will purchase and benefit from their prod-
ucts, and to avoid harming patients.)

The pediatric rule further increases the
already high costs of drugs to consumers
and puts them at greater risk.

HENRY |. MILLER*
The Hoover Institution, Stanford, CA 94305-6010,
USA. E-mail: miller@hoover.stanford.edu
*Miller was an official at the FDA from 1979 to 1994.

Medial Prefrontal Cortex
and Error Potentials

WILLIAM J. GEHRING AND ADRIAN R.
Willoughby (“The medial frontal cortex and
the rapid processing of monetary gains and
losses,” Reports, 22 March, p. 2279) report
that a “medial-frontal negativity” (MFN), a
negative-going deflection in the human
event-related brain potential (ERP), was
elicited by feedback stimuli indicating mon-
etary gains or losses. The MFN was greater
in amplitude following losses than following
gains and was attributed to activity in medi-
al frontal cortex. Previous studies have iden-
tified a similar negative deflection in the
ERP that occurs following incorrect re-
sponses in speeded reaction time tasks (/, 2)
and following feedback stimuli that indicate
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incorrect performance (3). Both of these re-
sponse and feedback “error-related negativi-
ties” (ERNs) were thought to be produced in
medial frontal cortex by a mechanism for
error detection (/-3). As Gehring and
Willoughby note, the MFN and the feed-
back-related ERN share identical scalp dis-
tributions and latencies, suggesting that they
are the same phenomenon. Importantly,
however, Gehring and Willoughby empha-
size that the MFN/feedback ERN is sensi-
tive to the “utilitarian” (gain or loss) value
of feedback, rather than to the “perfor-
mance” (correct or incorrect) value of feed-
back. In so doing, they dissociate that com-
ponent 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 ren-
ders the distinction between utilitarian and
performance feedback artificial by highlight-
ing a shared functional property: the rein-
forcement 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 re-
ward. Application of a reinforcement learning
algorithm previously used to describe phasic
dopamine activity (8) predicts an inverse rela-
tionship between the amplitudes of the re-
sponse and feedback ERNs (4-7). This result
is what we find empirically (6, 7).
CLAY B. HOLROYD," MICHAEL G. H. COLES,?
SANDER NIEUWENHUIS'
TPrinceton University, Department of Psychology,
Princeton, NJ 08544-1010, USA. E-mail: chol-
royd@princeton.edu, snieuwen@princeton.edu. F.
C. Donders Centre for Cognitive Neuroimaging,
6500 HB Nijmegen, Netherlands, and Department
of Psychology, University of lllinois, Champaign, IL
61820, USA. E-mail: mcoles@s.psych.uiuc.edu
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Response

WE THANK HOLROYD, COLES, AND
Nieuwenhuis for suggesting that their
computational model of the error-related
negativity (ERN) (/) predicts the response
of the medial-frontal negativity (MFN) to
monetary losses (2). Their model is an im-
portant 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 feed-
back- and response-related ERNs have more
posterior scalp foci than the MFN (/, 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) ac-
counts for all of these phenomena. If a com-
mon source contributes to the ERNs and the
MFN, it is likely that other concurrent, over-
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lapping sources also make differential con-
tributions in each case (5).

Moreover, evidence suggests that the dis-
tinction between utilitarian and performance
feedback is not artificial. There are a number
of ways in which an event can be motivation-
ally relevant (6), and different cortical systems
may code for different motivational attributes
of an event (7). In particular, neurophysiologi-
cal 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 or-
bitofrontal cortex do not code the absolute de-
sirability of a reward, but, instead, its desir-
ability relative to other alternatives in a partic-
ular context (8). Numerous behavioral studies
of human decision-making have demonstrat-
ed that utilities are affected by a comparison
between the obtained outcome and unob-
tained 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 re-
sults, 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.

WILLIAM J. GEHRING AND ADRIAN R. WILLOUGHBY
Department of Psychology, University of Michi-
gan, Ann Arbor, Ml 48109-1109, USA. E-mail:
wgehring@umich.edu, awilloug@umich.edu
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DNA Replication
and Traintracks

THE PRESCIENT WORK OF THE RUSSIAN
theoretician Alexei Olovnikov (/, 2) was
omitted from Jean Marx’s News Focus article
“Chromosome end game draws a crowd” (29
March, p. 2348).
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