations between responses in 
inhibition- and attention-related regions (see the Method 
section for the definition of these regions). Increased 
correlations for successful versus unsuccessful perfor-
mance were observed between the right IFG and bilateral 
IPS [right IFG and left IPS, t(33)  2.88, p  .01; right 
IFG and right IPS, t(33)  3.39, p  .005] and between 
the right IFG and bilateral FEF [right IFG and left FEF, 
t(33)  2.54, p  .05; right IFG and right FEF, t(33)  
2.55, p  .05], as illustrated at the group (Figure 9A) and 
individual (Figures 9B and 9C) levels; significant differ-
ential correlations were not observed between other pairs 
of regions (e.g., the IPS and caudate).

We further investigated the relationship between inter-
regional evoked responses and behavioral performance 
in the following way. We reasoned that if fluctuations in 
responses in frontoparietal regions are important for de-
termining behavior, the strength of the predictive effect 
between inhibition-related regions and behavior should 
depend on the strength of these very frontoparietal sig-
nals. In particular, we were interested in assessing how 
the slope of the logistic regression slope between the right 
IFG and behavior varied as a function of frontoparietal 
responses (Figure 10A). To do so, trials across subjects 
were pooled together (to increase statistical power) and 
binned according to response magnitude independently 
of behavior (see the Method section). The same trials 
were then used, and trial-by-trial logistic regressions in-
volving the right IFG and behavior were determined for 
every bin, as illustrated in Figure 10B. Figure 10C dis-
plays the results, which revealed that as response strength 
in the left IPS increased, the slope of the logistic regres-
sion was steeper [r(22)  .44, p  .05]—that is, the link 

We were interested in further quantifying the strength 
of the relationship between fMRI magnitude and the 
probability of successful inhibition. For instance, for the 
right IFG, when evoked responses changed from medium 
to high (see the Method section), the probability of suc-
cessful inhibition increased from 50% to 55.5%  1.89% 
[t(33)  2.88, p  .01]. Although this figure is relatively 
modest, plotting the values across individuals (Figure 7A) 
shows that considerable intersubject variability was pres-
ent (SD  11%). Thus, for instance, predictive probabili-
ties for the 10 top subjects averaged 69.1%. The distribu-
tion of predictive probabilities is also shown for the right 
caudate (Figure 7B) and right putamen (Figure 7C). For 
the former region, the average value was 53.9%  1.49% 
[t(33)  2.62, p  .05; SD  8.7%; 64.5% for the top 
10 subjects], and for the latter region, the average value 
was 60.5%  1.55% [t(33)  6.75, p  .001; SD  9.0%; 
70.4% for the top 10 subjects].

In addition to evaluating the slope corresponding to 
the magnitude of evoked fMRI responses, we tested the 
remaining two explanatory variables in the logistic re-
gression model—namely, SSD and the fMRI  SSD 
interaction. The SSD variable was not statistically sig-
nificant for any of the regions, whereas the SSD  fMRI 
interaction was significant in the ACC and bilateral an-
terior insula (Table 2). For both of these regions, the link 
between fMRI responses and behavior depended on the 
delay, such that at high SSD values, the logistic slope was 
steeper, as compared with the slope at low SSD values 
(Figure 8).

The final column of Table 2 displays regions that were 
reliably engaged during UNSUCC trials (relative to the go 
baseline). The subthalamic nucleus, a region previously 
implicated in some response inhibition studies (Aron & 
Poldrack, 2006), was engaged during these trials, as well 
as most brain regions (likely because of the unspecific 
nature of the contrast between UNSUCC and go trials).
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DISCUSSION

In this study, we investigated the link between single-
trial fMRI responses and behavioral performance during 
response inhibition. To do so, subjects performed a stop 
signal task with stop trials sufficiently spaced apart so 
as to allow the estimation of single-trial responses. The 
quantitative assessment of brain–behavior relationships 
revealed that several cortical and subcortical regions pre-
viously implicated in response inhibition parametrically 
predicted stopping performance on a moment-to-moment 
basis. Methodologically, our study revealed that the re-
lationship between trial-by-trial responses and behavior 

between brain responses in the right IFG and behavior 
was tighter. This type of relationship of the right IFG to 
behavior was not observed when other frontoparietal re-
gions were considered (i.e., the right IPS, bilateral IPL, 
and bilateral FEF; rs  .3). Furthermore, when the cau-
date or putamen were evaluated (in the place of the right 
IFG in the analysis shown in Figure 10A), no significant 
results were detected (rs  .1). Finally, when the right 
IFG and the left IPS were swapped around in the analy-
sis shown in Figure 10A, no significant relationship was 
observed [r(22)  .11, p  .62], suggesting that the role 
of these two regions was not completely interchangeable 
in our task.
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The stop signal task is a popular behavioral paradigm 
used to study response inhibition (Verbruggen & Logan, 
2008). It allows for the estimation of the latency of the 
stop process—namely, the inhibitory RT (i.e., SSRT), 
which is, by definition, unobserved. In the present study, 
because we were interested in the variability in trial-by-
trial responses, we did not employ a standard fast event-
related design but, instead, spaced stop trials sufficiently 
apart that the hemodynamic responses to individual stop 
trials did not overlap each other. Although this strategy 

could be detected under experimental conditions similar 
to those employed to investigate differences in mean re-
sponses. In particular, the subjects were scanned during 
only one session, unlike some other experiments in which 
multisession data have been utilized (Lim, Padmala, & 
Pessoa, 2009; Padmala & Pessoa, 2008; Ress et al., 2000; 
Sylvester, Shulman, Jack, & Corbetta, 2007). Our results 
thus suggest that cognitive tasks are amenable to trial-
by-trial analyses with fMRI (Leber et al., 2008; Pessoa 
et al., 2002).
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tively shallow, yet significant, logistic fit observed in our 
study characterizes how  moment-to-moment changes in 
fMRI responses are linked to changes in behavior and is 
consistent with the results of previous studies that have 
reported differences between SUCC and UNSUCC trials 
in the right IFG based on mean responses (Rubia et al., 
2003). Finally, it is important to consider that the slope 
of the logistic fit reflects the collective contributions of 
evoked responses to successful inhibitory performance. 
And because successful behavior in the task relies on 
several types of processes, including those more closely 
linked to attention (see below), all of those contributions 
will influence the steepness of the slope.

Significant positive slopes were also observed in the 
left precentral gyrus, bilateral caudate, and bilateral pu-
tamen. The left precentral gyrus has been implicated in 
response inhibition (Li et al., 2006) and is also involved in 
 stimulus–response associations (Brass, Wenke, Spengler, 
& Waszak, 2009). Converging evidence also indicates the 
importance of the striatum in response inhibition. For in-
stance, in a lesion study using the stop signal task, lesions 
of the rat striatum increased the SSRT by 60% (Eagle & 
Robbins, 2003), and a recent stop signal task study re-
ported the involvement of the caudate during inhibition 
(Li, Yan, Sinha, & Lee, 2008). Interestingly, hypoactiva-
tion in this structure has been documented in clinical pop-
ulations with inhibitory deficits (Booth et al., 2005). Our 
results revealed that moment-to-moment fluctuations in 
response amplitude in these structures were quantitatively 
linked to the probability of successful inhibition during 
the stop signal task.

We did not observe evidence for an association between 
fMRI responses and behavioral performance in the sub-
thalamic nucleus, a subcortical region that has recently 
been implicated in response inhibition in humans (Aron 
& Poldrack, 2006; Ray et al., 2009). In our subjects, this 
region was equally engaged during SUCC and UNSUCC 
trials. A possible reason for this negative result is related 
to the finding that inhibition-related regions may be en-
gaged robustly during UNSUCC trials, too (see Table 2, 
last column)—but too late to countermand the go response 
(Garavan, Ross, Murphy, Roche, & Stein, 2002). If this is 
the case, it may be difficult to disentangle SUCC versus 
UNSUCC trials on the basis of fMRI signal amplitude 
(because of the sluggish nature of the BOLD signal). In 
a recent lesion study with rats, subthalamic nucleus le-
sions did not affect the SSRT (Eagle et al., 2008). Instead, 
the lesions affected stopping accuracy irrespective of the 
SSD, consistent with the notion that this region may be 
more strongly involved in the response selection compo-
nent of the task, and not inhibition per se (Eagle et al., 
2008). A similar suggestion about the role of the subtha-
lamic nucleus in response selection was made on the basis 
of Parkinson’s disease patients (van den Wildenberg et al., 
2006). The considerations above need to be qualified by 
the fact that the subthalamic nucleus is a very small struc-
ture and that the site observed in the present study might 
actually not correspond to this nucleus. It is thus possible 
that the actual subthalamic nucleus was not robustly en-
gaged by our task.

did not allow us to estimate responses to go trials (which 
constituted the baseline condition), the task structure may 
be better suited to study response inhibition than other 
fast event-related paradigms that include interspersed null 
events lasting, say, 2–6 sec, which may induce a more 
controlled mode of responding. In addition, the strategy 
of treating go trials as a baseline has been successfully 
used in the past in both go/no-go (Chikazoe et al., 2009; 
Garavan et al., 1999; Hester et al., 2009) and stop signal 
(Chamberlain et al., 2009; Rubia et al., 2003; Rubia et al., 
2007) studies.

Previous neuroimaging investigations have adopted two 
alternative strategies for indexing response inhibition—
specifically, either by contrasting SUCC versus go trials 
(Aron & Poldrack, 2006; Xue, Aron, & Poldrack, 2008) 
or by contrasting SUCC versus UNSUCC trials (Li et al., 
2006; Rubia et al., 2003). The approach of the present 
study was to probe response inhibition on a trial-by-trial 
basis by employing logistic regression analysis in terms of 
a dichotomous behavioral variable (successful, unsuccess-
ful), an approach qualitatively similar to the latter strategy 
above. The rationale for contrasting SUCC versus go tri-
als is, at times, that the outcome on a stop trial depends 
mainly on the speed of the go process (Aron & Poldrack, 
2006; Leung & Cai, 2007). Another reason for contrasting 
SUCC versus go trials is that SUCC stop trials engage both 
go and stop processes, such that subtracting the go com-
ponent would provide an indication of  inhibition-related 
activity (Aron & Poldrack, 2006; Leung & Cai, 2007). 
In this case, however, the inhibition-related response is 
relatively unspecific, since it includes contributions from 
various other cognitive processes recruited during the stop 
signal task, including oddball effects (because of infre-
quent stop trials), decision making, response selection, 
and conflict monitoring (Rubia et al., 2003).

The right IFG is believed to be an important brain 
region for response inhibition, as evidenced by lesion, 
fMRI, and TMS studies (Aron et al., 2003; Chambers 
et al., 2007; Chambers et al., 2006; Forstmann et al., 2008; 
Rubia et al., 2003). Our quantitative brain–behavior anal-
ysis is consistent with this notion. Although the magni-
tude of the relationship was modest at the group level, it 
was sizable for several subjects. Specifically, at the group 
level, the probability of successful inhibition increased 
to 55.5% for trials with high activation (i.e., top 10%), 
relative to those trials for which subjects were at 50% per-
formance. At the individual level, for the 10 subjects with 
the strongest brain–behavior relationships, the same prob-
ability increased to 69.1%, on average. It is noteworthy 
that both group and individual values are comparable to 
those obtained with neuronal data during perceptual de-
cision tasks with monkeys (Britten, Newsome, Shadlen, 
Celebrini, & Movshon, 1996; Purushothaman & Bradley, 
2005), as well as other fMRI studies of decision making 
(Pessoa & Padmala, 2005). Somewhat surprisingly, the 
value of the slope of the fMRI signal in the right IFG 
was among the lowest observed. In the literature, there 
is still some dispute as to whether differences between 
SUCC and UNSUCC trials are present in the right IFG 
(Aron & Poldrack, 2006; Rubia et al., 2003). The rela-
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they are more easily correctable) and would be expected to 
generate stronger error-related responses in the ACC, just 
the opposite of the pattern observed in our data.

Greater bilateral anterior insula activation during un-
successful than during successful stop trials has been 
reported in several response inhibition studies (Hester 
et al., 2004; Li et al., 2006; Li, Yan, Chao, et al., 2008; 
Ramautar, Slagter, Kok, & Ridderinkhof, 2006), but it 
is unclear whether this activity reflects anticipation and/
or prediction of errors (Preuschoff, Quartz, & Bossaerts, 
2008), or whether it is a consequence of committing errors 
and is linked to arousal/affective responses subsequent to 
the errors (Magno, Foxe, Molholm, Robertson, & Gara-
van, 2006). Following the same logic as that for the ACC 
above, our data suggest that the activity in the anterior 
insula, bilaterally, was more strongly related to predicting 
or anticipating errors. However, as in the case of the ACC, 
we cannot rule out posterror effects, and future studies 
will be needed to clarify the role of the anterior insula 
during failed inhibitions. No significant interaction effect 
was detected in the PCC, suggesting that the responses 
were related to preparing for and making the erroneous 
response and, hence, did not interact with SSD.

A previous study of the stop signal task also investi-
gated how inhibition-related signals depend on the SSD 
(Aron & Poldrack, 2006) and revealed that activations in 
the subthalamic nucleus and presupplementary motor area 
were larger for trials with longer SSDs; responses in the 
IFC did not depend on the SSD. In our study, we did not 
observe significant fMRI  SSD interactions in these re-
gions. However, the comparison between the two studies is 
not direct, because Aron and Poldrack employed a differ-
ent contrast (SUCC vs. go) to index response inhibition.

Although several studies have reported the involvement 
of parietal regions during response inhibition (Garavan 
et al., 1999; Hester et al., 2009; Liddle et al., 2001), the 
exact nature of their involvement remains to be deter-
mined. One possibility is that their role is attentional and, 
in particular, that they reflect trial-by-trial fluctuations in 
the allocation of the resources (Leber et al., 2008) that 
are needed for successful behavioral performance during 
demanding tasks. Consistent with this notion, a recent 
MEG study revealed that fluctuations of sensory process-
ing linked to both go and stop stimuli impact inhibitory 
performance during a stop signal task (Boehler et al., 
2009). Here, we further investigated the role of attention-
related processes during response inhibition by focusing 
on frontoparietal regions that are known to have impor-
tant roles in attention and that were robustly engaged by 
the present task—specifically, the IPS, IPL, and FEF. Our 
analysis revealed that the coupling between these regions 
and the right IFG was increased during successful ver-
sus unsuccessful performance, consistent with the notion 
that trial-by-trial fluctuations in attention are important in 
determining the relationship between the right IFG and 
response inhibition. Interestingly, not all frontoparietal 
attentional regions behaved in the same way. Although 
responses in the right IPL exhibited the steepest logistic 
regression slope (i.e., largest predictive power in terms 
of SUCC vs. UNSUCC trials), no differential coupling 

In the left frontal cortex, we observed significant posi-
tive logistic slopes in the IFG and superior frontal gyrus. 
Although the right IFC is more consistently reported to be 
involved in response inhibition, the IFC on the left hemi-
sphere has been reported to exhibit differential SUCC 
versus UNSUCC responses (Li et al., 2006; Rubia et al., 
2007) and has been linked to response inhibition in a re-
cent lesion study (Swick, Ashley, & Turken, 2008). The 
left superior frontal gyrus has also been shown to be in-
volved during response inhibition (Li et al., 2006), and pa-
tients with left superior frontal cortex lesions exhibit poor 
performance during go/no-go tasks (Picton et al., 2007). 
It should be noted that although positive logistic slopes 
were observed for these regions, unexpectedly, a differ-
ent pattern of mean responses was observed (relative to, 
say, those in the right IFG). Specifically, relative to the go 
baseline, stop-related responses were negative. Because 
responses to go trials could not be separately estimated in 
the present study (since they constituted the baseline), the 
interpretation of these decreased activations is unclear. 
For instance, it is possible that these regions were engaged 
by both go and stop processes, but additional studies will 
be needed to answer this question.

Some regions exhibited significant logistic fits but 
with negative slopes, including the ACC and PCC. In our 
design, a negative logistic slope indicated that trials with 
larger evoked responses were more likely to correspond 
to failed inhibitions (i.e., errors). The results for the ACC 
are thus of particular interest, given the role of this region 
in predicting the likelihood of making an error (Brown & 
Braver, 2005), in particular, and error processing more 
generally (Dehaene, Posner, & Tucker, 1994; Gehring, 
Goss, Coles, Meyer, & Donchin, 1993). The ACC re-
sults are also consistent with those obtained in previous 
response inhibition studies (Garavan, Ross, Kaufman, & 
Stein, 2003; Hester, Fassbender, & Garavan, 2004; Hester 
et al., 2009; Rubia et al., 2003). The results for the PCC 
are also consistent with the literature reporting error-
related responses during response inhibition (Menon, 
Adleman, White, Glover, & Reiss, 2001) and/or could be 
linked to motivational aspects associated with making an 
error (Maddock, 1999).

We also observed a significant SSD  fMRI interac-
tion in the ACC. On average, the slope corresponding 
to the fMRI amplitude variable was negative in this re-
gion (higher activity predicted unsuccessful inhibition), 
and the relationship between fMRI amplitude and prob-
ability of inhibition changed on the basis of SSD, such 
that it was stronger for higher SSD values than for lower 
ones (see Figure 8A). It is thus possible that activity in 
the ACC was related to the likelihood of making an error 
(Brown & Braver, 2005), because at longer SSD values, 
subjects would have had a greater chance of committing 
an error (since the stop command was encountered “too 
late” for behavioral correction). It is conceivable, how-
ever, that the signals observed in the ACC were related 
to error detection/ correction processes (Dehaene et al., 
1994; Gehring et al., 1993). However, we believe that this 
is a less likely possibility, because errors committed at 
low-SSD trials would have been more salient (because 
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between this region and the right IFG was observed. These 
findings suggest that interactions between the right IFG 
and attentional regions are relatively specific during the 
stop signal task. Finally, coupling between frontoparietal 
regions and the caudate and putamen did not differ as a 
function of behavioral performance; specifically, similar 
correlation values were observed during both SUCC and 
UNSUCC trials.

Evidence that the interactions between frontoparietal 
attentional regions and the right IFG subserve behavior 
during the stop signal task was supported by an additional 
analysis. We reasoned that if responses in attentional re-
gions moderated the impact of the right IFG on behavior, 
the higher the responses in attentional regions, the stron-
ger the link between the right IFG and behavior (i.e., the 
steeper the logistic regression slope). Indeed, this pattern 
was observed when signals from the left IPS were consid-
ered (but not when other attentional regions were consid-
ered). Although analysis based on fMRI signals, naturally, 
cannot be used to imply causality, the observation that no 
correlation was detected when the positions of the left IPS 
and right IFG were swapped in the analysis suggests that 
the roles of the two regions was not completely exchange-
able in our task. In a related fashion, in a recent stop 
signal fMRI study, Duann et al. (2009) reported greater 
functional connectivity between the IFC and presupple-
mentary motor area during SUCC than during  UNSUCC 
trials. Both of these regions are believed to be important 
nodes of the response inhibition network (Chambers et al., 
2009), and our present connectivity analysis complements 
these findings by revealing greater functional coupling 
between inhibition and attentional regions during suc-
cessful response inhibition.

In summary, by employing a trial-based event-related 
design, our study allowed us to quantitatively assess how 
moment-to-moment fluctuations in brain responses were 
associated with the probability of successful performance 
during a stop signal task. Our findings revealed a network 
of brain regions whose response variability was tightly 
coupled with behavioral performance. Among these re-
gions, we observed the right IFG, a region that has been 
consistently implicated in response inhibition. Other nota-
ble regions included the caudate and putamen, bilaterally. 
Our findings thus support the notion that these regions 
are important sites of executive control during response 
inhibition. Furthermore, we investigated how trial-by-trial 
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ingly, the coupling between frontoparietal attentional re-
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sus unsuccessful performance, suggesting that efficacious 
network interactions are important in determining behav-
ioral outcome during the stop signal task. In particular, the 
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moderated by moment-to-moment fluctuations in evoked 
responses in the left IPS.
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