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Dorsal Medial Prefrontal Cortex Plays a Necessary Role in
Rapid Error Prediction in Humans

Mandana Modirrousta and Lesley K. Fellows
Department of Neurology and Neurosurgery, McGill University, Montreal Neurological Institute, Montreal, Quebec, Canada H3A 2B4

Activity in human dorsal anterior cingulate cortex (dACC) is correlated with errors, near-misses, and response conflict. Based on these
observations, this region has been cast as playing a central role in models of error processing, conflict monitoring, and cognitive control.
However, clear evidence that this region of the brain is necessary for these processes has been elusive. We studied the effects of damage to
this region on four different error-related measures in five patients, and 19 healthy participants. Most error-related indices were not
affected by such damage: patients had intact post-error slowing, and were able to report and to correct errors after they were made with
accuracies comparable with the control group. However, all five patients were notably slow to correct errors, suggesting a deficit in on-line
error prediction. This slowing was associated with impairment in the conscious prediction of error likelihood before a response. This
finding constitutes important converging evidence for a critical role for human dACC in error monitoring, and sheds light on the
selectivity and timing of the error-related process affected by dACC damage.
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Introduction
In a setting where action is required, the adaptive solution is to
produce the optimal response at the minimum cost. When the
environment suggests more than one appropriate response and
calls for a fast decision, the challenge is to respond both quickly
and accurately: too slow, and the opportunity may be lost; too
fast, and the wrong response may be selected; too much equivo-
cation, and no response will be produced at all. The neural sys-
tems engaged to solve this problem in the human brain have been
studied extensively using a variety of methods. Functional imag-
ing studies have shown that dorsal anterior cingulate cortex
(dACC) is more active in diverse tasks that involve choosing be-
tween incompatible responses (Ridderinkhof et al., 2004; Carter
and van Veen, 2007; Rushworth et al., 2007). Electrophysiological
studies have identified response conflict-related waveforms that
likely arise from the same region (Yeung et al., 2004), and that
relate to performance adjustment on subsequent trials (Gehring
et al., 1993; Debener et al., 2005). Similar activity has been iden-
tified with both methods in response to errors, which can be
considered as response conflict taken to its extreme (Gehring et
al., 1993; Carter et al., 1998; Ridderinkhof et al., 2004).

Although the specific processes supported by dACC remain a

matter of debate, this body of work certainly suggests a central
role for dACC in cognitive control. It is thus remarkable that it
has been so difficult to show unequivocally that this region is, in
fact, necessary for conflict monitoring or cognitive control in
humans (Swick and Turken, 2002; Fellows and Farah, 2005; Nac-
cache et al., 2005; Baird et al., 2006; Floden and Stuss, 2006; di
Pellegrino et al., 2007; Picton et al., 2007). While response con-
flict is computationally well defined, debate continues as to its
behavioral hallmarks (Mayr et al., 2003; Ullsperger et al., 2005;
Eichele et al., 2008; Verguts and Notebaert, 2008). The lack of a
“gold standard” behavioral measure, in addition to the rarity of
focal damage to dACC, may go some way to explaining the con-
flicting neuropsychological literature to date. Here, we focused
on the potentially simpler phenomenon of outright response er-
rors. We aimed to determine which, if any, components of error
processing are affected by dACC damage in humans. Five pa-
tients with focal damage affecting dorsal mPFC, centered on
dACC, performed versions of a speeded choice reaction time
task, the Eriksen flanker task, designed to permit measurement of
error correction, error reporting, and post-error slowing. Such
damage had subtle, but consistent effects only on the timing of
error correction, suggesting a selective deficit in the within-trial
anticipation of an error. This difficulty with error prediction was
confirmed in a second task, a modified n-back working memory
task which probed participants’ overt confidence in their re-
sponses at the time the responses were made. DACC damage was
associated with a misplaced confidence in responses that were, in
fact, errors. These findings argue that intact dACC is necessary for
the rapid, on-line anticipation of errors.

Materials and Methods
Subjects. Subjects with medial prefrontal cortex (mPFC) damage encom-
passing dACC were identified through the McGill Cognitive Neuro-
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science Research Registry, and the database of the Center for Cognitive
Neuroscience at the University of Pennsylvania. Lesions were secondary
to ischemic stroke in either the anterior cerebral artery or peri-callosal
artery territory, and had occurred at least 6 months before testing (range
6 months–11 years). Individual lesions were traced from the most recent
clinical magnetic resonance imaging onto the standard Montreal Neuro-
logical Institute brain by a neurologist with experience in image analysis
and blind to the behavioral data, using MRIcro software (Rorden and
Brett, 2000). Three patients had lesions limited to the left hemisphere,
centered in pre-genual and dorsal ACC and two patients had bilateral
lesions which involved bilateral mPFC, including dACC, and extending
into bilateral frontopolar and orbitofrontal cortex.

Age- and education-matched control subjects were drawn from a da-
tabase of healthy volunteers recruited from the local Montreal commu-
nity by advertisement. Control participants (CTL; n � 19) were free of
neurologic or psychiatric disease, substance abuse, or closed head injury.
None were taking psychoactive medication, and all scored at least 27/30
on the Montreal Cognitive Assessment (http://www.mocatest.org/). All
participants provided written informed consent, in accordance with the
principles set out in the Declaration of Helsinki and the stipulations of
the local Institutional Review Boards, and received a nominal fee as com-
pensation for their time and effort.

Tasks. Participants completed three versions of the Eriksen flanker
task, each consisting of 400 trials, to measure post-error slowing, error
correction, and error reporting, respectively. A fourth version that in-
cluded a perceptual detection task was included as a control for any dual
task demands of the error detection and reporting versions. All partici-
pants performed the tasks in the same order. In all versions, subjects
viewed a series of 5 arrows on a laptop computer screen (within a rect-
angular fixation frame that remained on the screen), and were instructed
to indicate the direction of the central arrow by pressing the left or right
response key with the index and middle fingers of their preferred hand as
quickly and accurately as possible. An equal number of congruent
(��� �� or  ��) and incongruent (����� or �����) stimuli were
presented, randomly intermixed, in each block of 200 trials. A feedback
screen occurred every 20 trials, providing the mean reaction time (RT)
for those trials, accompanied by written instructions to continue to re-
spond as quickly and accurately as possible. No explicit feedback was
given about accuracy.

The first, “standard,” version required only a single response. The
measure of interest was post-error slowing, i.e., the mean RT of correct
trials that followed error trials, compared with correct trials that followed
correct trials. The second, “error reporting,” version required partici-
pants to push a separate key (with their other hand) on trials in which
they believed they had made an error. The third, “error-correction,”
version had subjects make a second, corrective response by pushing the
alternate response key as quickly as possible, if they believed their first
response was an error. Ten practice trials were provided at the beginning
of each task, and could be repeated if the participant so desired.

Because the focus of these experiments was on error-related processes,
and in keeping with at least one recent study (Vocat et al., 2008), task
parameters were adjusted to ensure approximately comparable error
rates within the mPFC group, and between mPFC and control groups.
Stimulus presentation times and interstimulus intervals (ISIs) thus dif-
fered in the two groups. Controls viewed each stimulus for 100 ms, and
then had 1000 ms in which to respond. This was followed by a blank
screen for 200 ms. An additional 500 ms was added to the response
window in the “error detection” blocks, and 1000 ms in the error report-
ing blocks, to allow adequate time to record the second response, if
appropriate. These parameters resulted in an error rate of �8%, on
average.

All five patients required adjustments in task timing to perform at
levels of accuracy that were comparable with controls. Stimuli were pre-
sented for 250 ms, and the ISI was increased to 800 ms. The response
window was adjusted for each individual, based on their performance of
a simple RT task (completed as part of a separate experiment, on a prior
occasion), and in a few cases, further adjusted after the first block of the
standard flanker task. Response deadlines varied between 1000 and 2000
ms across the three versions of the task. One patient, who had suffered

extensive bilateral medial frontal, frontopolar, and orbitofrontal dam-
age, had difficulty following the instructions for the flanker tasks, re-
quired extra practice to learn both the standard and error correction
version of the task, and was unable to carry out the error reporting
version, despite additional practice.

We wanted to ensure that any deficits in error monitoring did not
reflect general difficulties with dual task performance, and so included a
control version of the standard Eriksen flanker task paired with a second,
“perceptual reporting” task. In this control task, subjects performed the
flanker task, but were instructed to press a separate key, immediately after
the flanker response, if they had detected that the frame around the
arrows had blinked during the trial. The duration of stimulus presenta-
tion, the ISI, and the response deadlines in this task were identical to
those of the error reporting task for controls and for each patient. The
frame blinked for 15 ms in a randomly selected 20% of trials, with the
blink occurring within a 350 – 450 ms time window after the onset of the
arrow display.

In a second experiment, all five patients and 10 of the control partici-
pants performed a modified version of a letter two-back task that pro-
vided an explicit measure of on-line error likelihood at the time of the
response. Subjects viewed a series of letters, presented one at a time, and
pressed one of two keys each time the letter shown was the same as the
letter shown 2 trials before. They were instructed to press one key to
indicate that they were “certain” the stimulus was a target and a second
key if they were “somewhat certain.” If they thought the stimulus was not
a target, they made no response. There were 20 targets in a total of 120
trials, so most trials did not require a response. Our previous work with a
standard, single response form of this 2-back task had shown that pa-
tients with mPFC damage were more likely to make errors of commission
(Tsuchida and Fellows, 2008). This variant allowed us to measure
whether they were able to estimate the likelihood that a given response
was an error at the time of the response.

Results
Figure 1 shows lesion extent and overlap for all five patients.
Damage was bilateral in two patients, and affected only left dorsal
mPFC in 3. The common area damaged in all 5 subjects included
dorsal and pre-genual ACC. Nineteen age- and education-
matched healthy control subjects were recruited from the com-
munity. Demographic information is summarized in Table 1.
There was no significant difference between the groups with re-
gard to age (t � �0.07; p � 0.05), education (t � �1.25, p �
0.05), or IQ estimated by the American version of the National
Adult Reading Test (ANART) (t � 1.65, p � 0.05).

Subjects completed three versions of the Eriksen flanker task,
each probing a (potentially) different aspect of error processing.
No explicit accuracy feedback was provided during any of these
versions. Because the focus was on error-related processes, task
difficulty was adjusted by varying stimulus presentation and re-
sponse windows so that patients and controls had comparable
error rates (�8% in the standard task). In the standard version of
the task, patients were on average slower, and showed a larger
flanker effect (i.e., slowing was more marked for incongruent
than congruent trials) (Table 2). These effects varied across pa-
tients, however. Only 2 of 5 showed slowing on incongruent trials
that was �1.5 SD from the control mean, and only 3 of 5 had
flanker effects that were �1.5 SD from the control mean, arguing
that flanker performance per se is not necessarily disrupted by
mPFC damage.

We first examined the effect of an error on performance on the
subsequent trial: the mPFC group had intact post-error slowing,
of similar magnitude to the post-error slowing seen in the control
group (ANOVA; effect of trial type F(1,22) � 8.0, p � 0.01; no
significant group � trial type interaction). The mean (SD) RT of
correct trials following errors was 640 (186) ms, and of correct
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trials following correct trials was 586 (194) ms in the mPFC group
[CTL post-error RT: 490 (94) ms, post-correct RT: 466 (69) ms].

In a second version of the flanker task, participants were re-
quired to report that an error had been made by pressing a sepa-
rate key with the other hand after error commission. One patient
with extensive damage beyond dorsal mPFC was unable to per-
form this version of the task, a difficulty that seemed to be related
to problems understanding the instructions. In the other four
patients, dorsal mPFC damage did not significantly interfere with
the ability to report errors in this way: both groups reported a
similar proportion of error trials as errors [mPFC: 43 (24) %;
CTL: 64 (25); t(21) � 1.49, p � 0.05], and did so with a similar RT
[mPFC: 776 (279), CTL: 627 (153); t(21) � �1.7, p � 0.05]. These
findings are summarized in Figure 2. Seven subjects in the control
group and two patients also reported at least one correct response
as an error; the frequency of such “false error reports” did not
differ between groups (Fisher’s exact test, p � 0.05).

A third version of the flanker task required participants to
correct any errors, by pressing the alternate response key as
quickly as possible. The mPFC group (including all five patients)
and the CTL group were again equally able to recognize errors
after they had been made, correcting [mean (SD)] 66 (36) % and
68 (28) % of error trials, respectively (t(22) � 0.14, p � 0.05). Prior
work has shown that such error correction is relatively rapid,
typically occurring in 200 –250 ms (Rabbitt, 1966). The control
group confirmed this pattern, correcting errors 223 (78) ms after
the error response, on average. Despite the normal rate of error

correction in the mPFC group, these patients were notably slow
to make the corrective response: mean RT 709 (458) ms (signif-
icantly slower than CTL; t(22) � �4.65, p � 0.001) (Fig. 2). Im-
portantly, the slowing of error correction RT was evident in the
individual performance of all five mPFC patients: the fastest pa-
tient had an error correction RT that was 1.43 SD from the con-
trol mean, and the remaining four were �1.9 SD from the mean.
This is not an artifact of overall slowing in these patients. The
same pattern holds whether the results are analyzed in absolute
terms, or expressed as a proportion of each individual’s RT on the
standard version of the flanker task. The within-subject analysis
(limited to the four patients who completed both tasks) confirms
this finding: there are significant main effects of group (F(1,21) �
9.7, p � 0.01) and of task (F(1,21) � 73, p � 0.001), indicating that

Figure 1. Lesion location and overlap for the mPFC group, shown on axial slices of the standard Montreal Neurological Institute brain oriented according to radiological convention (i.e., left is
right), and on a three-dimensional reconstruction cut away to show the left medial frontal lobe. Pink indicates regions damaged in one subject; blue, in two subjects; green, in three subjects; yellow,
in four subjects; and red, the common area affected in all five subjects.

Table 1. Demographic information �mean (SD)�

Group Age Education (years) Sex (F/M) ANART IQ estimate

CTL (n � 19) 58.74 (12.6) 12.32 (2.4) 12/7 122.4 (7.7)
mPFC (n � 5) 59.2 (15.1) 13.8 (2.2) 2/3 116.2 (5.4)

F, Female; M, male.

Table 2. Flanker task performance

Group RT (c) (ms) RT (ic) (ms) Errors (c) (%) Errors (%)

CTL (n � 19) 454.2 (67.8) 480.1 (74.9) 2.9 (4.7) 5.3 (4.6)
mPFC (n � 5) 542.1 (152.6) 649.6 (257.5) 1.4 (1.2) 6.7 (2.5)

c, Congruent trials; ic, incongruent trials.

Figure 2. Reaction times for error reporting and error correction in the Eriksen flanker task.
Response times were, in general, slower for the mPFC group. The time to report and correct
errors is shown here normalized to the choice RT in the standard Eriksen flanker task for each
subject. Statistical effects were similar regardless of whether normalized or absolute RTs were
tested. The asterisk indicates significantly slower error correction RT in those with mPFC dam-
age compared to controls, p � 0.05.
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the patient group was overall slower, and that error correction
was faster than error reporting, as expected. Critically, the inter-
action between task and group is also significant (F(1,21) � 5.2,
p � 0.05), reflecting the disproportionate slowing of error cor-
rection compared with error reporting in those with mPFC
damage.

A priori, we considered the possibility that impaired error
reporting or correction might reflect a nonspecific difficulty per-
forming what could be considered a dual task. We therefore in-
cluded a control task that combined the flanker task with a re-
quirement to report a brief perceptual event (a 15 ms blink of the
fixation frame occurring 350 – 450 ms after the onset of the
flanker arrow stimuli, on 20% of trials), by pressing a separate key
with the other hand after the flanker task response was made.
Both groups were similarly able to signal the occurrence of this
perceptual event, with controls reporting it on 81 (21) % and the
mPFC group 81 (8) % of occurrences. The RT to report the blink
was also comparable in the two groups [CTL: 969 (230) ms;
dACC: 994 (420) ms; the same patient who could not complete
the error reporting task did not perform this task, due to testing
session time limitations].

Several studies have indicated that the error-related negativity
(ERN) may reflect an “automatic” aspect of error processing, not
necessarily related to conscious error detection (Scheffers et al.,
1996; Nieuwenhuis et al., 2001). Our finding that mPFC damage
disrupts rapid error correction without affecting conscious re-
porting of errors after they occur is consistent with the findings
from these ERP studies, but leaves open whether rapid error pre-
diction is a purely automatic process. The speeded nature of the
flanker task makes it difficult to probe pre-response events that
might be available to awareness. We therefore undertook a sec-
ond experiment to examine this question, using a task that al-
lowed measurement of conscious “error likelihood” at the time of
the response.

All five patients, and a subset of the control group (N � 10)
performed an adapted form of the letter two-back task. This task
had a go-no go response requirement: a key was to be pressed
only if the letter on the screen was a target (i.e., had been pre-
sented two trials previously); no response was made if the stim-
ulus was a non-target. We adapted this standard task to tap on-
line monitoring of error likelihood (i.e., confidence), by asking
subjects to press one of two keys when a target appeared: one key
to indicate that they were certain that the stimulus was a target,
and another if they were somewhat certain. No explicit feedback
about accuracy was provided. The analysis focused on the level of
confidence expressed in this way for correct responses, and for
errors of commission.

We have previously reported that patients with dorsal mPFC
damage make significantly more errors of commission in the
standard version of this task, whether compared with healthy
controls, or to patients with damage to other sectors of the frontal
lobe (Tsuchida and Fellows, 2008). In that study, the false alarm
rate was �10-fold higher in those with dorsal mPFC damage
compared with healthy control subjects, and voxel-based lesion-
symptom mapping established that false alarms were statistically
more likely in those with damage to voxels within dorsal ACC
compared with damage elsewhere in the frontal lobes. Here, we
confirmed that finding at the group level: the mPFC patients
made an average of 16.4 (17.1) commission errors, compared
with 0.9 (1.4) in the control group (t(13) � 2.46, p � 0.05). There
was no significant difference in the number of errors of omission
[mPFC: 2.8 (3.8); CTL: 2.6 (3.3)].

The two groups did not differ significantly in their level of

confidence for correct go responses; the proportion of correct
responses coded as certain was 93 (11) % in the control group,
and 82 (16) % in the mPFC group (Fisher’s exact test, p � 0.05).
On an individual level, only three patients and four controls
made at least two errors of commission. In this subset, there was
a significant difference in the level of confidence that a response
was correct when it was, in fact, an error of commission. Healthy
controls indicated that they were only somewhat certain on 70%
of error trials (compared with 15% of correct trials), whereas
those with mPFC damage did so on only 14% of such trials (com-
pared with 17% of correct trials) (Fisher’s exact test, p � 0.01).

Discussion
An extensive functional imaging literature argues for a central
role for dACC in cognitive control. This role has been variously
cast as monitoring response conflict (Botvinick et al., 2001), act-
ing as a response comparator (Ullsperger et al., 2005), detecting
errors (Holroyd et al., 2005), predicting error likelihood (Brown
and Braver, 2005), engaging attention to overcome prepotent
response tendencies (Pardo et al., 1990; Posner and DiGirolamo,
1998; Peterson et al., 1999), or representing action-outcome con-
tingencies (Rushworth et al., 2004; Williams et al., 2004; Rush-
worth et al., 2007). Several of these accounts have been formal-
ized in computational models (Botvinick et al., 2001; Brown and
Braver, 2005, 2008; Holroyd et al., 2005). In this increasingly
tightly specified area of investigation, built on extensive evidence
from both functional imaging and electrophysiology experi-
ments, the absence of unequivocal loss-of-function evidence in
support of any of these hypotheses has been troubling. The
present study focused on error-related processes, and provides
evidence that dorsal mPFC is necessary for rapid error prediction.

These findings argue that there are multiple routes to recog-
nizing that an error has occurred. Dorsal mPFC appears to be
critical only for the rapid, on-line identification of an error, be-
fore (or during) its occurrence. Reporting of an error after it had
occurred, over a time course that is consistent with registering the
error after the motor response had been produced, remained
intact despite dorsal mPFC damage. Early behavioral work estab-
lished that error correction in choice reaction time tasks occurs
more rapidly than the choice reaction time itself, and in some
paradigms, is also more rapid than the simple reaction time (Rab-
bitt, 1966; Angel, 1976). This form of rapid error correction is
therefore thought to rely on monitoring of an efference copy of
the on-going response. The most intensively studied error-
related ERP component, the ERN, peaks within 100 ms of the
motor response, and likely arises from dorsal ACC (Dehaene et
al., 1994; Herrmann et al., 2004; Vocat et al., 2008). The time
course of the ERN also suggests that it relies on monitoring of an
efference copy of the motor plan, rather than sensory feedback
(Gehring et al., 1993). The present findings support the existence
of a distinct error monitoring process relying on efference copy,
and provide strong evidence that a region within dorsal mPFC,
most likely dorsal ACC, plays a necessary role in this process,
either at the point of error detection, or in permitting a rapid
corrective response.

The findings from the modified n-back task further suggest
that this region is necessary for the conscious evaluation of error
likelihood. Thus, mPFC seems to play a critical role in the within-
trial modulation of a response by the likelihood that response is
an error, a process that has an effect on the readiness to produce
the alternate response, and a “conscious” correlate reflected in
the overt confidence in the response. These findings together are
strongly supported by a functional magnetic resonance imaging
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(fMRI) study which aimed to disentangle conscious, pre-error
performance monitoring from the processes involved in error
commission (Magno et al., 2006). The task used in that study
allowed subjects to avoid errors by rejecting trials they thought
they might fail. Dorsal ACC activity was greater for such “reject”
trials, compared with trials in which an error was made. This was
interpreted as supporting a role for dACC in “on-line adjustment
of behavior to prevent errors” (Mango et al., 2006). Our results
indicate that dorsal mPFC plays a necessary role in such a process.

The data presented here do not speak to whether the pre-
response processes mediated by dorsal mPFC are engaged only
during error trials, or are present during trials with response
competition more generally, although both ERP and fMRI stud-
ies suggest the latter (Carter et al., 1998; Botvinick et al., 1999;
Van Veen and Carter, 2002). The tendency for those with mPFC
damage to have larger flanker effects could be interpreted as re-
flecting difficulty resolving response conflict even on correct tri-
als. However, in this particular study, this effect should be inter-
preted with caution, given that task parameters were not identical
across patients, or between the patient and control groups. Fur-
ther, it is striking that although all five patients showed slowing of
error correction, the size of the flanker effect was more variable,
falling well within the normal range in two of five patients.

In general agreement with the current findings, a previous
case report of a patient with a very circumscribed lesion to dACC
reported a small, but significant decrement in the rate of error
correction in a Stroop variant, with intact post-error slowing
(Swick and Turken, 2002). Reaction times for error corrections
were not reported, however.

The single dACC-damaged patient reported by Swick and
Turken had intact conflict monitoring effects in the Stroop task,
despite reduced error correction, further suggesting that error
and conflict monitoring do not share a reliance on intact mPFC
(Swick and Turken, 2002). At the group level, the current find-
ings, in conjunction with a prior study showing intact conflict
monitoring in the Stroop task in a partly overlapping group of
patients (Fellows and Farah, 2005) (three patients participated in
both studies), also argue for a distinction between error predic-
tion and conflict monitoring, with dorsal mPFC necessary only
for the former. However, it may be that the usual behavioral
measures of conflict monitoring are more sensitive to post-
conflict adjustments (which the present data suggest are likely to
be intact despite mPFC damage) rather than on the within-trial
anticipation of conflict that would be the direct homolog of the
error effects we report here.

Interestingly, a recent group study found that sequential (i.e.,
trial-by-trial) congruency effects in the Simon task were not reli-
ably present after ACC damage (di Pellegrino et al., 2007). These
patients also failed to show consistent post-error slowing. In con-
trast to flanker and Stroop tasks, where cognitive control is likely
exerted via selective attention to the relevant stimulus feature
(and in turn its associated response), the Simon task more di-
rectly taps conflict at the response level (Liu et al., 2004). This
distinction, perhaps in addition to differences in precise lesion
location (the explanation advanced by di Pellegrino et al.), may
be important in reconciling these conflicting findings.

Although several of the patients we studied here had quite
extensive mPFC (and in two cases, orbitofrontal cortex) damage,
the common area of overlap encompasses dACC, making this
region the most likely driver of the slowed error correction that
was present in all five patients. Nonetheless, we cannot entirely
exclude the possibility that direct damage to, or disruption of
connections with nearby regions, including rostral ACC and pre-

supplementary motor areas, or indeed disruption of longer range
connections, such as via the cingulum bundle or the genu of the
corpus callosum, contributes to the effect.

Other recent work has argued for a more nuanced view of
dACC’s role in response monitoring, one that can account for a
putative role for this region in action-outcome learning and re-
lated value-related decisions. Our findings indicate that this re-
gion is critical for the prediction of response errors, specifically.
Further work will be required to determine whether this general-
izes to a necessary role in the prediction of the relative value of
actions more generally, in contexts where responses have a
graded value, rather than being dichotomously “right” or
“wrong.” Other lines of evidence support this possibility (Ge-
hring and Willoughby, 2002; Rushworth et al., 2004; Quilodran
et al., 2008), and one study of the effects of cingulotomy found an
increase in errors when response selection was guided by a reduc-
tion in reward (Williams et al., 2004). Furthermore, we cannot
speak to whether this region is necessary for learning from errors,
except to note that one potential index of trial-to-trial adjust-
ment, post-error slowing, was intact despite mPFC damage.

This demonstration of a critical role for dorsal mPFC in only
one of several measured error-related processes highlights an im-
portant point. Error-related processes are obviously critically im-
portant to adaptive behavior, and it seems highly likely that there
are multiple neural systems that encode error-related informa-
tion. Such duplication might compensate for lesion effects, as was
demonstrated by the apparent use of “error detection” mecha-
nisms to both report and correct errors after mPFC damage in
patients studied here. Deployment of particular error and
conflict-related processes appears to differ across individuals,
and across task demands (Garavan et al., 2002; Hester et al., 2005;
Brown and Braver, 2007). Behavioral measures that focus on the
timing of these processes may be helpful in understanding these
different mechanisms.

Just as there are likely multiple neural systems involved in
error processing, a given neural circuit might be engaged by error
prediction in a specific response domain, or serve a more general
performance monitoring role across different response types. We
recently evaluated memory monitoring in the same five patients
studied here in a separate set of experiments. Interestingly, they
showed clear deficits in only the prospective, within-trial ability
to predict episodic memory performance, as captured by the ac-
curacy of a “feeling-of-knowing” measure (Modirrousta and Fel-
lows, 2008). This supports a more general error likelihood ac-
count of dorsal mPFC function, consistent with fMRI findings
(De Martino et al., 2006; Magno et al., 2006; Paulus and Frank,
2006; Brown and Braver, 2007), but also helps to pinpoint the
timing of the critical contribution of this region to such monitor-
ing as within-trial and before the response.

In summary, damage involving dorsal mPFC in humans se-
lectively disrupted anticipatory error monitoring, reflected in the
speed of error correction and the conscious prediction of errors,
while sparing post-response error reporting, and performance
adjustment on post-error trials. This result provides important
converging evidence for error prediction accounts of the function
of this brain region.
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