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Abstract: We recently demonstrated that the feedback negativity may be better understood as a
reward-related positivity that is absent on nonreward trials, and source localization revealed that this
reward response may reflect activity in the striatum. In a commentary on our report, Cohen et al.
argue against this latter finding, claiming it is unlikely that the striatum contributes to the scalp-
recorded event-related potential. We disagree with the line of reasoning presented by Cohen et al.,
and we respond here to each of their points. Based on all the available evidence, we argue that the
striatum is a plausible generator of a reward-related response observed at the scalp, and this possibil-
ity warrants further investigation. Hum Brain Mapp 32:2267–2269, 2011. VC 2011 Wiley Periodicals, Inc.
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INTRODUCTION

In a recent report, we used temporospatial principal
components analysis (PCA) to parse the event-related
potential (ERP) response to feedback indicating monetary
gains and losses (Foti et al., 2011). The primary finding of
this study was that the feedback negativity (FN) may be
better understood as a reward-related positivity that is
absent on nonreward trials. In other words, the apparent
negative deflection in the ERP waveform actually reflects
the absence of gain-related neural activity involved in
reward processing. In fact, recent work from other labora-
tories has converged upon a similar conclusion, using both
experimental manipulations (Baker and Holroyd, 2011;
Holroyd et al., 2011; Holroyd et al., 2008) and time-fre-
quency decomposition (Bernat et al., 2008; Bernat et al.,

2011) to isolate this gain-related neural response. A sec-
ond, preliminary finding in our report was that this
reward-related positivity reflects activation of the striatum.
Cohen et al. (this issue) suggest that this interpretation is
‘‘highly unlikely.’’ We agree that the localization of scalp-
recorded ERP activity to subcortical regions requires cau-
tion and ought to be further substantiated using comple-
mentary methods, such as fMRI and recordings from
depth electrodes. For several reasons, however, we dis-
agree with the line of reasoning presented by Cohen et al.,
and we reply here to each of their points.

(1 and 2) Intracerebral studies have demonstrated ERP-
like activity in the striatum across a wide range of experi-
mental tasks (Rektor, 2008). These studies show that it is
possible to record electrical dipoles from within the basal
ganglia, and that these dipoles create electrical fields that
may be recorded from sites that are far away. As noted in
our paper, combined evidence from depth and scalp elec-
trodes indicates that subcortical activity—particularly in
the striatum—can plausibly contribute to scalp-recorded
activity (Rektor, 2002). The surface potential generated by
a particular brain region depends not only on the distance
to the scalp, however, but also the orientation of the neu-
rons. Evidence from whole-brain anatomical models
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indicates that striatal activity is distinguishable from corti-
cal activity using scalp-recorded potentials, and that it can
be detected with �20 trials (Attal et al., 2009).

In contrast, Cohen et al. cite work from their group
(Cohen et al. (2009) in which they find only weak correla-
tions between scalp-recorded ERPs and depth recordings
from the basal ganglia during a reward learning task.
Examining the scalp-recorded ERPs presented in the sup-
plementary data section, however, suggests that unfavora-
ble compared to favorable outcomes did not elicit an FN
in the group of patients studied by Cohen et al. Following
reward feedback, there was a positivity to losses and a
negativity to gains, a pattern which is nearly opposite to
the existing literature on the FN. The absence of an FN in
their sample may be related to the fact that this group of
individuals was currently depressed, which is known to
attenuate neural responses to rewards (Eshel and Roiser,
2010)—and reduce the amplitude of the FN (Foti and Haj-
cak, 2009). Future studies in nondepressed patients that
simultaneously record reward-related neural activity from
depth electrodes and the scalp will certainly provide criti-
cal data on the correspondence between ERPs generated in
the striatum and those recorded at the scalp.

(3 and 4) Previous studies have not separated the FN
from overlapping responses, particularly the P300, which
could influence source localization results. It is highly
unlikely that the variation in the reward-related positivity
is generated within the caudal anterior cingulate cortex
(ACC): extensive neuroimaging evidence indicates that this
region is not activated by monetary reward (Liu et al.,
2011). However, it is possible that the FN is generated in
part by the rostral ACC (Nieuwenhuis et al., 2005). For
example, one study that combined ERPs and fMRI also
localized the FN to the dorsal striatum, but, like Nieuwen-
huis et al. found that the FN could be accounted for by a
dipole in the rostral ACC (Martin et al., 2009). The relative
contributions of the rostral ACC and the striatum will be
relevant for future research. In a forthcoming report, we
recorded both ERP and fMRI data from the same subjects
performing the same gambling task (Carlson et al., under
review). Using PCA, we again found that the FN was a
reward-related positivity that source-localized to the stria-
tum; moreover, FN magnitude correlated with reward-
related hemodynamic activity throughout the mesocortico-
limbic system, and the strongest correlations were between
the FN and striatal activity. Seeding dipoles at each of the
regions showing a significant BOLD response, we found
that the FN was uniquely predicted by dipoles placed in
the dorsal and ventral striatum, and not by the mPFC, orbi-
tofrontal cortex, visual cortex, or motor cortex.

(5) We agree that PCA will only effectively separate
responses that have distinct temporal and/or spatial distri-
butions. In the sample figure provided by Cohen et al, the
two simulated headmaps are nearly identical, but the time
course of activity is not considered. Activity in the pair of
ACC/PCC sources would need to be highly similar to the
striatal source temporally, not just spatially, and also simi-

lar to one another. Although it is possible to have coherent
electrical activity in two disparate regions such as the
ACC and PCC, a more parsimonious explanation is that
this activity is happening in a single region. Instead, as
with any source analysis of ERP data, the relevant compet-
ing explanations are a single point source (i.e., the stria-
tum) or a more superficial distributed source (i.e., a
relatively broad region of the cingulate). Converging evi-
dence from other methods is necessary to distinguish
between these possibilities and, as noted above, in light of
the existing fMRI and intracerebral evidence we favor the
striatum as the more likely source.

Overall, we agree with Cohen et al. that interpreting
ERP activity in terms of subcortical sources should be
done with caution, and be strongly guided by existing an-
atomical and empirical evidence. The localization of the
FN to the striatum is noteworthy insofar as it provides a
link between the ERP literature and the vast neuroimaging
and animal literatures on reward processing. Based on the
available evidence, we argue that a medial frontal ERP
response resulting from a dipole in the striatum is plausi-
ble, and warrants further investigation.
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