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The P300 in event-related potentials (ERPs) has been implicated in outcome evaluation and
reward processing, but it is controversial as to what aspects of reward processing it is
sensitive. This study manipulated orthogonally reward valence, reward magnitude, and
expectancy towards reward magnitude in a monetary gambling task and observed both the
valence and the magnitude effects on the P300, but only when the amount of reward was
expected on the basis of a previous cue. The FRN (feedback-related negativity), defined as
the mean amplitudes of ERP responses to the loss or the gain outcome in the 250–350 ms
time window post-onset of feedback, was found to be sensitive not only to reward valence,
but also to expectancy towards reward magnitude and reward magnitude, with the violation
of expectancy and the small magnitude eliciting more negative-going FRN. These findings
demonstrate that while the FRN may function as a general mechanism that evaluates
whether the outcome is consistent or inconsistent with expectation, the P300 is sensitive to
a later, top-down controlled process of outcome evaluation, into which factors related to the
allocation of attentional resources, including reward valence, reward magnitude, and
magnitude expectancy, come to play.
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1. Introduction

The P300 has been one of the most studied components of the
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or MFN (i.e., medial-frontal negativity), which is a negative
deflection at frontocentral recording sites that reaches max-
imum between 250 and 300 ms post-onset of feedback stimulus
(Gehring and Willoughby, 2002; Heldmann et al., 2008; Holroyd
and Coles, 2002; Holroyd, 2004; Nieuwenhuis et al., 2004;
Miltner et al., 1997; Yu and Zhou, 2006a, 2006b). The FRN is
more pronounced for negative feedback associated with
unfavorable outcomes, such as incorrect responses or mone-
tary losses, than for positive feedback. Another component is
the P300, which is the most positive peak in the 200–600 ms
period post-onset of feedback and which typically increases in
magnitude from frontal to parietal sites.

It has been claimed that the FRN and the P300 encode
different aspects of outcome evaluation (Yeung and Sanfey,
2004). While the FRN is sensitive to feedback valence, the P300
is sensitive to the magnitude of reward, with a more positive
response to a larger (whether positive or negative) than to a
smaller reward (Sato et al., 2005; Yeung and Sanfey, 2004). In
contrast, feedback valence has no impact upon the P300 (Sato
et al., 2005; Yeung and Sanfey, 2004). Yeung and Sanfey (2004),
for example, asked the participant to choose between cards
that were unpredictably associated with monetary gains or
losses of various magnitudes. After selection, a positive or a
negative number appeared on the chosen card to indicate how



116 B R A I N R E S E A R C H 1 2 8 6 ( 2 0 0 9 ) 1 1 4 – 1 2 2





(1, 15)=8.85, p<0.01, with the FRN effect being larger in the





would reduce the size of the FRN effect for the correctness of
guessing.

Previous studies using the base-to-peak measurement of the
FRN suggest that the FRN is insensitive to reward magnitude
(Hajcak et al., 2006; Holroyd et al., 2006; Sato et al., 2005;
Toyomaki and Murohashi, 2005; Yeung and Sanfey, 2004).
However, another study using the loss-minus-gain difference
parameterization of the FRN found that the FRN effect is greater
for monetary outcomes with large magnitude than for out-
comes with small magnitude (Goyer et al., 2008). Using the mean
amplitude of ERP responses in a time window together with the
2–20 Hz bandpass filtering, the present study also observed an
effect of reward magnitude on the FRN. It is possible that
different measurements have different sensitivities to the
magnitude effect in the FRN. It is also possible that the
manipulation of expectancy towards reward magnitude in this
study highlighted the magnitude dimension, making it easier
being encoded into the FRN.

An unresolved issue is why we observed a three-way
interaction between reward valence, magnitude expectancy
and reward magnitude. As can be seen in Fig. 2, this
interaction was caused mainly by the most positive ERP
responses to the expected large gain. Clearly, the finding of
more positive responses to the expected large gain than to the
unexpected large gain is inconsistent with the reinforcement
learning theory of FRN, which would predict otherwise.
Further studies are needed to replicate this finding and to
manipulate expectancy based on properties other than the
valence of reward.
4. Conclusion

Overall, this study provides further insights into the role of the
P300 in outcome evaluation and reward processing. In
particular, the P300 is sensitive to both feedback valence and
reward magnitude. Moreover, this sensitivity can be modu-
lated by expectancy towards reward magnitude, with the
magnitude effect and the valence effect being either elimi-
nated or reduced when the amount of reward is inconsistent
with expectation. Furthermore, the FRN effect can be observed
for the valence of reward, expectancy towards the magnitude
of reward, and the magnitude of reward, suggesting that the
FRN may function as a general mechanism that evaluates
whether the outcome is consistent or inconsistent with
expectancy, irrespective of on what attribute the expectancy
is built.
5. Experimental procedures

5.1. Participants

Nineteen graduate students (6 females, aged between 22 and
26 years) at the Southeast University in China participated in
the experiment. All the participants were right-handed and
had no history of neurological or psychiatric orders. Each
person received a basic pay of 30 yuan (about $4.5) for his/her
participation, plus a bonus of about 10 yuan based on his/her
performance in the task. Data from 3 participants were
excluded due to excessive artifacts in EEG recording. The
study was approved by the local research ethics committee.

5.2. Design and procedure

The experiment used a 2 (valence)×2 (reward magnitude)×2
(expectancy towards reward magnitude) factorial design, with
the outcome being either positive (i.e., winning money) or
negative (i.e., losing money), either a large amount of money
(i.e., 2.5 yuan) or a small amount of money (0.5 yuan), either
expected (i.e., reward being consistent with the cue) or
unexpected (inconsistent with the cue). The expected trials
were 80% of the total 1000 trials while the unexpected trials
were 20%. Half of the trials had positive feedback, half
negative; and half of the trials had the large reward feedback
(i.e., 2.5 yuan), half the small reward feedback (i.e., 0.5 yuan).

Each trial began with the presentation of a cue (“25” or “5”),
representing, in most cases, the amount of the money
involved in the current round of gamble. Then two cards
were presented for 800 ms at the center of the screen, side by
side. The participant was informed that one card represented
“winning” and the another “losing”, and his/her task was to
chose the winning card using whatever strategies he/she
could appeal to. The participant was instructed to press the
left or the right key of a joystick with his/her left or right index
finger to indicate the card he/she selected, which would then
flash for 500 ms, by thickening the frames of the card, to
confirm the selection. Finally, a feedback stimulus appeared at
the center of the screen for 1000 ms that informed the
participant of the outcome of the current gamble. This
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artifacts were corrected with an eye-movement correction
algorithm. Separate EEG epochs of 800 ms (together with
200 ms pre-stimulus baseline) were extracted offline, time-
locked to the onset of feedback. Epochs were baseline-
corrected by subtracting from each sample the average
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