




they were correct (M¼535724 ms). No other effects were
significant (Fig. 1).

The 2*2*5 ANOVA on the average amplitudes of the
FRN observed a main effect of the correctness of guessing,
F(1,13)¼23.38, Po0.001, indicating the FRN was more
negative for negative feedback (7.86mV) than for positive
feedback (10.10 mV). Importantly, the main effect of color
was significant, F(1,13)¼12.52, P¼0.004, indicating that S2,
when differing from the color of S1, induced a more
negative-going FRN (8.10 mV) than S2 with the same color
as S1 (9.86mV). The main effect of electrode was significant,
F(4,52)¼5.23, P¼0.001, with the FRN amplitudes decreasing
gradually from the Cz to the frontal and posterior sites.

The interaction between the correctness of guess and the
sameness of color was significant, F(1,13)¼10.12, P¼0.007.
Further tests showed that the FRN effect was larger when S1
and S2 had the same color (2.94 mV, F(1,13)¼37.15, Po0.001)
than when S1 and S2 had different colors (1.53 mV,
F(1,13)¼7.99, Po0.05). By contrast, the FRN effect for the
color conflict was larger when the guess was correct
(2.46 mV, F(1,13)¼20.56, P¼0.001) than when the guess was
incorrect (1.05 mV, F(1,13)¼3.71, P¼0.076). The interaction
between correctness of guess and electrode and the
interaction between the sameness of color and electrode
were significant, F(4,52)¼4.87, P¼0.002; F(4,52)¼9.35,
Po0.001, indicating that the sizes of the FRN effect varied
over the midline sites.

Analyses were also conducted for the peak values of P300.
Here we found a significant main effect of the correctness
of guessing, F(1,13)¼12.90, P¼0.003, with a larger P300 for
the incorrect trials (14.47 mV) than for the correct trials
(12.03 mV). The main effect of the sameness of color was not
significant, F(1,13)o1. Neither was the interaction between
color and other variables.

Discussion
The important finding in this study was that the FRN effect
was determined not only by the feedback concerning the
correctness of one’s performance, but also by the con-
gruency between the perceptual properties of the stimuli.
The size of the FRN effect was augmented when S1 and S2
differed in perceptual representations, that is, when there
was perceptual conflict. Moreover, the perceptual conflict by
itself induced an FRN effect, although this effect appeared
to be modulated by the participant’s performance in the
guessing task. Thus, the FRN is sensitive to the conflict
between perceptual representations that are relevant to the
current task.

Given that the FRN is considered to be generated from
ACC [18–20], this study provides evidence for the view that
ACC acts as a general monitoring device in the cognitive
control system; it is responsible not only for detecting
response conflicts but also for detecting other types of
conflicts, including the conflict between perceptual repre-
sentations [1,2]. In this study, as the participant was asked to
guess whether the color of the next stimulus (S2) was the
same as the color of the current stimulus (S1) and to confirm
his prediction subsequently, the color was a task-relevant
perceptual property and participants had to hold the
perceptual representation of S1 in working memory. When
S2 was presented, the perceptual representation of S2 could
either match or not match that of S1. This (implicit) feedback
concerning the correctness of the participant’s guessing

prediction might, by itself, induce the FRN effect. (Our
ongoing research demonstrates that the implicit feedback
concerning one’s social judgment is sufficient to induce the
FRN effect.) The confirmation task reinforced the activation
of S2 and the comparison between perceptual representa-
tions of S1 and S2 in working memory. As demonstrated by
Badre and Wagner [2], conflict in working memory can
activate the ACC. Thus, compared with the situation in
which S1 and S2 had the same color, the perceptual conflict
between S1 and S2 in working memory should activate the
ACC more strongly. This activation augments the differ-
ential activations between the positive and negative
evaluations of the performance in guessing, giving rise to
a larger FRN effect for the performance evaluation.

The above argument leads us to a general view that
conflicting information in working memory produces an
FRN effect, although the size of this effect might be
modulated by the task set, for example, by the performance
in the main task. By additive logic, the fact that the FRN
effect that we observed for the evaluation of the outcome of
earlier guessing interacts with the effect that we observed
for perceptual conflicts in working memory suggests that
the two effects share at least part of their cognitive/neural
processes. We argue that it is the conflict in general, whether
this conflict is between representations in working memory
or between the actual (negative) outcome and the desired
(positive) outcome, that leads to the activation of the ACC
and the generation of FRN. This argument is supported by
the so-called N270 effect observed in a series of studies
using the featural matching task. In this task, when S2
shows discrepancy from S1, whether in color [8,10,11,13],
shape [8,13,15], spatial position [10,14], or digit value [9], the
N270 is elicited after the onset of S2. Given the similarities in
timing and distribution between the N270 and the classic
FRN, and given the conceptual similarities between this
matching task and the guessing task used in this study, we
suggest that the N270 is in fact a variation of the FRN. It is
the conflict of perceptual representations in working
memory that gives rise to the N270/FRN effect.

Conclusions
The FRN in brain potentials is sensitive to the conflict
between perceptual representations in working memory.
The ACC, which generates the FRN, is a general conflict-
monitoring device that detects not only response conflict but
also perceptual conflict.
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