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was attributed to activity in medial frontal cortex. Previous
Manager
studies have identified a similar negative deflection in the ERP
that occurs following incorrect responses in speeded reaction time tasks (1, 2) and following feedback
stimuli that indicate incorrect performance (3). Both of these response and feedback "error-related
negativities" (ERNs) were thought to be produced in medial frontal cortex by a mechanism for error
detection (1-3). As Gehring and Willoughby note, the MFN and the feedback-related ERN share
identical scalp distributions and latencies, suggesting that they are the same phenomenon. Importantly,
however, Gehring and Willoughby emphasize that the MFN/feedback ERN is sensitive to the
"utilitarian" (gain or loss) value of feedback, rather than to the "performance" (correct or incorrect)
value of feedback. In so doing, they dissociate that component from the response-related ERN and its
associated function, error detection.
We have proposed a unifying theory that explains the response- and feedback-related ERNs in terms of
a single neural mechanism for reward prediction (4-7). This theory renders the distinction between
utilitarian and performance feedback artificial by highlighting a shared functional property: the
reinforcement of adaptive behavior. Our argument holds that both types of ERN are elicited by the
impact of phasic activity of mesencephalic dopamine neurons--a system associated with the
computation of utility--on medial frontal cortex. This phasic signal, representing changes in expected
reward, is used by medial frontal cortex to select behaviors that elicit reward. Application of a
reinforcement learning algorithm previously used to describe phasic dopamine activity (8) predicts an
inverse relationship between the amplitudes of the response and feedback ERNs (4-7). This result is
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what we find empirically (6, 7).
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We thank Holroyd, Coles, and Nieuwenhuis for suggesting that their computational model of the errorrelated negativity (ERN) (1) predicts the response of the medial-frontal negativity (MFN) to monetary
losses (2). Their model is an important exploration of the role that phasic changes in dopaminergic
activity could play in generating event-related potential responses to motivationally significant events
such as errors and monetary losses.
We respectfully disagree, however, with a few of their points. First, the MFN and the feedback- and
response-related ERNs do not share identical scalp distributions (although they are similar), and thus
they should not be considered identical phenomena. The feedback- and response-related ERNs have
more posterior scalp foci than the MFN (1, 3, 4), and even the two types of ERN differ in their cortical
origins (5). It is unlikely that a single cortical source (and single computation) accounts for all of these
phenomena. If a common source contributes to the ERNs and the MFN, it is likely that other concurrent,
overlapping sources also make differential contributions in each case (5).
Moreover, evidence suggests that the distinction between utilitarian and performance feedback is not
artificial. There are a number of ways in which an event can be motivationally relevant (6), and different
cortical systems may code for different motivational attributes of an event (7). In particular,
neurophysiological evidence supports the distinction between the absolute status of a reward as a gain or
a loss and its status relative to other alternatives. Some reward-sensitive neurons in the orbitofrontal
cortex do not code the absolute desirability of a reward, but, instead, its desirability relative to other
alternatives in a particular context (8). Numerous behavioral studies of human decision-making have
demonstrated that utilities are affected by a comparison between the obtained outcome and unobtained
alternatives (9).
Finally, because the Holroyd et al. model does not distinguish between utilitarian and performance
feedback, it is unclear whether the model necessarily predicts our results. The model could do so, but it
could just as plausibly predict outcomes contrary to our results, such as an error signal sensitive to the
value of the chosen response relative to that of the response that was not chosen. For this reason, our
data do not support the model in its current form. Further testing of the model will require its
assumptions to be constrained more definitively.
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