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Facial expressions are a potent source of information about how others evaluate our behavior. In the present study,
we investigated how the internal performance-monitoring system, as reflected by error-related negativity (ERN),
is affected by external cues of positive (happy faces) or negative evaluation (disgusted faces) of performance. We
hypothesized that if the social context indeed impacts on how we evaluate our own performance, we would expect
that the same performance error would result in larger ERN amplitudes in the context of negative evaluation than
in a positive evaluation context. Our findings confirm our predictions: ERN amplitudes were largest when stimuli
consisted of disgusted faces, compared to when stimuli consisted of happy faces. Importantly, ERN amplitudes
in our control condition, in which sad faces were used as stimuli, were no different from the positive evaluation
condition, ruling out the possibility that effects in the negative evaluation condition resulted from negative affect per
se. We suggest that external social cues of approval or disapproval impact on how we evaluate our own performance
at a very basic level: The brain processes errors that are associated with social disapproval as more motivationally
salient, signaling the need for additional cognitive resources to prevent subsequent failures.

Keywords: Error-related negativity; Event-related potentials; Emotion; Affect.

Adequate evaluation of performance and monitoring
of the environment for cues signaling potential aversive outcomes are among the most crucial prerequisites
for adaptive, goal-directed behavior. To date, research
has focused on how the brain accomplishes this task,
and how potential sources of information regarding the
efficacy of behavior, such as immediate behavioral outcomes or one’s affective state, impact on the strength
of neural performance monitoring signals. Crucially,
the present research focused on the effects of external, social sources of information: the emotional facial
expressions of other people.
Facial expressions are foremost emotional reactions
to emotional events, but also serve an important social

communicative function (Ruys & Stapel, 2008). It is
clear that social context effects are ubiquitous (e.g.,
social facilitation; Zajonc, 1965). However, the effects
of social cues on the very early (neural) stages of the
performance-monitoring process remain largely uninvestigated. To address this important and intriguing
issue, we examined the extent to which the presence of a social context of disapproval (disgusted
facial expressions) or approval (happy expressions)
influences early stages of performance monitoring.
Over the last 20 years, there has been a
surge in research efforts investigating the neural correlates of these performance-monitoring processes. Measuring event-related potentials (ERPs),
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Falkenstein, Hohnsbein, Hoormann, and Blanke
(1990) discovered a neural response to errors that
is now called the error-related negativity (ERN) (see
also Gehring, Coles, Meyer, & Donchin, 1990). The
ERN consists of a large negative shift in the responselocked ERP occurring within 100 ms after subjects
have made an erroneous response. Typically observed
at frontocentral recording sites (FCz, Cz), the ERN has
been shown to have its source in the anterior cingulate cortex (ACC) (DeHaene, Posner, & Tucker, 1994;
Holroyd, Dien, & Coles, 1998). Indeed, many studies
have shown that the ACC is involved in the processing of outcomes that deviate in a negative way from
expectations (reward prediction errors; Amiez, Joseph,
& Procyk, 2005; Matsumoto, Matsumoto, Abe, &
Tanaka, 2007). The ACC responds with increased
activation when experimental subjects make errors
(Ullsperger, Nittono, & von Cramon, 2007), but also
increases when performance feedback is provided that
indicates that outcomes are below expectations (e.g.,
Nieuwenhuis, Schweizer, Mars, Botvinick, & Hajcak,
2007). It is these reward prediction errors, as signaled
by the ACC, that are proposed to be reflected by the
ERN (Holroyd & Coles, 2002).
In addition to signaling errors and low outcomes,
the ERN has been proposed to reflect an affective
evaluation of such negative outcomes (Bush, Luu, &
Posner, 2000). For example, the ERN was found to
be enlarged for subjects with high levels of negative affect (Luu, Collins, & Tucker, 2000; Hajcak,
McDonald, & Simons, 2004), depression (Chiu &
Deldin, 2007), anxiety (Hajcak, McDonald, & Simons,
2003), and behavioral inhibition (Tops & Boksem,
2011). Of particular relevance here may be the finding that for subjects high on punishment sensitivity the
ERN was enlarged under conditions of potential punishment, while for subjects high on reward sensitivity
the ERN was enlarged under conditions of potential
reward (Boksem, Tops, Kostermans, & De Cremer,
2008), indicating that the subjective value of the (negative) outcome is particularly reflected in the ERN (see
also Hajcak, Moser, Yeung, & Simons, 2005; Pailing &
Segalowitz, 2004). These findings fit well with theories
of ACC function as an interface between emotion and
cognition (Bush et al., 2000), as well as with current
theories regarding how emotions influence behavior:
Emotions are proposed to provide an online evaluation (good or bad) of current performance. In this view,
positive emotions associated with a certain behavioral
outcome may promote repeating this behavior, while
negative emotions would promote behavioral change
to prevent this negative outcome in the future (Aarts,
Custers, & Holland, 2007; Carver & Scheier, 1990;
Weiner, 1985).

In addition to internally monitoring our own performance, we also monitor our (social) environment for
cues of potential success or failure. Facial expressions
are a potent source of information about how others evaluate our behavior (i.e., Ekman, 2003). Happy
emotional expressions (i.e., smiling) communicate that
others evaluate our behavior positively (Matthews &
Wells, 1999), while negative (i.e., disapproving) facial
expressions communicate that “something is wrong”
and that we should probably change our behavior
(Blair, 1995). This “social referencing” effect is fundamental to learning the do’s and don’ts that are
appropriate in our social environment. For example,
infants as young as 8 months will look toward the primary caregiver upon the discovery of a novel object.
The infants’ behavior is then determined by the caregiver’s emotional expression: If the caregiver displays
a positive expression (i.e., smiling) the infant will
approach the object, while if the caregiver displays
a negative expression such as disgust, the infant will
avoid the object (Blair, 2003; Klinnert, Campos, &
Source, 1983; Walker-Andrews, 1998).
Expressions of disgust are of particular relevance in
the present context. Whereas expressions of anger may
also communicate rivalry or aggression, an expression
of disgust directed at the self exclusively implies a
negative evaluation of one’s current behavior (Amir,
Klumpp, Elias, Bedwell, Yanasak, & Miller, 2005;
Rozin, Lowery, Imada, & Haidt, 1999), and may elicit
emotions such as shame and guilt (Elison, 2005).
In turn, these emotions serve as potent feedback
that current behavior is not very well appreciated
by others and that this behavior should be modified
(Baumeister, Vohs, DeWall, & Zang, 2007). Indeed,
shame is elicited particularly by the experience of negative social evaluation (Ayers, 2003) and shame has
also been related to increased ERN amplitudes (Tops,
Boksem, Wester, Lorist, & Meijman, 2006).
In the present study, we investigated how the internal performance-monitoring system, as reflected by
the ERN, is affected by external cues of positive
or negative evaluation of performance. Subjects performed a version of a Simon task (Simon, 1969) in
which stimuli were either happy faces (inducing a
positive evaluation context), or disgusted facial expressions (inducing a negative evaluation context). If the
social context impacts on how we evaluate our own
performance, we would expect that the same performance error would result in larger ERN amplitudes
in the context of negative evaluation than in a context
of positive evaluation. It is important to separate such
effects on ERN amplitude from the effects of negative
affect per se. Indeed, facial expressions of disgust can
induce negative feelings, and also ERN amplitudes
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may be modulated by the experience of transient negative affect (Wiswede, Munte, Kramer, & Russeler,
2009). Therefore, we also included stimuli depicting
sad facial expressions as a control condition.
Moreover, these error signals of negative social
evaluation should provide a motivational cue to change
behavior in such a way that performance will be more
positively evaluated by others in the future. In the
present task, this would involve changing behavior to
minimize future errors. As most errors in this sort of
tasks are so called “slips” caused by responding prematurely, slowing down after such a slip reduces the
probability of making another error (i.e., post-error
slowing) (Rabbitt, 1966). Because negative social evaluation, as induced by the disgusted faces and reflected
in ERN amplitudes, should provide a potent cue to
change behavior, we expect this behavioral adaptation
to error commission to be especially prominent in a
negative social evaluation context.

METHODS
Subjects
Fifty-four healthy participants (22 men), between
18 and 23 (M = 20.1, SD = 1.5) years of age, were
recruited from the university population. There were
no significant differences in either age or gender
of subjects in the three experimental conditions.
Participants received course credit for their participation and written informed consent was obtained prior
to the study.

Task
We used a version of the Simon task (Simon, 1969).
Stimuli consisted of pictures of male or female faces
from the NimStim Face Stimulus set (MacArthur
Foundation Research Network) that were presented
either right or left of fixation (see Figure 1). Subjects
were instructed to respond to pictures of male faces
by pressing the button under their left index finger and
to press the button under their right index finger when
the stimulus was a picture of a female face. On congruent trials the stimulus appeared on the same side
of the screen as the required response (i.e., a picture
of a male on the left side of the screen or a picture of
a female presented on the right side). On incongruent
trials, the stimulus location differed from the response
side (i.e., a picture of a male presented on the right side
of the screen or a picture of a female presented on the
left side of the screen).
The stimuli were presented on a 17-inch PC
monitor. Pictures were grayscale against a black
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Figure 1. Examples of the stimuli used in the Simon task. Left: a
congruent stimulus (pictures of males required a left-hand response)
in the positive evaluation condition. Middle: an incongruent stimulus
in the negative evaluation condition. Right: a congruent stimulus in
the control condition.

background, and each picture had a height of 10 cm
and a width of 8 cm. Forty percent of the trials consisted of incongruent stimuli, and 60% consisted of
congruent stimuli, presented in random order. Stimuli
remained on screen for 1,000 ms. Following a 750ms interval, feedback was presented for 500 ms. The
intertrial interval was 750 ms, so that each trial had a
total duration of 3 s. Participants completed 400 trials
(20 min) in one of the three conditions that differed
only in the types of pictures that were presented. In
one condition, stimuli consisted of 10 different faces
(5 male, 5 female faces) bearing a happy expression
(n = 18). In a second condition, stimuli consisted of
the faces of the same 10 people, but this time bearing
a disgusted expression (n = 17). In the third condition,
subjects viewed pictures of again the same 10 people,
but this time bearing a sad expression to control for
potential effects of negative affect (n = 19).

Procedure
Before the start of the experiment, subjects were
trained in performing the task, for 2.5 min (50 trials).
Following the application of the electrodes, subjects
were seated in a dimly lit, sound-attenuated, electrically shielded room at 1.20 m from a 17-inch PC
monitor. Their index fingers rested on response buttons. Subjects were instructed to press the response
button as quickly as possible when a target was presented, maintaining a high level of accuracy. Upon
completion, subjects were debriefed and received their
course credit.

Electrophysiological recording and
data reduction
Electroencephalographic recordings (EEG) were made
on 49 locations with active Ag–AgCl electrodes
(Biosemi ActiveTwo, Amsterdam, The Netherlands)
mounted in an elastic cap. Horizontal electrooculogram (EOGs) were recorded from two electrodes
placed at the outer canthi of both eyes. Vertical EOGs
were recorded from electrodes on the infraorbital and
supraorbital regions of the right eye placed in line with

4

BOKSEM, RUYS, AARTS

the pupil. The EEG and EOG signals were sampled at a
rate of 256 Hz, and offline re-referenced to an averaged
mastoid reference.
All ERP analyses were performed with BrainVision
Analyzer software (Brain Products GmbH, Germany).
The data were resampled at 100 Hz and further filtered with a 0.53-Hz high-pass filter and a slope of 48
dB/oct and a 40-Hz, low-pass filter also with a slope of
48 dB/oct. Artifacts were rejected, and eye-movement
artifacts were corrected by the Gratton, Coles, and
Donchin (1983) method. A baseline voltage averaged
over the 100-ms interval preceding events of interest
was subtracted from the averages.
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Data analysis
Performance
For the different stimulus conditions, mean reaction times (RTs) were calculated, and the percentage of
hits, errors, and misses was also determined. Correct
reactions occurring within a 100–1,000-ms interval
after stimulus presentation were considered as hits.
Because misses were very rare, we will focus here on
hits and errors. To investigate strategic performance
changes after error detection, we also analyzed RTs
on trials following an error or a correct response (i.e.,
post-error slowing) (Rabbitt, 1966). As we found no
difference in post-error slowing for congruent and
incongruent trials, the reported data on post-error
slowing include both incompatible and compatible
n − 1 trials.
ERPs
For error trials, mean ERN amplitude was calculated at FCz, where this component had its maximum. We quantified the ERN as the most negative
peak occurring in the 100 ms following the erroneous response. For statistical analyses, we used the
average amplitude of this peaks in a time window
starting 20 ms before the peak until 20 ms after the
peak. The same epochs were used for our analysis
of the response-locked ERPs on correct trials (CRN).
In addition, we also measured amplitudes of an ERP
component following the ERN, the error positivity
(Pe). The Pe was quantified as the average amplitude
between 110 and 330 ms following the response, also
at FCz.
Although feedback was presented following
every trial, thus potentially allowing analysis of
feedback-related ERPs, this feedback was not very
informative because the task is so simple that subjects
were well aware of making an error before feedback

was presented. Therefore, feedback-related ERPs will
not be presented.

RESULTS
Task performance
RTs and number of errors were calculated for the
two trial types (congruent and incongruent) separately. For RTs, repeated-measures GLM (generalized
linear model) with congruency as a within-subject
factor and experimental condition (happy, disgusted,
sad) as a between-subject factor indicated a significant main effect for trial type, F(1, 51) = 56.24, p <
.001: Subjects responded slower in incongruent trials
(562 ms) than in congruent trials (536 ms). This effect
was not different for the three experimental conditions,
F(2, 51) = 0.15, ns. Finally, there was no main effect
of social context on RTs (disgusted: 547 ms; happy:
551 ms; sad: 550 ms; F(2, 51) = 0.34, ns).
The same analyses also revealed a main effect of
trial type for accuracy, F(1, 51) = 12.55, p < .001: The
number of errors made on incongruent trials (10.6%)
was substantially larger than the number of errors
made on congruent trials (7.7%). Again, we found no
interaction between congruency and experimental condition, F(2, 51) = 2.27, ns, and no main effect of social
context on error rates (disgusted: 7.4%, happy: 10.2%,
sad: 9.7%; F(2, 51) = 1.23, ns).
On average, subjects responded slower to trials
following an incorrect response (601 ms) than to
trials following a correct response (548 ms), F(1,
51) = 94.15, p < .001. Although this post-error slowing effect tended to be largest in the disgusted condition (65 ms) and smallest in the happy condition (45 ms), with the sad condition somewhat in
between (51 ms), this failed to reach significance, F(2,
51) = 1.08, ns.

ERPs1
A large negative deflection following an erroneous
response (ERN) was observed that was significantly
larger, F(1, 51) = 137.43, p < .001, than the deflection following a correct response (correct-related

1 To control for potential contamination of response-locked ERPs

by stimulus-evoked ERPs (most notably the P3), we also performed
all ERP analyses with P3 amplitudes (measured 300–500 ms poststimulus onset) included as a covariate. Results from these additional
analyses were not different from those reported in the main text,
indicating that our findings specifically reflect the impact of social
context on performance evaluation.
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Figure 2. Response-locked ERPs at midline electrode sites for the negative evaluation condition (disgusted; n = 17), the positive evaluation
condition (happy; n = 18), and the control condition (sad; n = 19).

negativity – CRN). This effect interacted with experimental condition, F(2, 50) = 6.79, p < .005. Follow-up
t-tests showed that the ERN was larger in the disgusted
condition than in the happy condition, t(33) = –4.07,
p < .001, or the sad condition, t(34) = –3.95, p <
.001, while the ERNs in the happy and the sad conditions were not significantly different, t(35) = 0.68,
ns (Figure 2). Analysis of CRN amplitudes showed a
different pattern of results: While both CRN amplitudes in the disgusted condition (t(33) = –2.20, p <
.05) and in the sad condition, t(35) = –2.24, p <
.05, were significantly more negative than in the
happy condition, there was no significant difference
in amplitudes between sad and disgusted conditions
t(34) = –0.86, ns.
Contrasting the difference between ERN and CRN
in the three conditions (i.e., the “difference wave”
resulting from subtracting CRN from ERN) revealed
an enhanced negativity following erroneous responses
in the disgusted condition compared to both the happy
condition, t(33) = –2.34, p < .05, and the sad condition, t(35) = –3.62, p < .001. This difference between
ERN and CRN was not significantly different for
the happy condition compared to the sad condition,
t(35) = 0.94, ns.
Following these negative ERP components, we
observed a large positive waveform (Pe) that was
significantly more positive for ERPs elicited by erroneous responses than for ERPs elicited by a correct
responses, F(1, 50) = 97.03, p < .001. Pe amplitudes
were not different for the three conditions, F(2,
50) = 1.79, ns.

Finally, ERN amplitude was found to be related
to post-error slowing: Subjects displaying the largest
ERN amplitudes slowed down the most, r(54) = 0.27,
p < .01. When we look at this correlation more
closely for the three different conditions, we see that,
only in the disgusted condition, post-error slowing
was strongly related to ERN amplitudes, r(17) = 0.54,
p < .05, while in the happy condition, r(18) = 0.10,
ns, and in the sad condition, r(19) = 0.24, ns, ERN
amplitudes and post-error slowing were unrelated.
The Fisher r-to-z transformation was used to assess
whether this correlation in the disgusted condition was
significantly higher than the correlations in the other
conditions. The results showed that these differences
were marginally significant, z < 1.36, p > .08.

DISCUSSION
In the present study, we investigated how the internal
performance-monitoring system, as reflected by the
ERN, is affected by external cues of positive (happy
faces) or negative evaluation (disgusted faces) of performance. We hypothesized that if the social context
does indeed impact on how we evaluate our own
performance, we would expect that the same performance error would result in larger ERN amplitudes in
the context of negative evaluation than in a context of
positive evaluation.
Our findings confirm our predictions: ERN amplitudes were largest when stimuli consisted of disgusted
faces (negative evaluation context), compared to when
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stimuli consisted of happy faces (positive evaluation
context). Importantly, ERN amplitudes in our control
condition, in which sad faces were used as stimuli,
were no different from the positive evaluation condition, ruling out the possibility that effects in the
negative evaluation condition resulted from negative
affect per se. Indeed, using a very similar task, it has
previously been shown that happy, angry, and neutral facial expressions did not result in differences
in ERN amplitude at all (Compton, Carp, Chaddock,
Fineman, Quandt, & Ratliff, 2007). These findings
suggest that external social cues of disapproval impact
on how we evaluate our own performance at a very
basic level: Within 100 ms of making a mistake, our
brain responds more strongly to this mistake in the
context of social cues signaling disapproval than when
making the same mistake in a non-disapproving social
context.
Interestingly, we found that particularly in the disgusted condition ERN amplitudes were related to
corrective actions (i.e., slowing down after an erroneous response to prevent subsequent errors): Large
ERN amplitudes were related to more post-error slowing. In addition, post-error slowing in absolute terms
tended to be larger in this condition, although not significantly so. These observations fit well with the idea
that the emotions subjects may experience in the context of negative evaluation (such as shame) serve the
adaptive purpose of motivating behavior change, so
that this negative emotion (and thus the behavior that
caused it) will not recur in the future. Indeed, ERN
amplitudes have been shown to be predictive of performance adjustments (Cohen & Ranganath, 2007; Frank,
Woroch, & Curran, 2005) and have recently been
shown to reflect a learning process guiding behavior away from repeating a previous mistake (Van der
Helden, Boksem, & Blom, 2010). The present results
suggest that social cues of negative evaluation may
facilitate this process, although it should be noted
that the observed differences between conditions in
post-error slowing were only marginally significant,
possibly due to small sample sizes. Therefore, these
findings need to be interpreted with caution.
The present findings fit well with previous results
showing that the subjective value of the (negative)
outcome is particularly reflected in the ERN (e.g.,
Boksem et al., 2008; Hajcak et al., 2005; Pailing
& Segalowitz, 2004), indicating that, in a context
of negative social evaluation (induced by the disgusted facial expressions), errors are experienced
as particularly aversive and salient. In contrast, we
showed that this subjective value of negative outcomes did not affect Pe amplitudes. Measured at
110–330 ms post-response, this component can be
considered an “early Pe” (e.g., Van Veen & Carter,

2002), which has been related to error-evaluation processes similar to the ERN and has also been related
to affective/motivational processes by some authors
(e.g., Boksem, Tops et al., 2006; Falkenstein et al.,
2000; Hajcak et al., 2004). However, the current results
indicate that, at least in the present experimental context, the Pe is largely unaffected by such processes,
speaking to the observation that findings regarding the
Pe are rather inconsistent and a clear functional interpretation of this component remains to be put forward
(Overbeek, Nieuwenhuis, & Ridderinkhof, 2005).
Our findings add to a growing literature suggesting
that social factors are involved in performance or outcome evaluation. For example, we recently reported
that unfair outcomes elicited larger “feedback ERNs”
(FRN) particularly for subjects who value fairness
highly (Boksem & De Cremer, 2010). In addition, we
found that FRN amplitudes elicited by experienced
losses depend on the outcome experienced by others:
FRN amplitudes were increased when subjects experienced a loss in the context of another subject experiencing a gain (Boksem, Kostermans, & De Cremer,
2010). FRN amplitudes were also shown to depend on
one’s social standing: For subjects at the bottom of
the social hierarchy (who are more likely to experience negative evaluation and potential rejection), FRN
amplitudes were larger than for those higher in the
hierarchy (Boksem, Kostermans, Milivojevic, & De
Cremer, in press). Importantly, the ACC (the putative source of the ERN) has also been shown to be
involved in processing “error” signals from the social
environment such as exclusion, rejection, and the experience of shame and guilt2 (Eisenberger, Lieberman,
& Williams, 2003; Kross, Egner, Ochsner, Hirsch, &
Downey, 2007).
Additionally, our findings demonstrate the importance of other people’s emotional reactions in how
much effort we expend to achieve something. Previous
research shows that, in a reward context, pairing
neutral objects with angry facial expressions stimulated subjects to increase physical effort to obtain

2 A neural structure that is consistently co-activated with the
ACC in processing these “social error” signals is the anterior insula
(AI) (Lamm & Singer, 2010). In addition, this neural structure is
consistently activated by viewing disgusted faces, as in the present
experiment (Philips, Endrass, Kathmann, Neumann, J., von Cramon,
& Ullsperger, 1997), by becoming aware of having made a mistake
(Klein et al., 2007), while the AI also has a necessary role in the
normal occurrence of the ERN (Ullsperger & von Cramon, 2003).
Indeed, it has been proposed that the role of the AI in these processes
may reflect the processing of personally and motivationally important salient information, and the subsequent recruitment of cognitive
effort (Ullsperger et al., 2010). This interpretation is very similar to
our suggestions that ERN may reflect engagement (Tops & Boksem,
2010), emphasizing the role of both ACC and AI in this process.
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these neutral objects (Aarts et al., 2010). The present
research suggests that, in a performance context, disgusted facial expressions have a similar effect. By
amplifying the error-related signal in the brain, other
people’s disgust may increase our effort to perform
well on a task. An interesting subject for future
research would be to investigate under what circumstances facial emotional expressions, such as sadness
and fear, affect our willingness to invest increased
effort.
A very influential form of the model stating that
affect acts as an online feedback mechanism to guide
goal-directed behavior has been developed by Carver
and Scheier (1990, 1998). These authors proposed that
positive affect signals that progress toward a valued
goal is adequate or even above expectations, while
negative affect signals that progress is not as good as
desired. Hence, negative affect is a motivator to put
in more effort, while positive affect may even signal
opportunities to turn attention to something else, without jeopardizing long-term success (Carver, 2003).
Although the present work highlights the importance
of specific emotional reactions (e.g., disgust) rather
than global positive or negative affect for guiding
goal-directed behavior (see also Aarts et al., 2010),
the basic idea that emotional reactions provide performance feedback fits well with current theories that
suggest that ERN reflects a measure of engagement
(Cavanagh & Allen, 2008; Luu et al., 2000; Tops
& Boksem, 2010): Bored or fatigued subjects show
reduced ERN amplitudes, while highly motivated subjects show increased ERN amplitudes (e.g., Boksem,
Meijman, & Lorist, 2006; West & Travers, 2008). In
line with Carver and Scheier’s model, the perceived
negative evaluation as induced by the disgusted faces
may signal that progress is below expectation, in turn
stimulating increased levels of effort and engagement.
In summary, we found that cues of negative social
evaluation (faces bearing the emotional expression of
disgust) influence how we evaluate our performance:
A mistake that is made in such a context of negative social evaluation elicits a larger ERN than when a
similar mistake is made in a non-rejecting social context. These findings suggest that external social cues
of approval or disapproval impact on how we evaluate
our own performance at a very basic level: The brain
processes errors associated with social disapproval as
more motivationally salient, signaling the need for
additional cognitive resources to prevent subsequent
mistakes and negative evaluation by others.
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