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Abstract The effects of neuroticism and depressive symp-
toms on psychophysiological responses in a social judgment
task were examined in a sample of 101 healthy young adults.
Participants performed a social judgment task in which they
had to predict whether or not a virtual peer presented on a
computer screen liked them. After the prediction, the actual
judgment was shown, and behavioral, electrocortical, and car-
diac responses to this judgment weremeasured. The feedback-
related negativity (FRN) was largest after unexpected feed-
back. The largest P3 was found after the expected Blike^ judg-
ments, and cardiac deceleration was largest following unex-
pected Bdo not like^ judgments. Both the P3 and cardiac de-
celeration were affected by gender—that is, only males
showed differential P3 responses to social judgments, and
males showed stronger cardiac decelerations. Time–frequency
analyses were performed to explore theta and delta oscilla-
tions. Theta oscillations were largest following unexpected
outcomes and correlated with FRN amplitudes. Delta oscilla-
tions were largest following expected Blike^ judgments and
correlated with P3 amplitudes. Self-reported trait neuroticism
was significantly related to social evaluative predictions and
cardiac reactivity to social feedback, but not to the

electrocortical responses. That is, higher neuroticism scores
were associated with a more negative prediction bias and with
smaller cardiac responses to judgments for which a positive
outcome was predicted. Depressive symptoms did not affect
the behavioral and psychophysiological responses in this
study. The results confirmed the differential sensitivities of
various outcome measures to different psychological process-
es, but the found individual differences could only partly be
ascribed to the collected subjective measures.
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Social media have changed the way people interact in modern
society. Many people use Facebook, Twitter, and Instagram to
interact with friends, family, and more distant acquaintances.
An important property of these tools is that they all have very
direct options to instantly evaluate the input of others. In
Facebook and Instagramwe Blike^ the contributions of others,
and in Twitter we retweet and comment. This constant social
evaluation has a massive impact on howwe interact, and more
importantly on how we feel about ourselves and others
(O’Keeffe & Clarke-Pearson, 2011). Social evaluation plays
a major role in psychiatric illnesses such as major depression
(Slavich, O’Donovan, Epel, & Kemeny, 2010), a link that
deserves further study.

A paradigm to investigate the impact of social evaluation in
the laboratory has been developed by Somerville and col-
leagues (Somerville, Heatherton, & Kelley, 2006). They cre-
ated a task in which participants were asked to send a picture
of themselves to the researchers and were told that a group of
people would evaluate their picture on the basis of a first
impression, in terms of Blike^ or Bdo not like.^ In the actual
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task, participants saw the pictures of these virtual judges and
were asked whether or not they thought this person liked them
(version 1) or whether or not they liked the person shown in
the picture (version 2). After giving their prediction (1) or
evaluation (2), the evaluation (in both versions Blike^ or Bdo
not like^) of the virtual judge was shown. Somerville et al.
measured the brain response to this evaluation by using func-
tional magnetic resonance imaging (fMRI) and found that the
dorsal part of the anterior cingulate cortex (dACC) responded
to the congruence between their own prediction/evaluation
and the evaluation of the virtual judge, with more activation
in the dACC for incongruent evaluations. Furthermore, they
found that the ventral part of the ACC (vACC) was more
active following positive evaluations. So, they concluded that
one part of the ACC responds to whether or not an evaluation
fits our prediction, and the other part of the ACC responds to
the actual valence of the evaluation.

In more recent studies, the first version of this social judg-
ment paradigm has been used to evaluate whether the two
important properties (congruence and valence) of social eval-
uation can be measured in different output systems by using
cardiovascular (Moor, Crone, & van der Molen, 2010) and
event-related brain potential (ERP; Dekkers, van der Molen,
Moor, van der Veen, & van der Molen, 2015; van der Veen,
van der Molen, Sahibdin, & Franken, 2014) responses, and
how the behavioral and psychophysiological responses devel-
op during childhood (Moor, van Leijenhorst, Rombouts,
Crone, & Van der Molen, 2010) and are modulated by anxiety
(Van der Molen et al., 2013). In a first study, Moor, Crone, and
van der Molen (2010) found that the cardiovascular system
was sensitive to a combination of both the congruence and
valence of the social judgment, as was shown by a stronger
decelerative response to unexpected Bdo not like^ judgments.
This finding has been replicated a number of times (Dekkers
et al., 2015; van der Veen et al., 2014) and has been related to
activation of the dACC, which might possibly play the role of
a neural alarm system activated by cues that signal social pain
(Eisenberger & Lieberman, 2004). More recently, event-
related brain responses have been examined in this task. In
the first study, it was found that the P3 amplitude was largest
for expected Blike^ judgments, and that the P3 amplitudes for
the other categories did not differ, but were much smaller than
for expected Blike^ judgments (van der Veen et al., 2014). The
P3 is a positive-going ERP component that is maximal be-
tween 300 and 800 ms after stimulus onset, and in which
P3a and P3b components are often distinguished. The P3a is
thought to reflect Bstimulus-driven frontal attention mecha-
nisms during task processing,^ and the P3b is thought to re-
flect Battention and appears related to subsequent memory
processing^ (Polich, 2007, p. 2128). The P3a peaks somewhat
earlier and has a fronto-central distribution, as compared the
later-peaking P3b, which has a more posterior distribution.
The P3 in this task was interpreted as a P3a, and the finding

of a larger P3 amplitude following expected Blike^ judgments
was related to activation of the vACC and the motivational
properties of positive social evaluations when one is expecting
to get a positive social evaluation. In a later study, an enhanced
P3 to expected acceptance was found in a very similar para-
digm, although it was not explicitly reported (Sun & Yu,
2014). In the most recent study, however, the larger P3 for
expected Blike^ judgments could not be replicated (Dekkers
et al., 2015); however, it was found that although social eval-
uations resulted in larger P3 amplitudes than did nonsocial
evaluations, this amplitude was not affected by the congru-
ence or valence of the evaluation. In addition, in the latter
study it was found that the congruence of judgment and ex-
pectation affected the feedback-related negativity (FRN), as
measured at fronto-central locations. The FRN is a negative-
going component peaking around 250 ms poststimulus, is
largest when the outcome is incongruent with expectations,
and has been related to performance monitoring (Ullsperger,
Danielmeier, & Jocham, 2014). In the study by Dekkers et al.,
the FRN was largest for unexpected events and was
interpreted to be related to the dACC activation described by
Somerville et al. (2006) and seen as support for the prediction
of response–outcome (PRO) theory (Alexander & Brown,
2010). According to the PRO theory, the main function of
the ACC is the prediction of the most frequently occurring
outcome, and the ACC sends out a signal when this outcome
does not occur. In this way, the incongruence between expec-
tation and outcome triggers the signal from the ACC (i.e., a
larger FRN), irrespective of valence. Similar findings were
recently reported in a study that examined the influence of
fear of negative evaluation (Van der Molen et al., 2013), in
which a strong effect of congruence on FRN amplitudes was
found, but no effect of congruence or valence on P3
amplitudes.

The discrepancy between the ERP findings reported in var-
ious studies is not easy to explain. Possibly the use of a control
task and gender differences might explain the lack of P3 task
effects in some of these studies (Dekkers et al., 2015; Van der
Molen et al., 2013). In the study of van der Veen et al. (2014),
both males and females were included, whereas in the studies
of Van der Molen et al. and Dekkers et al., only females were
included. Earlier research (Benenson et al., 2013) had shown
that males and females differ in both their uses of and re-
sponses to social exclusion, a concept strongly related to the
negative social feedback given in the social judgment task. On
the other hand, relatively small samples have sometimes been
used. In the present study, these issues were tackled by
performing an experiment that included large numbers of both
females and males. The second discrepancy concerns the re-
ported FRN findings, which were absent in the van der Veen
et al. study. As can be seen in the figures of both the Van der
Molen et al. and Dekkers et al. studies, the FRN is hard to
quantify, due to its overlap with the following P3. The FRN
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can be quantified in a number of different ways, and different
methods are known to lead to different outcomes (Banis &
Lorist, 2012). Furthermore, ERPs are less sensitive to the
electrocortical dynamics that govern FRN activity, and time–
frequency analysis might provide more insight (Cohen, 2011;
Makeig, Debener, Onton, & Delorme, 2004). In this study, we
aimed at quantifying the process underlying the FRN by
means of the power of theta oscillations. Theta oscillations
are thought to be responsive to the same underlying processes
as the FRN, but are thought to reflect the activation of the
underlying brain systems more closely (Cohen, Elger, &
Ranganath, 2007). A recent study has associated the ampli-
tude of theta oscillations with social exclusion (Cristofori
et al., 2013), a process closely related to social rejection as
measured in the social judgment paradigm. Finally, large in-
dividual differences in the behavioral and psychophysiologi-
cal responses have been found in this paradigm (van der Veen
et al., 2014), which might be related to personality traits and
psychopathology. Due to the suggested relation with depres-
sion (Ayduk, Downey, & Kim, 2001; Slavich et al., 2010), we
aimed at exploring, by means of questionnaires, the relations
of the responses with neuroticism, a possible vulnerability
factor for developing major depression (Roberts & Kendler,
1999), and depressive symptoms.

In the present study, we examined the influences of subjec-
tively reported depressive symptoms and neuroticism on be-
havioral and psychophysiological responses in the social judg-
ment task. In line with our previous study (van der Veen et al.,
2014), we expected that the largest P3 would be found at
fronto-central locations and for expected Blike^ judgments,
and the largest cardiac decelerations would be found for un-
expected Bdo not like^ judgments. Furthermore, it was expect-
ed that unexpected judgments would lead to the largest theta
oscillations, on the basis of the assumption that theta oscilla-
tions closely resemble the FRN response in feedback tasks
(Cohen et al., 2007) and the earlier-reported congruence ef-
fects reported in the social judgment task (Dekkers et al.,
2015; Van der Molen et al., 2013). Due to the suggested rela-
tion between reward and delta oscillations (Cohen, Elger, &
Fell, 2009) and the relation between delta oscillations and P3
amplitudes (Basar, Basareroglu, Rosen, & Schutt, 1984), we
expected the highest delta power following expected Blike^
judgments, which were found to be associated with the largest
P3 amplitude and can be seen as the most rewarding stimuli
(van der Veen et al., 2014). On the basis of findings in feed-
back and reward studies, we expected that higher neuroticism
scores would be related to higher theta power for especially
unexpected judgments (Mueller et al., 2014), and a larger
cardiac response to unexpected rejection (Mueller,
Stemmler, Hennig, & Wacker, 2013). For depressive symp-
toms and neuroticism, we expected to find that higher depres-
sive symptoms and neuroticism scores would be related to a
more negative prediction bias (Beck, 1979), as reflected in a

higher percentage of Bdo not like^ predictions. On the basis of
findings with respect to the FRN (Cavanagh, Bismark, Frank,
&Allen, 2011;Mies et al., 2011; Santesso et al., 2008; Tucker,
Luu, Frishkoff, Quiring, & Poulsen, 2003), we expected that
higher depressive symptom scores would be associated with
stronger theta power.

Method

Participants

A total of 131 participants were tested, of which 104 partici-
pants (mean age 20.9, SD = 2.3; 56 females, 48 males) had
complete data sets, including all subjective, psychophysiolog-
ical, and behavioral measures. Participants signed a written
informed consent and were paid a small amount of money
(€10) or received course credit. Participants were screened
with a general health questionnaire and were excluded when
major health problems that would interfere with task perfor-
mance or the outcome measures were reported. Exclusion
criteria were the presence of any neurological or psychiatric
illness. This study was performed according to the local ethi-
cal guidelines of the Institute of Psychology at Erasmus
University Rotterdam.

Stimuli and procedure

Participants performed the social judgment task, which was
based on the paradigm developed by Somerville et al. (2006).
The participants were instructed by using a cover story. At
least one week before the actual experiment, they were asked
to send a picture of themselves to the experimenters. At the
same time, they completed a number of questionnaires (see
the subjective measures) using Qualtrics (Qualtrics, Provo,
UT). The participants were told that the picture they had sent
would be judged by a panel of peers participating in a larger
social experiment at a different university in the Netherlands.
The judgment would be based on a first impression and would
be formulated in terms of Blike^ or Bdo not like.^ Participants
were told that this judgment would be sent back to the exper-
imenters alongside the picture of the panel member. In the
actual experiment participants performed two tasks, of which
only the social judgment task is described in this article. After
general instructions and signing informed consent, they were
attached to the electroencephalographic (EEG) equipment. In
the social judgment task, participants were asked to look at the
pictures of these panel members, which were presented on a
computer screen. They were instructed to predict whether or
not the person shown on the screen would like them. After
giving their prediction, the actual judgment was presented.
Stimuli were presented using the E-Prime software
(Psychology Software Tools, Pittsburgh, PA). In the task, the
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participants viewed 120 faces with a neutral face expression,
derived from the Nimstim (Tottenham et al., 2009), KDEF
(Lundqvist, Flykt, & Öhman, 1998), and RAFD (Langner
et al., 2010) emotional face databases. Pictures from different
databases were transformed to similar sizes; the selection of
pictures consisted of 50 % male and 50 % female faces, and
the faces were presented in black and white against a black
background. Participants had to decide whether or not they
thought the presented person liked them by pressing with their
right hand either the leftmost (Yes) or the rightmost (No) but-
ton on a standard five-key E-Prime response panel. Trials
started with the onset of the face, which was presented for a
fixed period of 6 s. After the onset of the face, participants
were required to provide their answer within a 3-s response
window. After these 3 s, the given answer (yes/no) of the
participant was presented on the left side of the face of the
panel member. After another second, the actual evaluation of
the panel member was presented on the right side of the screen
(the participant’s prediction was still visible). The participants
were not actually evaluated by the persons presented in the
task, but the evaluations were based on a computer-generated
quasirandom sequence consisting of 50 % Blike^ (yes/BJa^)
and 50 % Bdo not like^ (No/BNee^) evaluations. The same
sequence of evaluations was presented to every participant, so
the only thing that differed between participants was the pre-
diction of the participant. After finishing the task, participants
were debriefed about the evaluations and the goal of the
experiment.

Questionnaires

Neuroticism was assessed with the revised and shortened 48-
item Dutch version of the Eysenck Personality Inventory
(EPQ-rss; Eysenck & Eysenck, 1975; Sanderman, Eysenck,
& Arrindell, 1991). The EPQ-rss is a self-report questionnaire
in which 12 yes/no questions measure neuroticism. The inter-
nal consistency of the Neuroticism scale is good, with a
Cronbach’s α of .80 in the present sample. Depressive symp-
toms were measured with the Dutch version of the Beck
Depression Inventory (BDI; Beck, Steer, & Garbin, 1988;
Bosscher, Koning, & Van Meurs, 1986). The BDI is a self-
report questionnaire that is used to measure the level of de-
pression. It consists of 21 items that measure different psycho-
logical and somatic symptoms of depression. Participants rate
themselves on a 4-point Likert scale (0–3), with 0 indicating
the absence of a symptom, and 3 referring to intense presence
of the symptom. The internal consistency of this list is also
good, with a Cronbach’s α of .84 in the present sample.

EEG signal recording

The EEG was recorded with BioSemi Active-Two using 33
channels (10–20 System, and one additional electrode at FCz)

with Ag/AgCl active electrodes mounted in an elastic cap. An
electrocardiogram (ECG) was recorded from a single lead
placed below the left ribcage. Signals were recorded with a
low-pass filter of 134 Hz and were digitized with a sample rate
of 512 Hz and 24-bit analog/digital conversion. The signals
were referenced offline to mathematically linked mastoids. A
vertical electrooculogram (EOG) was derived from electrodes
placed above and below the left eye. A horizontal EOG was
derived from electrodes next to each eye. BioSemi uses the
commonmode sense (CMS) and driven right-leg electrodes to
create a feedback loop that replaces the conventional ground
electrode. The CMS was used as an online reference. The
EEG and ECG data were analyzed offline using Vision
Analyzer (Brain Products GmbH, Munich, Germany).

EEG preprocessing

For both the power and ERP analyses, the EEG signals were
filtered using a band-pass filter between 1 and 40 Hz (phase-
shift-free Butterworth filters, 24 dB/octave slope). The EEG
signal was locked to the onset of the feedback stimulus, and
epochs were extracted between 2,000 ms preceding and 2,
000 ms following the onset of this stimulus. The epochs were
corrected for EOG artifacts by using ocular independent com-
ponent analysis (ICA) as implemented in Brain Vision
Analyzer. To optimize the data, ICA segments containing
large artifacts were removed using a visual inspection method.
Next, automatic artifact removal was applied by removing
segments containing large voltage steps (>50μV), a large dif-
ference between maximum and minimum (>200μV), abso-
lute values exceeding 1 mV, and activity below 0.5μV. After
correction, averages of 29.8 ± 0.81 (mean ± SEM) trials were
kept for expected positive feedback, 29.8 ± 0.77 for unexpect-
ed negative feedback, 25.9 ± 0.76 for unexpected positive
feedback, and 24.0 ± 0.74 for expected negative feedback.

Event-related brain potentials

For the ERP analysis, a 200-ms prefeedback period was used
for baseline correction. Visual inspection of the grand average
ERPs showed that the P3 amplitude was maximal between
300 and 400 ms after stimulus onset, and therefore we decided
to quantify the P3 amplitude as the average voltage in the area
between 300 and 400 ms after the stimulus onset. The FRN
peak amplitude was computed by first identifying the P2 am-
plitude—the most positive value in the 150- to 250-ms
postfeedback window—as the onset of the negativity.
Second, we determined the most negative value within a win-
dow from 200 until 350 ms postfeedback, and finally, took the
difference between the P2 amplitude and this most negative
value as the FRN.
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Time–frequency analysis

For the time–frequency analysis, the data were transformed
with a current source density transformation, after which the
theta oscillations at electrode FCz were analyzed using a con-
tinuous wavelet transformation, as implemented in
BrainVision Analyzer (Morlet complex waveform, frequency
range from 1 to 40 Hz in 40 logarithmic steps, Morlet param-
eter c = 7).

The time–frequency neuronal oscillatory power was ex-
tracted from the data by convolution of the single trials with
complex Morlet wavelets, which can be defined as Gaussian-
windowed sine waves:

Ψ t; fð Þ ¼ Ae
−t2
.

2σ2tð Þ � ei2π f t; ð1Þ
where Ψ denotes the complex convolution with the wavelet
function, t is time, and f is the frequency, which increased from
1 to 40 Hz in 40 logarithmically spaced steps. A represents the
normalization function, which normalizes the wavelet func-
tion so that all frequencies have the same energy value of 1
and allows for comparisons of the signal across all frequency
levels, and σt represents the standard deviation of the Gaussian
bell function. The Morlet parameter C = f(2πσt) was set to 7.
Subsequently, estimates of power were extracted from the
complex signal resulting after convolution of the complex
Morlet wavelet with the single-trial data: p(t) = (real[z(t)]2 +
imag[z(t)]2). The cue-locked power was thereafter normalized
with a percent change from baseline (i.e., –400 to –100 ms
prior to the onset of the feedback stimulus), since power de-
creases with increasing frequencies (power law). The total
power was calculated by averaging across trials and exported
separately for the delta (2–3 Hz) and theta (5–7 Hz)
oscillations.

Interbeat intervals

R peaks were detected in the ECG signal using the peak de-
tection algorithm implemented in BrainVision Analyzer, and
interbeat intervals (IBIs) were computed between consecutive
r peaks. Missing values and artifacts were detected by visual
inspection and corrected manually. We selected six IBIs sur-
rounding the judgment stimulus for further analysis—that is,
two preceding IBIs (–2 and –1), the current IBI (i.e., IBI 0),
and the three subsequent IBIs (i.e., IBIs 1, 2, and 3). As in our
previous study, IBIs 0 to 3 were referenced to the second IBI
preceding stimulus onset (IBI –2).

Statistical analysis

Behavioral and electrocortical measures were statistically
evaluated using SPSS 18 (SPSS Inc., Chicago, IL).

Analysis of variance was performed using a general linear
model (GLM) repeated measures design. For the behav-
ioral measures, we analyzed the prediction bias quantified
as the percentage of expectations of getting a Blike^ judg-
ment. Bias was tested using a one-sample t test with 50 %
as a criterion. Bivariate Pearson correlations were com-
puted between bias, neuroticism, and depressive symp-
toms scores. The P3 and FRN amplitudes were tested in
a design with Electrode Position (three levels: Fz, Cz, and
Pz), Expectation (two levels: BLike^ vs. BDo Not Like^),
and Feedback (two levels: BLike^ vs. BDo Not Like^) as
within-subjects factors. Visual inspection of the wavelet
data showed that both delta and theta power were maxi-
mal on the FCz electrode. Theta was maximal between
200 and 500 ms poststimulus, and delta was maximal
between 100 and 700 ms poststimulus. Theta power was
quantified by computing the average power in the theta
band (5–7 Hz) between 200 and 500 ms after stimulus
onset at FCz. Delta power was quantified by computing
the average power in the theta band (2–3 Hz) between 100
and 700 ms after stimulus onset at FCz. Theta power was
tested in a design with Expectation and Judgment as
within-subjects factors. Interbeat intervals were tested in
a design with Expectation, Judgment, and Sequential IBI
(four levels: 0, 1, 2, and 3) as within-subjects factors.
After performing a first repeated measures GLM analysis
without covariates, we performed additional GLM analy-
ses for all physiological variables in which neuroticism
and depressive symptoms were entered sequentially as
covariates. These scores were centered using the method
of Delaney and Maxwell (1981), because of a large sum-
of-squared error resulting from the addition of these mea-
sures as a covariate in the analyses. We used the mean
minus the mean of all participants (Delaney & Maxwell,
1981; Thomas et al., 2009). Huynh–Feldt corrections of
the degrees of freedom were applied whenever appropri-
ate, but uncorrected degrees of freedom are reported.
Effects size is reported as partial eta squared (ηp

2).
Follow-up analyses were performed whenever significant
interactions were found, and the p values of these tests
were Bonferroni-corrected.

Results

Subjective measures

The average score on the BDI was 5.3 (minimum = 0, maxi-
mum = 28; SEM = 0.56), and 12 participants (12 %) scored 14
or higher, which is considered to be the cutoff score for mild
depression. The average score for neuroticism was 3.8 (min-
imum = 0, maximum = 12; SEM = 0.303). The neuroticism
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and BDI scores were strongly positively correlated, r = .490, p
< .001.

Performance

On the basis of a box-plot analysis, one participant was la-
beled an outlier and was excluded from further analysis. Due
to too many artifacts in the EEG analysis, two additional par-
ticipants had to be excluded from the analyses, leaving a total
of 101 participants who could be analyzed for all measures.
The scores for prediction bias differed significantly from
50 %, t(100) = 4.5, p < .0005. Generally speaking, the partic-
ipants showed a positive bias, and expected to be liked on
55 % ± 1.1 % (mean ± SEM) of the trials. There was no
significant correlation with the BDI score, r = .003, p =
.978, but a significant correlation with neuroticism was ob-
served, r = –.211, p = .034. This correlation shows that higher
neuroticism scores were associated with a more negative bias
score. The biases did not differ between males (55 %) and
females (55 %), p = .940.

FRN

The grand average waveforms of the ERPs at the three tested
electrode positions are shown in Fig. 1. Statistical analysis of
the FRN amplitudes showed a main effect of electrode posi-
tion, F(2, 200) = 110.5, p < .0005, ηp

2 = .525. Furthermore, an
interaction between expectation and feedback, F(2, 200) =
12.4, p = .001, ηp

2 = .110, was found. Finally, we observed
a three-way interaction between all of the factors, F(2, 200) =
6.9, p = .005, ηp

2 = .064. Follow-up analyses showed that the
FRN amplitude was larger at Fz (M = –2.9μV) than at Cz (M
= –1.5μV), p < .0005, and Pz (M = –0.3μV), p < .0005, and
larger at Cz than at Pz, p < .0005. Furthermore, we found that
the FRN was larger for both unexpected positive (M = –
2.2μV) and unexpected negative (M = –1.9μV) judgments,
as compared to both expected positive (M = –1.1μV), p =
.001, and negative (M = –1.1μV), p = .037, judgments.
Further follow-up analyses showed that the FRN was larger
at Fz for both unexpected positive (M = –3.7 μV) and unex-
pected negative (M = –3.4μV) judgments, as compared to
expected positive (M = –2.1μV), p < .0005, and negative
(M = –2.3μV), p = .018, judgments. At Cz, the FRN was only
larger for unexpected positive judgments (M = –2.3μV) than
for expected positive judgments (M = –1.0μV), p = .001, and
at Pz no significant differences were found. For a summary of
these FRN results, see Fig. 2. In the analyses in which the
neuroticism and depressive symptom scores were entered se-
quentially as covariates, no main or interaction effects were
found of these covariates. In a final analysis, we entered
Gender as a between-subjects factor. In this analysis, a main
effect of gender, F(1, 99) = 6.2, p < .05, ηp

2 = .059, and a
three-way interaction between gender, electrode position, and

feedback, F(2, 198) = 12.9, p < .0005, ηp
2 = .115, were found.

Females (M = –2.0μV) showed a larger FRN than males (M =
–1.0μV). Further follow-up analyses showed that this effect
was only significant for both negative (M = –3.4μV vs.M = –
2.3μV), p = .007, and positive (M = –3.6μV vs. M = –
1.9μV), p = .030, judgments at Fz, and for positive judgments
at Cz (M = –2.3μV vs.M = –1.0μV), p = .014, and Pz (M = –
1.0μV vs.M = 0.2μV), p = .022. To summarize, FRN ampli-
tudes were not affected by neuroticism and depressive symp-
toms scores, but were affected by gender.

P3

P3 amplitudes were first analyzed without covariates, in a
model with Expectation, Feedback, and Electrode Position

Fig. 1 Grand average waveforms for Fz, Cz, and Pz and for expected
(Exp) and unexpected (UnExp) positive (Pos) and negative (Neg) social
feedback. Circles identify the FRN and P3 components on the waveforms
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as within-subjects factors. We found main effects of electrode
position, F(2, 200) = 23.9, p < .0005, ηp

2 = .193, and expec-
tation, F(1, 100) = 13.1, p < .0005, ηp

2 = .116, as well as two-
way interactions between expectation and feedback, F(1, 100)
= 20.5, p < .0005, ηp

2 = .170; between electrode position and
expectation, F(2, 200) = 5.6, p = .012, ηp

2 = .053; and between
electrode position and feedback, F(2, 200) = 4.6, p = .023, ηp

2

= .044. Follow-up analyses showed that the P3 amplitude was
higher at Cz (M = 5.2μV) than at Pz (M = 4.3μV), p < .0005,
and was also significantly higher at Fz (M = 5.0μV) than at
Pz, p < .0005. P3 amplitudes were also higher for expected
positive judgments (M = 5.2μV) than for expected negative
judgments (M = 4.6μV). Further follow-up analyses showed
that for positive judgments, the P3 amplitude was higher when
the judgments were expected (M = 5.7μV) than when they
were unexpected (M = 4.6μV), p < .0005. For negative judg-
ments, expectation did not influence the P3 amplitude. P3
amplitudes were higher when a positive judgment was expect-
ed at Fz (M = 5.5μV vs. M = 4.6 μV), p < .0005; Cz (M =
5.5μV vs.M = 4.9μV), p = .001; and Pz (M = 4.6μV vs.M =
4.2μV), p = .012, but the effect was strongest at Cz and Fz.
The P3 amplitude was higher when a positive judgment was
given, but this effect was not significant at any of the elec-
trodes. The P3 amplitudes for the different stimulus categories
and electrode positions are shown in Fig. 3. In the analyses in
which neuroticism and depressive symptoms scores were en-
tered sequentially as covariates, no main or interaction effects
were found of these covariates. In a final analysis, we entered
Gender as a between-subjects factor. In this analysis, a two-
way interaction between gender and judgment, F(1, 100) =
5.7, p = .019, ηp

2 = .054, was found. Follow-up analyses
showed that only in males did feedback affect the P3 ampli-
tude. Male participants showed a reduced P3 amplitude for
negative judgments (M = 4.9μV), as compared to positive
judgment (M = 5.5μV), p = .010, whereas female participants

did not show this difference (M = 4.7μV vs.M = 4.5μV). To
summarize, depressive symptoms and neuroticism did not af-
fect P3 amplitudes in the present study, but gender did.

Theta power

Time–frequency data are shown in Fig. 4, and the specific
results for both theta and delta power can be found in Fig. 5.
Statistical analyses showed a main effect of expectation, F(1,
100) = 5.8, p = .018, ηp

2 = .055, and a two-way interaction
between expectation and feedback, F(1, 100) = 28.6, p <
.0005, ηp

2 = .223. Judgments preceded by an expectation not
to be liked were associated with slightly more theta power (M
= 1.62 vs. M = 1.52). Follow-up analyses showed that for
Blike^ expectations, theta power was higher for Bdo not like^
judgments (M = 1.47 vs.M = 1.76, p < .0005), and for Bdo not
like^ expectations, theta power was higher for Blike^ judg-
ments (M = 1.62 vs. M = 1.42, p = .001). In other words, the
congruence between expectations and judgments seems to be
the main factor influencing theta power. Analyses with de-
pressive symptoms and neuroticism as covariates did not yield
additional effects, nor did adding Gender as a between-
subjects factor. In other words, theta power was not influenced
by gender, depressive symptoms, or neuroticism.

Delta power

The statistical analyses of delta power showed a main effect of
expectation, F(1, 100) = 11.5, p = .001, ηp

2 = .103, and a two-
way interaction between expectation and feedback, F(1, 100)
= 6.7, p = .011, ηp

2 = .063. Judgments preceded by the expec-
tation to be liked were associated with slightly more delta
power (M = 1.31 vs. M = 1.23). Follow-up analyses showed
that for Blike^ expectations, delta power was higher for Blike^

Fig. 3 P3 amplitudes, as measured at Fz, Cz, and Pz for expected (Exp)
and unexpected (UnExp) positive (Pos) and negative (Neg) social feed-
back. The P3 amplitude is quantified as the average amplitude in an area
between 300 and 400 ms poststimulus

Fig. 2 FRN amplitudes, as measured at Fz, Cz, and Pz for expected
(Exp) and unexpected (UnExp) positive (Pos) and negative (Neg) social
feedback. See the text for further details
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judgments (M = 1.36 vs.M = 1.26, p = .007), whereas for Bdo
not like^ expectations, delta power did not differ between
judgments (M = 1.21 vs. M = 1.24, p > .5). Analyses with
neuroticism and depressive symptoms as covariates did not
yield additional effects. The final analysis with Gender as a
between-subjects factor showed a main effect of gender, F(1,
100) = 7.3, p = .008, ηp

2 = .069, caused by a higher delta
power in males than in females (M = 1.33 vs. M = 1.21).

Interbeat intervals

Cardiac responses are shown in Fig. 6. Analysis of the cardiac
response without the covariates showed a main effect of se-
quential IBI, F(3, 300) = 18.5, p < .0005, ηp

2 = .156; two-way
interactions between expectation and sequential IBI, F(3, 306)
= 8.5, p < .0005, ηp

2 = .079, and feedback and sequential IBI,
F(3, 306) = 4.7, p < .01, ηp

2 = .045; and a three-way interac-
tion between all factors, F(3, 306) = 6.5, p < .005, ηp

2 = .061.
Follow-up analyses showed that IBI 0 differed significantly
from all other IBIs (p < .0005, p < .0005, and p = .003,
respectively, as compared with IBIs 1–3), but no other com-
parisons yielded significant effects. Further follow-up analy-
ses showed that only for judgments in which the participants
expected a Blike^ judgment, and only for IBI 2, p < .0005, and
IBI 3, p = .001, a larger cardiac deceleration was found for a
Bdo not like^ than for a Blike^ judgment. In the analyses in
which neuroticism and depressive symptoms scores were en-
tered sequentially as covariates, no main or interaction effects

Fig. 4 Total time–frequency power, as measured at FCz for expected and
unexpected positive and negative social feedback. The rightmost two
graphs represent the difference between expected positive (Yes–Yes)

and unexpected negative (Yes–No) feedback and the difference between
expected negative (No–No) and unexpected positive (No–Yes) feedback

Fig. 5 Total theta and delta power, as measured at FCz for expected
(Exp) and unexpected (UnExp) positive (Pos) and negative (Neg) social
feedback. See the text for details
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were found of the BDI score. For neuroticism, we found a
three-way interaction between expectation, sequential IBI,
and neuroticism scores, F(3, 300) = 3.4, p = .027, ηp

2 =
.033. Follow-up correlation analyses showed that neuroticism
scores only correlated significantly, r = –.212, p = .033, with
expectations to be liked on IBI 3. Contrary to our expecta-
tions, smaller decelerations were associated with higher neu-
roticism scores. In a final analysis, we entered Gender as a
between-subjects factor. In this analysis we found significant
three-way interactions between gender, sequential IBI, and
expectation, F(3, 300) = 3.6, p = .021, ηp

2 = .035, and between
gender, expectation, and feedback, F(3, 303) = 5.0, p = .027,
ηp

2 = .048. Follow-up analyses showed that, only for males
and only when they received a Blike^ judgment, this judgment
led to a smaller cardiac deceleration when it was expected (M
= –1.8 ms) than when it was unexpected (M = 3.8 ms), p <
.026. Further follow-up analyses showed that, only for males
and only for IBIs 1 and 3, cardiac deceleration differed signif-
icantly between the different expectations. Deceleration was
larger when a Bdo not like^ judgment was expected at IBI 1
(M = 2.2 ms vs.M = 6.1 ms), p = .045, and also larger when a
Blike^ judgment was expected at IBI 3 (M = 5.4 ms vs.M = –
0.3 ms), p = .017. To summarize, depressive symptoms did
not affect the cardiac response, but both neuroticism and gen-
der significantly modulated that response.

Correlations

We computed correlations between our behavioral and psy-
chophysiological measures. Our findings showed that the ex-
pected Blike^ judgments and unexpected Bdo not like^ judg-
ments were the most informative, and therefore we decided to
compute the difference between these two conditions for our
various measures. For the P3, the difference was computed at

Cz. For the FRN and the theta and delta oscillations, the dif-
ference was computed at FCz, and for cardiac deceleration,
the difference was computed at IBI 2. None of the correlations
were significant, except for the correlation between the P3
amplitude and delta oscillations, r = .328, p = .001, in which
larger condition differences between P3 amplitudes were as-
sociated with larger condition differences between delta
oscillations.

Discussion

The main question in this study was whether behavioral and
psychophysiological responses to social evaluative feedback
were associated with neuroticism and depressive symptoms.
The secondary aim of the study was to examine the usefulness
of neural oscillatory dynamic measures in this paradigm. We
found that depressive symptoms as measured with the BDI
were not associated with the psychophysiological responses
to negative social feedback. Neuroticism, on the other hand,
was associated with both the expectancy bias and the cardiac
response to social feedback. Participants scoring higher on
neuroticism showed a more negative expectancy bias and,
unexpectedly, a smaller cardiac decelerative response to social
judgment stimuli in which a Blike^ judgment was expected.
With respect to oscillatory responses, we found that theta
power was related to the expectedness of the response and
closely resembled the FRN. Delta power, on the other hand,
was highest for expected Blike^ judgments and closely resem-
bled the P3 amplitude. Neither delta nor theta power was
related to the subjective measures.

The prediction bias scores and condition effects on both P3
amplitudes and cardiac responses were in line with those from
the studies that have used this task previously. Like most

Fig. 6 Cardiac responses for expected (Exp) and unexpected (UnExp) positive (Pos) and negative (Neg) social feedback. Cardiac responses are shown
for IBIs 0, 1, 2, and 3 and are referenced to IBI –2
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previous studies (Moor, Crone, & van der Molen, 2010; Moor,
van Leijenhorst, et al., 2010; Van der Molen et al., 2013; van der
Veen et al., 2014), we found a slightly positive bias, which shows
that people have a tendency to think that unknown people will
judge them in a positive way, which is in line with the person
positivity effect or Polyanna effect (Matlin & Stang, 1978).

As expected, the FRN amplitude was largest for incongru-
ent social feedback stimuli. This finding is in line with two
earlier studies using the same paradigm (Dekkers et al., 2015;
Van der Molen et al., 2013). In these studies, it was suggested
that the FRN response can be seen as a reflection of a neural
mechanism involved in the early detection of incongruence.
This interpretation is in line with the PRO model (Alexander
& Brown, 2010), in which incongruence between expectation
and outcome is seen as the major source of variance of the
FRN, irrespective of valence.

The P3 amplitude was largest for expected Blike^ judg-
ments on Cz, which is in accordance with our previous study
using this task (van der Veen et al., 2014). Our findings with
respect to P3 amplitudes, however, seem to be at odds with
two other studies that have examined ERP responses in this
task (Dekkers et al., 2015; Van der Molen et al., 2013), which
reported no condition effects on P3 amplitudes. It should be
noted, however, that these two studies did find that the P3 was
largest for expected positive social feedback stimuli, but the
effects were not significant. The lack of significant differences
in these studies was possibly related to differences with re-
spect to the tested samples. For the present study, we used a
sample of both male and female participants, whereas the
studies that did not find condition effects had tested only fe-
males. Social exclusion, which is closely related to the nega-
tive social feedback used in the present study, is reported to be
more important to females than to males (Benenson et al.,
2013). Benenson et al. showed that females experience more
arousal when confronted with exclusion and are faster than
males in detecting social exclusion information. Therefore, it
could be argued that the negative social feedback in this task
could have received more attention from females, who per-
ceived it as being more relevant and having more impact. In
this way, for women the amount of attention paid to negative
social feedback stimuli might have become more equal to the
amount of attention paid to the more rewarding expected pos-
itive feedback stimuli. This might have led to smaller or even
absent differences between the different conditions in the task.
Our results with respect to gender differences confirmed this
by showing that females, when tested separately, showed no
condition effects.

Cardiac deceleration was largest for unexpected Bdo not
like^ judgments, which was completely in line with the pre-
vious studies that had measured cardiac measures in this task
(Dekkers et al., 2015; Moor, Crone, & van der Molen, 2010;
van der Veen et al., 2014). This stronger deceleration has been
related to activation of the dACC (Moor, Crone, & van der

Molen, 2010) and the role of this structure as a neural alarm
system implicated in processing cues of social pain
(Eisenberger & Lieberman, 2004). The cardiac response
seems to have been very consistent over different experiments
and is apparently less sensitive to gender differences than are
P3 amplitudes. However, we did find some subtle effects of
gender on the cardiac response, suggesting somewhat stronger
task effects in males.

With regard to our oscillatory measures, we found that both
measures were useful and could differentiate between condi-
tions. As predicted, theta power was strongest for incongruent,
unexpected social feedback stimuli. Since theta power is
strongly related to the FRN (Cohen et al., 2007), this result
is in line with previous studies reporting a larger FRN for
incongruent judgments (Dekkers et al., 2015; Van der Molen
et al., 2013). Theta oscillations were not dependent on gender,
which can be seen as additional evidence that P3 amplitudes
and theta oscillations reflect different aspects of the task.

As predicted, delta power was largest for expected Blike^
judgments. Our hypothesis was based on earlier studies in
which it had been found that delta power is higher for rewards
than for punishments (Cohen et al., 2009) and our interpreta-
tion of the expected Blike^ judgments as the most rewarding
stimuli in this paradigm (van der Veen et al., 2014). Delta
power was strongly associated with P3 amplitude, which is
in line with earlier studies relating P3 amplitude to delta os-
cillations (Basar et al., 1984).

Depressive symptoms as measured with the BDI did not
influence prediction bias or psychophysiological responses in
this experiment. This was somewhat unexpected, especially
for the prediction bias. According to the cognitive theory of
Beck (1979), depressed patients have a negative cognitive
bias. In the social judgment task, this would have resulted in
a more negative prediction bias for participants scoring higher
on the BDI. The lack of a correlation is possibly related to the
subclinical sample used in the present study, with relatively
low BDI scores. Another possible explanation is that we ex-
amined the association between depressive symptoms and so-
cial rejection in only one direction. In our study, we examined
the level of preexisting depressive symptoms and related this
to the physiological responses, but we did not examine the
effect of social rejection on the development of depressive
symptoms. According to the model of Slavich et al. (2010),
social rejection can be seen as a stressful event that can lead to
the development of depressive symptoms. Interpreted in this
way, more depressive symptoms do not necessarily predict a
stronger response to negative social feedback stimuli, but
more social rejection does predict more depressive symptoms.

Neuroticism was only weakly related to prediction bias and
the cardiac response to expectations to be liked. The finding
that more negative expectations go together with higher neu-
roticism scores was in line with our hypotheses. As we stated
before, neuroticism can be seen as a vulnerability factor for
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major depressive disorder (MDD), and MDD is thought to be
associated with a negative bias (Beck, 1979). The association
between a smaller cardiac deceleration and higher neuroticism
scores was unexpected. We hypothesized that participants
scoring high on neuroticism questionnaires would be more
sensitive to unexpected rejection, and therefore would show
stronger decelerative cardiac responses to this type of stimu-
lus. A possible explanation for this finding is that a social
judgment can be seen as a stressful event, especially when a
positive judgment is predicted. As we argued in our previous
study (van der Veen et al., 2014), people might only get really
involved in the task when they predict that a person likes
them, and only in this case would the task become stressful.
Previous research has shown that people who score higher on
neuroticism show a blunted cardiovascular stress response
(Bibbey, Carroll, Roseboom, Phillips, & de Rooij, 2013;
Chida & Hamer, 2008). The present finding of a smaller car-
diac deceleration for people scoring higher on neuroticism in
our task can possibly be seen as such a blunted cardiovascular
response to stressful events. An anonymous reviewer sug-
gested that the blunted cardiovascular response might also
be related to the association between neuroticism and predic-
tion bias. Participants that score high on neuroticism show a
lower bias, and this might possibly influence the cardiac re-
sponse to the less frequent predictions of positive judgments.
However, it should be noted that less frequent events most
often lead to stronger cardiac decelerations (e.g., Guerra,
Sanchez-Adam, Miccoli, Polich, & Vila, 2016), and therefore
we think the lower probability of events cannot be used as a
straightforward explanation of the found association.

Besides the obvious strengths of a relatively large sample
size and multidimensional outcome measures, this study has
some limitations. The first limitation is that we only tested
subclinical participants, which could be seen as one of the
most important possible causes for a lack of strong correla-
tions between the subjective, performance, and psychophysi-
ological measures. A second limitation was that both depres-
sive symptoms and neuroticism were measured with self-
report inventories, which could have led to socially desirable
answers, and therefore to noisy estimations of depressive
symptoms and neuroticism scores. A final limitation is that
the statistical results were not corrected for multiple compar-
isons, and therefore the weak correlations between our clinical
variables and physiological measures should be evaluated
with caution.

To summarize, we showed that the various measures used
in this experiment were sensitive to different aspects of the
task. P3 amplitude was most sensitive to the rewarding prop-
erties of the predicted Blike^ judgment, whereas cardiac de-
celeration was more sensitive to the Bheart-brake of social
rejection^ (Moor, Crone, & van der Molen, 2010), as reflected
in the large decelerative response to unexpected Bdo not like^
judgments. Theta oscillatory power, on the other hand, was

most sensitive to the congruence of prediction and judgment.
This study also showed that the large individual differences in
predication bias and psychophysiological responses in the so-
cial judgment task are only weakly related to neuroticism and
not related to depressive symptoms. Future research should
focus on different factors in order to explain the large individ-
ual differences found in this task. One important individual
difference in the response to social feedback that should be
explored further in future studies is gender, since various
physiological responses to social feedback were modulated
by gender in this study.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Alexander, W. H., & Brown, J. W. (2010). Computational models of
performance monitoring and cognitive control. Topics in Cognitive
Science, 2, 658–677. doi:10.1111/j.1756-8765.2010.01085.x

Ayduk, O., Downey, G., & Kim, M. (2001). Rejection sensitivity and
depressive symptoms in women. Personality and Social
Psychology Bulletin, 27, 868–877. doi:10.1177/0146167201277009

Banis, S., & Lorist, M. M. (2012). Acute noise stress impairs feedback
processing. Biological Psychology, 91, 163–171. doi:10.1016/j.
biopsycho.2012.06.009

Basar, E., Basareroglu, C., Rosen, B., & Schutt, A. (1984). A new ap-
proach to endogenous event-related potentials in man—Relation
between EEG and P30-wave. International Journal of
Neuroscience, 24, 1–21. doi:10.3109/00207458409079530

Beck, A. T. (1979). Cognitive theory of depression. New York, NY:
Wiley.

Beck, A. T., Steer, R. A., & Garbin, M. G. (1988). Psychometric proper-
ties of the Beck Depression Inventory—25 years of evaluation.
Clinical Psychology Review, 8, 77–100. doi:10.1016/0272-
7358(88)90050-5

Benenson, J. F., Markovits, H., Hultgren, B., Nguyen, T., Bullock, G., &
Wrangham, R. (2013). Social exclusion: More important to human
females than males. PloS One, 8, e55851. doi:10.1371/journal.pone.
0055851

Bibbey, A., Carroll, D., Roseboom, T. J., Phillips, A. C., & de Rooij, S. R.
(2013). Personality and physiological reactions to acute psycholog-
ical stress. International Journal of Psychophysiology, 90, 28–36.
doi:10.1016/j.ijpsycho.2012.10.018

Bosscher, R. J., Koning, H., & Van Meurs, R. (1986). Reliability and
validity of the Beck Depression Inventory in a Dutch college popu-
lation. Psychological Reports, 58, 696–698. doi:10.2466/pr0.1986.
58.3.696

Cavanagh, J. F., Bismark, A. J., Frank, M. J., & Allen, J. J. (2011). Larger
error signals in major depression are associated with better avoid-
ance learning. Frontiers in Psychology, 2, 331. doi:10.3389/fpsyg.
2011.00331

Chida, Y., & Hamer, M. (2008). Chronic psychosocial factors and acute
physiological responses to laboratory-induced stress in healthy

Cogn Affect Behav Neurosci

http://dx.doi.org/10.1111/j.1756-8765.2010.01085.x
http://dx.doi.org/10.1177/0146167201277009
http://dx.doi.org/10.1016/j.biopsycho.2012.06.009
http://dx.doi.org/10.1016/j.biopsycho.2012.06.009
http://dx.doi.org/10.3109/00207458409079530
http://dx.doi.org/10.1016/0272-7358(88)90050-5
http://dx.doi.org/10.1016/0272-7358(88)90050-5
http://dx.doi.org/10.1371/journal.pone.0055851
http://dx.doi.org/10.1371/journal.pone.0055851
http://dx.doi.org/10.1016/j.ijpsycho.2012.10.018
http://dx.doi.org/10.2466/pr0.1986.58.3.696
http://dx.doi.org/10.2466/pr0.1986.58.3.696
http://dx.doi.org/10.3389/fpsyg.2011.00331
http://dx.doi.org/10.3389/fpsyg.2011.00331


populations: A quantitative review of 30 years of investigations.
Psychological Bulletin, 134, 829–885. doi:10.1037/a0013342

Cohen, M. X. (2011). It’s about time. Frontiers in Human Neuroscience,
5, 2. doi:10.3389/fnhum.2011.00002

Cohen, M. X., Elger, C. E., & Fell, J. (2009). Oscillatory activity and
phase-amplitude coupling in the human medial frontal cortex during
decision making. Journal of Cognitive Neuroscience, 21, 390–402.
doi:10.1162/jocn.2008.21020

Cohen, M. X., Elger, C. E., & Ranganath, C. (2007). Reward expectation
modulates feedback-related negativity and EEG spectra.
NeuroImage, 35, 968–978. doi:10.1016/j.neuroimage.2006.11.056

Cristofori, I., Moretti, L., Harquel, S., Posada, A., Deiana, G., Isnard, J., . .
. Sirigu, A. (2013). Theta signal as the neural signature of social
exclusion. Cerebral Cortex, 23, 2437–2447. doi:10.1093/cercor/
bhs236

Dekkers, L.M. S., van der Molen, M. J.W., Moor, B. G., van der Veen, F.
M., & van der Molen, M. W. (2015). Cardiac and electro-cortical
concomitants of social feedback processing in women. Social
Cognitive and Affective Neuroscience, 10, 1506–1514. doi:10.
1093/scan/nsv039

Delaney, H. D., &Maxwell, S. E. (1981). On using analysis of covariance
in repeated measures designs. Multivariate Behavioral Research,
16, 105–123. doi:10.1207/s15327906mbr1601_6

Eisenberger, N. I., & Lieberman, M. D. (2004). Why rejection hurts: A
common neural alarm system for physical and social pain. Trends in
Cognitive Sciences, 8, 294–300.

Eysenck, H. J., & Eysenck, S. B. G. (1975). Eysenck Personality
Questionnaire (EPQ). San Diego, CA: Educational and Industrial
Testing Service.

Guerra, P. M., Sanchez-Adam, A., Miccoli, L., Polich, J., & Vila, J.
(2016). Heart rate and P300: Integrating peripheral and central indi-
ces of cognitive processing. International Journal of
Psychophysiology, 100, 1–11.

Langner, O., Dotsch, R., Bijlstra, G., Wigboldus, D. H. J., Hawk, S. T., &
van Knippenberg, A. (2010). Presentation and validation of the
Radboud Faces Database. Cognition & Emotion, 24, 1377–1388.
doi:10.1080/02699930903485076

Lundqvist, D., Flykt, A., & Öhman, A. (1998). The Karolinska Directed
Emotional Faces—KDEF [CD ROM]. Karolinska Institutet,
Department of Clinical Neuroscience, Psychology section.

Makeig, S., Debener, S., Onton, J., & Delorme, A. (2004). Mining event-
related brain dynamics. Trends in Cognitive Sciences, 8, 204–210.
doi:10.1016/j.tics.2004.03.008

Matlin,M.W., & Stang, D. J. (1978). The Pollyanna principle: Selectivity
in language, memory and thought. Cambridge, MA: Schenkman.

Mies, G. W., van der Veen, F. M., Tulen, J. H., Birkenhager, T. K.,
Hengeveld, M. W., & van der Molen, M. W. (2011). Drug-free
patients with major depression show an increased electrophysiolog-
ical response to valid and invalid feedback. Psychological Medicine,
41, 2515–2525. doi:10.1017/S0033291711000778

Moor, B. G., Crone, E. A., & van der Molen, M. W. (2010). The
heartbrake of social rejection: Heart rate deceleration in response
to unexpected peer rejection. Psychological Science, 21, 1326–
1333. doi:10.1177/0956797610379236

Moor, B. G., van Leijenhorst, L., Rombouts, S. A. R. B., Crone, E. A., &
Van der Molen, M. W. (2010). Do you like me? Neural correlates of
social evaluation and developmental trajectories. Social
Neuroscience, 5, 461–482. doi:10.1080/17470910903526155

Mueller, E. M., Burgdorf, C., Chavanon, M. L., Schweiger, D., Wacker,
J., & Stemmler, G. (2014). Dopamine modulates frontomedial fail-
ure processing of agentic introverts versus extraverts in incentive
contexts. Cognitive, Affective, & Behavioral Neuroscience, 14,
756–768. doi:10.3758/s13415-013-0228-9

Mueller, E. M., Stemmler, G., Hennig, J., & Wacker, J. (2013). 5-
HTTLPR and anxiety modulate brain-heart covariation.
Psychophysiology, 50, 441–453. doi:10.1111/psyp.12016

O’Keeffe, G. S., & Clarke-Pearson, K. (2011). The impact of social media
on children, adolescents, and families. Pediatrics, 127, 800–804.
doi:10.1542/peds.2011-0054

Polich, J. (2007). Updating P300: An integrative theory of P3a and P3b.
Clinical Neurophysiology, 118, 2128–2148. doi:10.1016/j.clinph.
2007.04.019

Roberts, S. B., & Kendler, K. S. (1999). Neuroticism and self-esteem as
indices of the vulnerability to major depression in women.
Psychological Medicine, 29, 1101–1109.

Sanderman, R., Eysenck, S. B. G., & Arrindell, W. A. (1991). Cross-
cultural comparisons of personality—The Netherlands and
England. Psychological Reports, 69, 1091–1096. doi:10.2466/Pr0.
69.8.1091-1096

Santesso, D. L., Steele, K. T., Bogdan, R., Holmes, A. J., Deveney, C.M.,
Meites, T. M., & Pizzagalli, D. A. (2008). Enhanced negative feed-
back responses in remitted depression. NeuroReport, 19, 1045–
1048. doi:10.1097/WNR.0b013e3283036e73

Slavich, G. M., O’Donovan, A., Epel, E. S., & Kemeny, M. E. (2010).
Black sheep get the blues: A psychobiological model of social re-
jection and depression. Neuroscience & Biobehavioral Reviews, 35,
39–45. doi:10.1016/j.neubiorev.2010.01.003

Somerville, L. H., Heatherton, T. F., & Kelley, W. M. (2006). Anterior
cingulate cortex responds differentially to expectancy violation and
social rejection. Nature Neuroscience, 9, 1007–1008.

Sun, S., & Yu, R. J. (2014). The feedback related negativity encodes both
social rejection and explicit social expectancy violation. Frontiers in
Human Neuroscience, 8, 556. doi:10.3389/Fnhum.2014.00556

Thomas, M. S. C., Annaz, D., Ansari, D., Scerif, G., Jarrold, C., &
Karmiloff-Smith, A. (2009). Using developmental trajectories to
understand developmental disorders. Journal of Speech Language
and Hearing Research, 52, 336–358. doi:10.1044/1092-4388(2009/
07-0144)

Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M., Hare,
T. A., . . . Nelson, C. (2009). The NimStim set of facial expressions:
Judgments from untrained research participants. Psychiatry
Research, 168, 242–249. doi:10.1016/j.psychres.2008.05.006

Tucker, D. M., Luu, P., Frishkoff, G., Quiring, J., & Poulsen, C. (2003).
Frontolimbic response to negative feedback in clinical depression.
Journal of Abnormal Psychological, 112, 667–678.

Ullsperger, M., Danielmeier, C., & Jocham, G. (2014). Neurophysiology
of performance monitoring and adaptive behavior. Physiological
Review, 94, 35–79. doi:10.1152/physrev.00041.2012

Van der Molen, M. J., Poppelaars, E. S., Van Hartingsveldt, C. T.,
Harrewijn, A., Moor, B. G., & Westenberg, P. M. (2013). Fear of
negative evaluation modulates electrocortical and behavioral re-
sponses when anticipating social evaluative feedback. Frontiers in
Human Neuroscience, 7, 936. doi:10.3389/fnhum.2013.00936

van der Veen, F. M., van der Molen, M. W., Sahibdin, P. P., & Franken, I.
H. (2014). The heart-break of social rejection versus the brain wave
of social acceptance. Social Cognitive and Affective Neuroscience,
9, 1346–1351. doi:10.1093/scan/nst120

Cogn Affect Behav Neurosci

http://dx.doi.org/10.1037/a0013342
http://dx.doi.org/10.3389/fnhum.2011.00002
http://dx.doi.org/10.1162/jocn.2008.21020
http://dx.doi.org/10.1016/j.neuroimage.2006.11.056
http://dx.doi.org/10.1093/cercor/bhs236
http://dx.doi.org/10.1093/cercor/bhs236
http://dx.doi.org/10.1093/scan/nsv039
http://dx.doi.org/10.1093/scan/nsv039
http://dx.doi.org/10.1207/s15327906mbr1601_6
http://dx.doi.org/10.1080/02699930903485076
http://dx.doi.org/10.1016/j.tics.2004.03.008
http://dx.doi.org/10.1017/S0033291711000778
http://dx.doi.org/10.1177/0956797610379236
http://dx.doi.org/10.1080/17470910903526155
http://dx.doi.org/10.3758/s13415-013-0228-9
http://dx.doi.org/10.1111/psyp.12016
http://dx.doi.org/10.1542/peds.2011-0054
http://dx.doi.org/10.1016/j.clinph.2007.04.019
http://dx.doi.org/10.1016/j.clinph.2007.04.019
http://dx.doi.org/10.2466/Pr0.69.8.1091-1096
http://dx.doi.org/10.2466/Pr0.69.8.1091-1096
http://dx.doi.org/10.1097/WNR.0b013e3283036e73
http://dx.doi.org/10.1016/j.neubiorev.2010.01.003
http://dx.doi.org/10.3389/Fnhum.2014.00556
http://dx.doi.org/10.1044/1092-4388(2009/07-0144)
http://dx.doi.org/10.1044/1092-4388(2009/07-0144)
http://dx.doi.org/10.1016/j.psychres.2008.05.006
http://dx.doi.org/10.1152/physrev.00041.2012
http://dx.doi.org/10.3389/fnhum.2013.00936
http://dx.doi.org/10.1093/scan/nst120

	Thumbs...
	Abstract
	Method
	Participants
	Stimuli and procedure
	Questionnaires
	EEG signal recording
	EEG preprocessing
	Event-related brain potentials
	Time–frequency analysis
	Interbeat intervals
	Statistical analysis

	Results
	Subjective measures
	Performance
	FRN
	P3
	Theta power
	Delta power
	Interbeat intervals
	Correlations

	Discussion
	References


