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Anterior cingulate and 
prefrontal cortex: who’s in 
control? 
Jonathan D. Cohen, Matthew Botvinick and Cameron S. Carter 

A sophisticated study of error-related brain potentials in patients 
with prefrontal lesions addresses how we monitor performance 
and adjust cognitive control based on task demands. 

ated with commission of errors in cog­
nitive tasks. The proposed localization 
of this signal to midline frontal struc­
tures, particularly anterior cingulate 
cortex (ACC), is supported by neu­
roimaging6. However, the precise mon­
itoring function responsible for this 
signal is still unclear. Is it caused by 
error itself, or by processing conflicts 
that produce uncertainty and predispose 
to error? Nor is it clear how such moni­
toring functions relate to mechanisms 
for executing control (response correc­
tion or the response slowing that fre­
quently follows errors). 

Gehring and Knight’s study3 is an 
admirable example of how sophisticated 
behavioral design combined with indices 
of brain function in brain-damaged 
patients can provide insights into the 
neural basis of cognitive function. In 
their task, subjects saw two letters, one 
red and one green. They were cued to 
respond only to one color (say, the red 
letter) and asked to decide whether this 
was an H or an S. They responded by 
squeezing one of two hand grips (one for 
H and another for S) that measured the 
response force and could also detect any 
effort to correct errors. Sometimes both 
letters were the same (red H, green H), 
so that the irrelevant letter did not offer 
any distraction, and sometimes they were 
different (red H, green S). On such 
‘incongruent’ trials, subjects had to 
ignore the distracting letter while 
responding to the correct one. This task 
is similar in critical respects to more 
familiar response competition tasks (like 

Cognitive control, the ability to guide 
thought and action in accord with inter­
nal intentions, lies at the heart of most 
higher mental faculties that make us 
human, such as planning, reasoning, 
problem solving and language. Pre­
frontal cortex (PFC) is critically involved 
in the control of behavior. What is less 
clear are the structures (possibly includ­
ing PFC) that are involved in monitor­
ing performance and deciding how and 
when to allocate control—that is, deter­
mining when a goal is not being satis-
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factorily met and deciding to devote 
more effort to it. Such a function is 
needed because cognitive control has 
limited capacity, which is painfully obvi­
ous to anyone who has tried to talk on 
the phone while reading e-mail. In this 
situation, you soon lose track of the con­
versation, and once you recognize this 
(monitoring function), you give up on 
the computer and redirect attention to 
the phone (allocation function)— 
assuming you are sufficiently interested 
or polite! The existence of such process­
es has long been recognized in both 
empirical work1 and cognitive theory2, 
but little research has focused on the 
brain mechanisms involved. 

In this issue, Gehring and Knight3 

have addressed this question in patients 
with dorsolateral PFC damage by study­
ing the error-related negativity (ERN)4,5. 
This electrical scalp potential, the first 
identified neurobiological index of per­
formance monitoring, is closely associ­
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the Stroop task). All such tasks engage 
cognitive control by requiring selective 
attention to the relevant stimulus (or 
stimulus dimension—in this case, its 
color). 

Such control is rarely perfect, so dis­
tracting stimuli usually influence pro­
cessing. This is evidenced by an 
‘interference effect’. On incongruent tri­
als, subjects tend to respond more slow­
ly and/or make more errors (responding 
to irrelevant stimuli). They also make 
strategic adjustments based on their own 
behavior and on stimulus types. Subjects 
sometimes quickly correct an error. They 
also typically adopt a more conservative 
strategy to increase accuracy after an 
error by slowing their responses. Final­
ly, they adjust to the occurrence of 
incongruent trials, whether they make 
an error or not, by increasing attentive­
ness on subsequent trials7 or during 
extended blocks of incongruent trials8, 
as shown by decreased interference 
effects under such conditions. Such 
adjustments indicate that subjects active-

Fig. 1. Model of task used by Conflict Monitoring 

Gehring and Knight. Components 
related to performance of the 
basic task are in purple, and com­
ponents related to control are in 
blue. Stimuli are coded by fea-
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features. Representations within 
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(that is, they compete, as desig­
nated by looped connections with 
filled circles). Note that this 
model is homologous to well-
studied models of other response 
competition tasks, such as the 
Stroop task (see ref. 15), except 
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that there is no asymmetry 
between task-relevant and -irrelevant dimensions of processing. This model also adds a more fully 
specified control system, including a layer that responds to conflict (co-activation) of response units 
(ACC). This drives a neuromodulatory system (locus coeruleus, LC) that increases responsivity of 
processing units globally (for instance by a change in gain, designated by connections with squares). 
This modulates selective attention by its influence on representations of specific task demands 
(PFC) as well as motor preparation by its influence on response units. 

ly monitor their performance and use 
this information to adjust cognitive con­
trol allocated to the task. 

To study how such monitoring func­
tions (presumably reflected in the ERN) 
relate to the execution of control 
(indexed by behavior), Gehring and 
Knight recorded the ERN during task 
performance in patients with dorsolat­
eral PFC damage. This provides a unique 
opportunity to determine which para­
meters are affected by such damage, thus 
permitting inferences about PFC’s role 
in monitoring, the execution of control 
or both. The study of brain-damaged 
patients is particularly valuable, as it 
complements correlative neuroimaging 
methods with the opportunity to estab­
lish causal relationships. Such method­
ological advances are especially 
important in the study of performance 
monitoring, long the neglected stepchild 
of research on cognitive control. 

Gehring and Knight found that 
patients committed approximately as 
many errors as control subjects, and the 
ERN associated with these responses was 
of comparable magnitude3. Thus the 
authors conclude appropriately that PFC 
does not itself generate the ERN. Frontal­
ly damaged patients also exhibited more 
forceful errors and diminished error cor­
rection, suggesting to the authors that 
monitoring capacity may be intact in 
patients, but their capacity for control is 
impaired. Nevertheless, Gehring and 
Knight conclude that simple models of 

interaction between PFC and ACC can­
not explain their data. However, we sup­
port another interpretation, also 
considered by the authors: that PFC 
lesions allow multiple competing 
response representations to become 
active, and ACC detects the resulting 
response conflict. In this view, PFC exerts 
control by representing task demands 
(for example, target stimuli or relevant 
stimulus dimension). These representa­
tions favor the processing of task-rele-
vant information, allowing it to 
competitively suppress irrelevant infor­
mation activated by incongruent dis-
tractors, and thus reduce response 
conflict. Damage to PFC would weaken 
task representations, and thus increase 
conflict, even on correct trials. If the ERN 
reflects ACC response to such conflict, it 
should be present in correct trials for 
patients, as the authors observed. This 
interpretation is consistent with both 
fMRI results6,9,10 (A.W. MacDonald, 
J.D.C., V.A. Stenger & C.S.C., unpub­
lished observations) and computational 
modeling of the control and monitoring 
mechanisms involved (Fig. 1). 

One might ask, however, what leads 
Gehring and Knight to suggest that a 
more complex model is required. They 
argue that if information flows only 
from ACC to PFC, then PFC damage 
should not affect the ERN, contrary to 
their data. However, this is not neces­

sarily so. As just discussed, PFC damage 
could produce a larger ERN on correct 
trials by reducing control, and thus 
increasing conflict, on such trials. 
Another point, of greater concern, has 
to do with the pattern of corrective 
actions observed: increased force of 
error responses, reduction of error cor­
rections, but intact post-error slowing. 
If PFC alone is responsible for control, 
then why does damage impair some 
forms of corrective action but not oth­
ers? One answer may be that there are 
multiple forms of control, only one of 
which depends on PFC. Specifically, if 
error corrections and response force 
reflect one form of control (selective), 
whereas post-error slowing represents 
another (general preparatory), then PFC 
damage could impair the first type but 
not the second. 

The form of control considered so far 
involves selective attention, which favors 
processing of a particular task-relevant 
stimulus type or dimension. Several the­
orists argue that such control is a cardi­
nal function of PFC11,12, and recent 
evidence from neuroimaging studies sup­
ports this view (for example, A.W. Mac­
Donald, J.D.C., V.A. Stenger & C.S.C., 
unpublished observations; M. Banich et 
al., Soc. Neurosci. Abstr. 25, 2167, 1999). 
Disturbing this form of PFC-dependent 
control can explain both increased error 
response force and diminished correc­
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tions in frontally damaged patients. As 
noted above, the primary function of 
such control is to favor the processing of 
task-relevant information, and allow it 
to competitively suppress processing of 
distracting information. Thus, a distur­
bance in this mechanism permits 
stronger processing of distractors. Insofar 
as this is an important source of errors, 
these should be executed with greater 
force. The reduction in the number of 
error corrections can be explained simi­
larly, as the likelihood for such correc­
tion is closely (and inversely) related to 
the strength of the competing process 
that led to the error. Note that a failure 
in PFC-dependent control should 
increase interference effects for incon­
gruent stimuli, as has been observed in 
patients with frontal disturbances11,12. 
Similarly, we would predict that these 
patients should fail to show sequential 
adjustment effects (that is, increases in 
selective attention) following incongru­
ent trials. It would be interesting to know 
whether these effects occurred in the 
Gehring and Knight study3. 

The preservation of post-error slow­
ing in frontally damaged patients may be 
explained by assuming that it reflects the 
operation of a different form of control, 
independent of dorsolateral PFC. 
Although this view may seem unparsi­
monious, it is not ad hoc. Most observa­
tions of post-error slowing are reported 
in tasks that do not rely heavily on selec­
tive attention (that is, no distractors are 
presented, so increasing selective atten­
tion is not advantageous). Furthermore, 
the overall slowing of responses is not 
itself particularly selective. These con­
siderations suggest that post-error slow­
ing may be mediated by an effect on 
response preparation (for example, 
decreased response threshold) that does 
not depend on PFC, perhaps mediated 
by direct input from ACC to motor 
preparation areas. An intriguing alterna­
tive is that both PFC-mediated effects 
and response preparation effects may be 
mediated by a common brainstem neu­
romodulatory system that increases sys­
tem responsivity globally (for instance, 
the gain of processing units in all parts 
of the network) as conflict in a task 
increases. Engaging this system would 
simultaneously heighten selective atten­
tion by augmenting activated represen­
tations in PFC, as well as motor 
preparation by doing so in response 
areas. We have proposed that the nora­
drenergic brainstem nucleus locus 
coeruleus (LC) may provide such a 

mechanism13, a hypothesis with some 
empirical support14. Here we speculate 
that this LC system responds to ACC 
conflict detection (Fig. 1). This model is 
consistent with Gehring’s and Knight’s 
results, as PFC lesions would disrupt the 
system’s ability to respond with adjust­
ments in selective forms of control, but 
would preserve more general forms such 
as motor preparation (as evidenced by 
post-error slowing). 

In our view, then, the same ACC 
response to conflict could drive two dif­
ferent but parallel pathways of control: 
one involving the PFC that increases 
selective attention (when this is useful), 
and another that is PFC independent and 
affects response preparation more direct­
ly. We have explored the plausibility of 
this hypothesis using neural network 
models of several cognitive tasks13 

(M.M.B., T.S. Braver, C.S.C., D.M. Barch 
& J.D.C., unpublished observations). 

However, Gehring and Knight’s find­
ings present an important challenge for 
this account. If response adjustments are 
driven by conflict detection, as indexed 
by the ERN, and in patients this is equiv­
alent in magnitude for errors and cor­
rect trials, then why do they show 
adjustment effects selectively following 
errors? This is particularly puzzling in 
light of prior evidence linking perfor­
mance slowing directly to the ERN4. 
There are several possible explanations 
of this finding. As the authors note, 
post-error slowing may result in part 
from the persistence of problems that 
caused the error. This may be a particu­
larly problematic confound in patients. 

Another important factor may be the 
heterogeneity of error trials, which are 
often composed of very fast responses 
and much slower ones. If this mix is dif­
ferent in patients—perhaps with a 
greater proportion of faster responses 
(consistent with the greater response 
force for errors), then the ERN (a 
response-averaged signal) to errors may 
have been artifactually blunted in con­
trast to correct trials. Selective averaging 
based on reaction time might reveal a 
larger ERN for error trials among 
patients than was reported, consistent 
with adjustments in performance on 
subsequent trials. In any event, it is clear 
that the relationship of the ERN to sub­
sequent adjustments in performance 
warrants more detailed examination, 
both in empirical studies, and in com­
putational models developed for normal 
function that can be used to explore the 
effects of damage. 

In summary, the results of Gehring 
and Knight3 may be explained by the pos­
sibility of two pathways for control, both 
of which respond to ACC conflict detec­
tion and are mediated by neuromodula­
tory systems, but one of which is further 
mediated by PFC and has a more selective 
influence on task demands, while the 
other has a more general preparatory 
function. This account makes some inter­
esting predictions (for instance, regarding 
effects of frontal damage on congruency 
effects, corresponding sequential adjust­
ment effects and their relationship to the 
ERN). However, it also faces some inter­
esting challenges that warrant further 
investigation. Whether this simple 
account of the division of labor between 
PFC and ACC prevails or, as suggested by 
Gehring and Knight, more complex inter­
actions occur, the authors are to be com­
mended for their elegant and provocative 
study of the neural mechanisms underly­
ing monitoring and execution compo­
nents of cognitive control. We laud 
Gehring and Knight for their work, and 
will continue to monitor with great inter­
est the execution of their efforts in this 
exciting area of research that beckons for 
greater allocation of attention. 
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