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Abstract Recent studies have shown that the perceptual pro-
cessing of human faces is affected by context information, such
as previous experiences and information about the person rep-
resented by the face. The present study investigated the impact
of verbally presented information about the person that varied
with respect to affect (neutral, physically threatening, socially
threatening) and reference (self-referred, other-referred) on the
processing of faces with an inherently neutral expression.
Stimuli were presented in a randomized presentation paradigm.
Event-related potential (ERP) analysis demonstrated a modu-
lation of the evoked potentials by reference at the EPN (early
posterior negativity) and LPP (late positive potential) stage and
an enhancing effect of affective valence on the LPP (700–
1000ms) with socially threatening context information leading
to the most pronounced LPP amplitudes. We also found an
interaction between reference and valence with self-related
neutral context information leading to more pronounced LPP
than other related neutral context information. Our results in-
dicate an impact of self-reference on early, presumably auto-
matic processing stages and also a strong impact of valence on
later stages. Using a randomized presentation paradigm, this
study confirms that context information affects the visual pro-
cessing of faces, ruling out possible confounding factors such
as facial configuration or conditional learning effects.

Keywords Face processing . Event-related brain potential
(ERP) . Context . Self-reference . EPN . LPP

Introduction

Human faces are complex visual stimuli that carry different
kinds of information about a person. As well as indications
about age, sex and identity, faces display expressions that are
associated with discrete emotions such as fear, anger and sad-
ness (Ekman, 1992). These emotional expressions are highly
correlatedwith distinct subjective experiences, judged at discrete
categories and are essential for interpersonal and social function-
ing as they allow rapid assessment of a person’s motivational
state (Matsumoto, Keltner, Shiota, O’Sullivan, & Frank, 2008).

The structural complexity of facial stimuli and the impor-
tance of a rapid extraction of facial information for communi-
cation requires a complex and partially specialized
neurocognitive structure for face processing. Stage models of
face processing distinguish between structural encoding of the
immediate perceptual input and later stages that match the stim-
ulus with memory of the person’s identity and emotional ex-
pressions (Bruce & Young, 1986). According to Haxby et al.
(2002, 2007) and Haxby and Gobbini (2011), emotional face
processing involves a network including the occipital face area
(OFA; Puce, Allison, Asgari, Gore, & McCarthy, 1996), the
fusiform face area (FFA; Kanwisher, McDermott, & Chun,
1997) and the posterior superior temporal sulcus (Hoffman &
Haxby, 2000). At the same time, the emotional expression car-
ried by a face affects the visual processing of this stimulus at
various stages of processing. Such affective modulation of face
perception has been observed with behavioral paradigms
(Calvo & Esteves, 2005; Li, Zinbarg, Boehm, & Paller, 2008)
as well as functional magnetic resonance imaging (fMRI;
Fusar-Poli et al., 2009; Sabatinelli et al., 2011; Vuilleumier &
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Pourtois, 2007) and event-related potential (ERP) studies
(Eimer & Holmes, 2007; Schacht & Sommer, 2009).

Although distinct types of facial expressions and emotional
categories are highly correlated and allow a good prediction of
a person’s subjective experience, this association is not always
unambiguous. Contextual features of a person in a specific
situation provide information that may complement or contra-
dict the facial expression (Wieser & Brosch, 2012). Recent
research has shown that such contextual information is not
processed independently from the facial stimulus, but affects
the visual processing of the facial expression (Barrett,
Mesquita, &Gendron, 2011; Righart & deGelder, 2006). This
effect has been demonstrated for contextual features that are
derived from the face itself (e.g., eye gaze: Adams & Kleck,
2003, 2005; Artuso, Palladino, & Ricciardelli, 2012), but also
from surrounding stimuli such as the expression of the body
(Aviezer, Bentin, Dudarev, & Hassin, 2011; Meeren, van
Heijnsbergen, & de Gelder, 2005) and even external stimuli
(e.g., social situations: Kim et al., 2004; Schwarz, Wieser,
Gerdes, Mühlberger, & Pauli, 2012).

The impact of context information on the processing of
facial information depends on the amount of emotional infor-
mation that can be derived from a face. Contextual informa-
tion is particularly powerful when facial expressions are either
ambiguous (Calvo, Marrero, & Beltrán, 2013; Kim et al.,
2004; Neta, Kelley, & Whalen, 2013; Neta & Whalen, 2010)
or not related to any specific emotion (neutral faces: Schwarz,
Wieser, Gerdes, Mühlberger, & Pauli, 2012). For example,
Kim et al. (2004) presented surprised faces as ambiguous
stimuli that were paired with verbal information about the
context that was either positive or negative in valence. Sur-
prised faces that were preceded by negative contextual
sentences elicited greater ventral amygdala activation com-
pared to surprised faces cued by positive sentences. In a social
conditioning study, Davis et al. (2010) paired neutral faces
with a series of affective social unconditioned stimuli (e.g.,
affective sound or sentences representing a positive or nega-
tive outcome). Inherently neutral faces that had been condi-
tioned with positive and negative context cues subsequently
provoked higher activations in the lateral ventral amygdala. In
another experiment by Schwarz et al. (2012), neutral faces
were preceded by contextual sentences comprised of positive
or negative evaluations. In an attempt to activate self-
referential processing, part of these sentences were addressed
directly to the participant. As predicted, contextual informa-
tion biased the subsequent rating of the faces and modulated
neural processing. Notably, the faces that were preceded by
self-referential information were associated with both an in-
creased activity of structures associated with face processing
(right fusiform gyrus) as well as self-referential processing
(medial prefrontal areas). This influence of self-reference on
the perception of stimuli has already been demonstrated in
some earlier experiments, covering different methodological

approaches. Herbert, Herbert, and Pauli (2011), for example,
found augmented amygdala activations for pleasant words
when these words were accompanied by a self-possessive
pronoun, while negative words led to enhanced cortical pro-
cessing for both self- and other-relevant condition s. Another
example is a study by Fields and Kuperberg (2012), who also
suggest an interactive influence of self-relevance and emotion.

Next to behavioral experiments and fMRI studies, electro-
encephalographic (EEG) examinations have studied context
effects on affective face processing with the advantage of high
temporal resolution. There is considerable evidence that ERPs
which are associated with stimulus processing are affected by
emotional information. For example, Righard and de Gelder
(2006) showed that the N170, a prominent component that is
reliably triggered by face stimuli, is modulated by the context
surrounding the face. In addition, the N170 seems to be most
pronounced when a facial expression is consistent with the
emotional information provided by the background scenery
of a picture (Righart & de Gelder, 2008). The N170 has been
associated with early-stage facial picture processing (Eimer,
2000, 2011; Rossion & Jacques, 2012; Rossion et al., 2000)
and linked to the structural coding process in the model pro-
posed by Bruce and Young (1986). The modulation of N170
through the interaction of context information and facial expres-
sion contradicts this assumption and indicates that the process-
ing of contextual information and facial expression is not limit-
ed to later stages but operates at all phases of face processing.
However, the alternative explanation that N170 modulation has
not been caused by the emotional information but by confound-
ing physical features of the contextual background pictures or
face expressions cannot be ruled out from this study. To over-
come this limitation, other experiments provided contextual
emotional information independently of the visual stimulation
that provided the ERP. In a study by Diéguez-Risco, Aguado,
Albert and Hinojosa (2013), participants were instructed to look
at pictures of angry or happy faces, which were preceded by an
emotionally matching (e.g., a sentence describing a happy situ-
ation paired with a happy face) or contradicting contextual sen-
tence (e.g., a happy situation paired with an angry face). How-
ever, the findings from this study did not confirm the context
modulation of the N170 as the context effect was limited to a
later component, the so-called late positive potential (LPP). The
LPP typically starts approximately at 300 ms after stimulus
onset and lasts up to several seconds post-stimulus (Hajcak,
Dunning, & Foti, 2009). It has been associated with emotional
processing of faces and other stimuli in a motivated attention
framework (Frenkel & Bar-Haim, 2011; Hajcak et al., 2009; H.
T. Schupp, Öhman, et al., 2004), and in particular with decoding
and appraisal of affective meaning (H. T. Schupp, Flaisch,
Stockburger, & Junghöfer, 2006; Wessing, Rehbein, Postert,
Fürniss, & Junghöfer, 2013).

In a further study on affective context effects, Wieser and
colleagues (2014) investigated the influence of verbal
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descriptions about the target person on the processing of neutral
faces. The descriptions had different affective valences (nega-
tive, neutral, and positive) and were either directed to the par-
ticipant (self-relevant; e.g., BShe thinks your comment is
stupid^) or directed to another person (other-relevant; e.g., BShe
thinks his comment is stupid^). In this study self-reference but
not the valence affected the LPP, while an earlier component,
the early posterior negativity (EPN), which the authors identi-
fied 220–300 ms post-stimulus in two temporo-occipital clus-
ters, was affected by valence (Wieser et al., 2014). The EPN has
generally been associated with enhanced emotional processing
(Hajcak, MacNamara, & Olvet, 2010). Wieser and colleagues,
to our knowledge, conducted one of the first studies to examine
the interaction of self-reference and affective context variables
on the processing of neutral faces using ERP analyses, allowing
inferences about the specific stages at which these context var-
iables influence neutral face processing. It would be interesting
to further investigate the different stages of face processing to
get more information about when the context information is
integrated and if self-reference plays a crucial part in this pro-
cess when the context information is given in advance.

So far, studies on emotional modulation of visual stimuli
have either distinguished between emotional and non-
emotional or between positive, negative and neutral stimuli.
This categorization of emotional valence is a simplified clas-
sification of the potential emotional meaning of stimuli that
does not represent the complexity of emotional perception.
We assume that at least one further discrimination of negative
stimuli is important, i.e., the differentiation between stimuli
that carry a social versus a physical threat. Theories of social
motivations (Baumeister & Leary, 1995) propose that social
threats, i.e., threats of rejection and degradation, may be as
stressful as physical threats that indicate a risk to life and limb.
Indeed, indications of social exclusion cause intense emotion-
al, physiological and behavioral stress responses (MacDonald
& Leary, 2005). While some authors point out the conver-
gence between social and physical threat reactions in thought,
emotion and behavior (Macdonald & Leary, 2005), others
challenge this view by arguing for a specificity of social stress
reactions (for a discussion see Corr, 2005; MacDonald &
Leary, 2005). Ameta-analysis of studies including experimen-
tal stress tests even proposed that one of the main reasons for
amplified release of stress hormones like cortisol is the social
component (Dickerson, Gruenewald, & Kemeny, 2004). The
study of the shared and distinct mechanisms underlying the
reactions to social and physical threats is still in its infancy and
only few researchers directly compared reactions to these two
kinds of threat. A recent example is the study by Wabnitz and
colleagues (2012), who found differences in an early ERP
component (socially threatening words elicited an augmented
P100 amplitude compared to positive and physically threaten-
ing words) in a passive-viewing paradigm. To our knowledge,
there is no study that used pictures or faces in order to compare

reactions to social and physical threats. All in all, there is
reason to further examine the differential processing of social-
ly and physically threatening stimuli. While there certainly is
an overlap between this two types of threat (e.g., physical
threat could also lead to the belief of social exclusion), there
is some evidence that there might be processing steps that are
specific for each type of threat.

Since facial expressions are of substantial importance for
interpersonal interactions (e.g., Morel, Ponz, Mercier,
Vuilleumier, & George, 2009; Wieser & Brosch, 2012) we
predict that the social component is especially important for
face processing and that the affective modulation of facial
perception does not occur with negative information per se,
but preferentially in relation to social threats. To test this as-
sumption, contextual sentences that differed in three classes of
emotions (physically threatening, socially threatening, neu-
tral) were presented. The emotional information was present-
ed as written statements preceding faces with neutral expres-
sions. As a second factor, we varied the self-referential aspect
of the context sentences by directing these statements to the
participant or to other persons. By randomly pairing sentences
and faces in each trial of the experiment, the focus of interest is
on the one-time and short-term influence of context informa-
tion about a person rather than on learning effects. The affec-
tive context modulation effect has been repeatedly demon-
strated for the LPP (Foti & Hajcak, 2008; Macnamara, Foti,
& Hajcak, 2009; Macnamara, Ochsner, & Hajcak, 2011;
Wieser et al., 2014) and, in a similar study by Wieser et al.
(2014), also for the EPN. In addition, we have theoretical
reason to assume that socially threatening information
may be particularly relevant, since it leads to distinct acti-
vations compared to other emotional stimuli (Wabnitz et al.,
2012). Following these previous findings and assumptions,
we predicted a significant modulation of the EPN and LPP.
We assumed a general enhancement of the components by:
(1) threatening context information and (2) self-relevant
context information. Furthermore, we predicted that socially
threatening context information led to the most pronounced
amplitudes and assumed an interaction between self-
reference and valence, with self-reference intensifying the
processing of threatening information. Since there is no
direct evidence for modulation of N170 by emotional con-
text information, it was analyzed using an explorative
approach.

Method

Subjects

The participant pool comprised 35 healthy individuals were
recruited through the university campus bulletin boards. Six
participants had to be excluded from later analyses because of
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technical errors in the data-recording process at an earlier stage.
The mean age of the remaining twenty-nine participants was
27.52 years (SD = 5.38, range 21–44; 21 females). All subjects
were undergraduate students who received either course credits
or financial benefits for participation and had normal or
corrected-to-normal vision. In order to make sure that the partic-
ipants had no current or known lifetime history of axis I DSM-IV
psychiatric disorders (American Psychiatric Association, 2000),
a structured clinical interview (the German version of the Mini-
International Neuropsychiatric Interview (M.I.N.I., Ackenheil
et al., 1999; Lecrubier et al., 1997; Sheehan et al., 1998)) was
applied prior to the experiment. No other inclusion or exclusion
criteria were applied. All subjects received and signed informed
consent forms before the experiment, and the experimental pro-
cedure was approved by the ethics committee of Bielefeld Uni-
versity. The study conformed to the declaration of Helsinki.

Stimulus material

Photographs of faces of 22 different Caucasian individuals (11
females) were taken from the Radboud Faces Database
(RFDB; Langner et al., 2010). The RFDB offers a variety of
different facial expressions, representing different emotions,
as well as neutral facial expressions, all of them presented at
different camera angles. For the present study, only neutral
faces with frontal orientation were included. The pictures were
resized to a resolution of 371 × 556 pixels. There was no
further standardization in terms of contrast or luminance, since
the randomized presentation of all faces would rule out all
possible systematic influences.

The context stimuli consisted of 18 sentences from three
different emotional categories (physically threatening, social-
ly threatening, and neutral) and were couched in a self-
referred and other-referred fashion as well (e.g., BHe wants
to hit you^ vs. BHe wants to hit someone^). Physically threat-
ening sentences described situations where an aggressor in-
tends to conduct actual physical violence or is uttering violent
threats (e.g., BEr will dir die Fresse polieren^, translated as
BHe wants to smash your face in^). Socially threatening
sentences were focused on intimidation or the impending loss
of social belonging or rank (e.g., BSie findet dich abstoßend^,
translated as BShe finds you abhorrent^). Neutral sentences
were characterized by description of non-judgmental or non-
threatening behaviors or situations (e.g., BEr sitzt neben dir^;
translated as BHe is sitting next to you^). All sentences had
been rated previously as part of a larger sentence set according
to valence and arousal using the German version of the Self-
Assessment Manekin (SAM; Bradley & Lang, 1994) by uni-
versity students who received either course credits or a finan-
cial bonus for their participation. The SAM is a non-verbal,
pictorial assessment technique that enables measurement of
valence, arousal, and dominance. It is available in 5-, 7-, and
9-point scales. In the current experiment, the domains valence

and arousal were used with 5-point scales. The six physically
and socially threatening sentences that gained the highest
values on the valence and arousal domains and the six neutral
sentences with the lowest arousal values and most mid-level
ratings for valence were chosen for further analysis. The self-
referred and other-referred sentences of the emotionally valent
sentences differed significantly from each other on both do-
mains (p < .01), whereas the neutral sentences only differed on
the arousal domain (socially threatening self- vs. other-
referred: arousal t(10) = 9.53 p < .001, valence t(10) = 10.47
p < .001; physically threatening self- vs. other-referred: arous-
al t(10) = 7.43 p < .001, valence t(10) = 5.25 p < .001; neutral
self- vs. other-referred: arousal t(10) = 4.95 p < .01, valence
t(10)= -1.13 p = .29). When compared between emotional
categories, the physically threatening and socially threatening
sentences did not differ from each other while diverging sig-
nificantly on both domains from the neutral sentences (phys-
ically vs. socially threatening: arousal t(22) = −0.99 p = .33,
valence t(18.89) = −0.53 p = .60; neutral vs. physically
threatening: arousal t(13.96) = 11.50 p < .001, valence
t(14.08) = 11.70 p < .001; neutral vs. socially threatening:
arousal t(12.79) = 7.92 p < .001, valence t(12.35) = 7.35 p <
.001). With regard to sentence length, the amount of charac-
ters per sentence did not differ significantly, F(2,15) = 0.26, p >
0.05. Detailed characteristics of the stimuli statistics are
displayed in Table 1, the complete (translated) stimulus set is
provided as an Appendix.

Stimulus presentation

For the presentation of the experiment, the software package
Inquisit 4.0.3 (Millisecond Software, Seattle, WA, USA) was
used. The experiment was shown on a 19-in TFT-monitor (60-
Hz refresh rate), which was located approximately 60 cm in
front of the participant. The participants were asked to focus
their attention on the center of the screen and just passively
view the displayed pairs of faces and sentences. The paradigm
was an adaption to the paradigms implemented by Kim et al.
(2004) and Schwarz et al. (2012). For a schematic example of
an experimental trial, see Fig. 1. Each sentence (self-referred/
physically threatening, self-referred/socially threatening, self-
referred/neutral, other-referred/physically threatening, other-
referred/socially threatening, other-referred/neutral) was
pseudo-randomly paired with one of the 22 faces, each sen-
tence was automatically worded in an appropriate gender-
specific fashion (e.g., female face – female personal pronoun).
Since the experimental setting itself did not seem to provoke
any distractions that may cause problems in focusing on the
screen, we did not include a fixation cross in our design. In
order to ensure that differences in the ERPs are only caused by
the influence of the sentences, there was no fixed combination
of any face-sentence pair. The experiment consisted of six
blocks, each block contained 48 randomly chosen trials,

Cogn Affect Behav Neurosci (2015) 15:736–748 739



leading to a total number of 288 trials. Each trial started with
the presentation of a sentence for 2900 ms (inter-stimulus-
interval randomized between 900 and 1500 ms), followed
by a face which was presented for 500 ms. The intertrial-
interval consisted of an empty gray background and varied
randomly between 1900 and 2600 ms. Between each block,
there was a short break for approximately 2 min. Thirty mi-
nutes after the experiment, the subjects were asked to attend
an unexpected recall task as a measurement of attention. The
participant’s task was to determine which faces in a list of
faces were actually part of the experiment.

Electrophysiologic recordings

EEG was recorded using a BioSemi Active-Two system with
128 electrodes and a sampling rate of 512 Hz. Impedance was

kept at 20 kΩ. Vertical and horizontal electro-oculograms
(VEOG and HEOG) were recorded for later offline correction
of artefacts related to eye movements and blinks. Data acqui-
sition was done with ActiView 7.03. After recording, data
were further processed with SPM8 (Ashburner, Barnes, &
Chen, 2012). This included re-referencing to the average of
all electrodes, segmentation (200 ms pre- to 1000 ms post-
stimulus), filtering (high-pass = 0.166 Hz, low-pass =
30 Hz), baseline-correction (−100 ms to 0 ms pre-stimulus)
and artefact correction (threshold method in order to identify
blinks and movements). In accordance with the SPM (Statis-
tical Parametric Mapping) 8 guidelines (Ashburner et al.,
2012), a threshold of 150 microvolts was applied. The robust
averaging technique in SPM was used to compute average
EEG epochs for each stimulus category for each person sep-
arately. According to Litvak, Mattout, Kiebel, et al. (2011),

2900 ms

900 – 1500 ms

500 ms

1900 – 2600 ms

ISI

ITI

She wants to criticise someone.

Table 1 Mean valence and arousal ratings for the three different sentence classes

Contextual valence Self Other Overall

Valence M(SD) Arousal M(SD) Valence M(SD) Arousal M(SD) Valence M(SD) Arousal M(SD)

Physical threat 4.30 (0.11) 3.74 (0.11) 3.82 (0.19) 2.83 (0.28) 4.06 (0.29) 3.29 (0.52)

Social threat 4.38 (0.14) 3.65 (0.12) 3.58 (0.13) 2.44 (0.29) 3.98 (0.44) 3.05 (0.67)

Neutral 2.98 (0.14) 1.60 (0.15) 3.05 (0.07) 1.32 (0.08) 3.02 (0.11) 1.46 (0.19)

High values in the valence dimensions stand for negative valence, low values for a positive rating. For the arousal-domain, higher values indicate a higher
arousal
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this method downweighs artefactual outliers in the data. An
advantage of this method is that the influence of artefactual
data to the averaged data can be close to zero without having
to reject whole trials. Relevant ERP components for further
analyses were defined on the basis of similar earlier studies
working with facial expressions (Eimer, 2000; Schacht &
Sommer, 2009; H. T. Schupp, Öhman, et al., 2004) and visual
inspection of the data. The following components were cho-
sen for further analyses: N170 as a component of early visual
processing (Eimer, 2000), EPN as an indicator for enhanced
emotional processing (Schacht & Sommer, 2009), and LPP as
a component for later, motivated visual processing (H. T.
Schupp, Öhman, et al., 2004).

Statistical analysis

EEG scalp-data were statistically analyzed with EMEGS
(http://www.emegs.org/, Peyk, De Cesarei, & Junghöfer,
2011). For statistical analyses 2 (self-reference: self-related
vs. other-related) by 3 (valence: socially threatening, neutral,
and physically threatening) repeated measures ANOVAs were
set up to investigate interaction effects between block and
condition in time windows and electrode clusters of interest.
Effect sizes were calculated for all interaction effects (Cohen,
1988). Time windows were segmented to detect early differ-
ences on the N170 (140–170 ms) and EPN component (220–
350 ms) (see H. T. Schupp, Öhman, et al., 2004; Wieser et al.,
2014; Wieser, Pauli, Reicherts, & Mühlberger, 2010). As vi-
sual inspection of the electrode waveforms indicated an off-
response to the disappearance of the faces after 500 ms, lasting
up to 670 ms, we subdivided this component into an early
(400–500 ms) (see Adolph, Meister, & Pause, 2013; H. T.
Schupp, Junghöfer, Weike, & Hamm, 2004) and a late section
(700–1000 ms) (see H. Schupp et al., 2004) of the LPP.

For the N170 and the EPN time windows, two symmetrical
occipital clusters of 11 electrodes around P7 and P8 (see H. T.
Schupp, Öhman, et al., 2004; Wieser et al., 2014, 2010) were
examined (left: I1, OI1, O1, PO9, PO9h, PO7, P9, P9h, P7,
TP9h, TP7; right: I2, OI2, O2, PO10, PO10h, PO8, P10,
P10h, P8, TP10h, TP8; see Fig. 2). Late positive potential
topographies have been found to vary, with some authors
reporting more parietal and others more fronto-central distribu-
tions, or even both in one study (Kissler, Herbert, Winkler, &
Junghofer, 2009; Schindler, Wegrzyn, Steppacher, & Kissler,
2014). Since the present data revealed differences at both the
fronto-central and parietal sites (see Figs. 4 and 5), two elec-
trode groups of interest were analyzed for this component. For
the LPP time windows a large fronto-central cluster of 33 elec-
trodes (F1, Fz, F2, FFC3, FFC1, FFCz, FFC2, FFC4, FC3,
FC1, FCz, FC2, FC4, FCC3, FCC3h, FCC1, FCC1h, FCCz,
FCC2h, FCC2, FCC4h, FCC4, C5h, C3, C3h, C1, C1h, Cz,
C2h, C2, C4h, C4, C6h) and a large centro-parietal cluster of 27
electrodes were investigated (CCP3, CCP3h, CCP1, CCP1h,

CCPz, CCP2h, CCP2, CCP4h, CCP4, CP3, CPz, CP4, CPP3,
CPP3h, CPP1, CPP1h, CPPz, CPP2h, CPP2, CPP4h, CPP4,
P3, P1, Pz, P2, P4, PPO1, PPOz, PPO2).

Behavioral data

Thirty minutes after the experiment, the individuals were
asked to fill out a recognition test containing faces of 47 dif-
ferent persons. The amount of correctly remembered faces
was used as a measurement for attention during the experi-
ment. An outlier analysis was conducted with IBM SPSS Sta-
tistics 22.

Results

Behavioral data

The outlier analysis revealed that there were no outliers in the
data that exceeded one standard deviation. Therefore, it was
concluded that, overall, the participants paid equal attention to
the task. The mean value of correctly remembered faces (22
possible hits) was 16.86 (SD = 3.14).

Event-related brain potentials (ERPs)

N170

There was a significant main effect of laterality for the face-
evoked ERPs (F(1, 28) = 5.23, p < .05, partial η2 = .16), which
was based on a larger negative deflection of the N170 over the

Fig. 2 Selected electrode clusters for all time windows. Selected
electrodes are highlighted by color
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right electrode cluster. All other main and interaction effect
tests were insignificant (all p’s > .20).

Early posterior negativity (EPN)

In the EPN amain effect of self-reference was found (F(1, 28) =
5.26, p < .05, partial η2 = .16). Here, self-related faces evoked
a larger EPN compared to other-related faces (see Fig. 3).
Again, a main effect of laterality was found (F(1, 28) = 9.00,
p < .01, partial η2 = .24), where over the right electrode cluster
a larger positivity was observed. All other main and interac-
tion effect tests were not significant (all p’s > .20).

Early late positive potential (LPP)

In the early LPP time window (400–500 ms) processing of
neutral faces was modulated trend-like by the self-reference
and valence of the preceding sentences over fronto-central
regions, while over the parietal cluster an interaction between
self-reference and valence was found.

For the fronto-central cluster, a trend for a main effects of
self-reference (F(1, 28) = 3.29, p = .08, partial η2 = .11) and
valence (F(2, 56) = 2.49, p = .09, partial η2 = .08) was found,
while there was no interaction between the two (F(1.67, 46.65) =
0.10, p = .87, partial η2 < .01).

Centro-parietally there was a significant interaction be-
tween self-reference and valence (F(2, 56) = 3.19, p < .05,
partial η2 = .10). However, despite a trend-like larger positiv-
ity for self-related neutral compared to other-related neutral
sentences (p = .08), post-hoc comparisons were insignificant
on socially threatening (p = .14) and physically threatening (p

= .16) sentences. Centro-parietally no main effects of self-
reference (F(1, 28) = 0.75, p = .39, partial η2 = .03), and valence
(F(2, 56) = 0.02, p = .98, partial η2 < .01) were found.

Late LPP

For the late stage of the LPP (700–1000 ms), main effects of
self-reference and valence of the preceding sentences were
found fronto-centrally, while again an interaction between
both factors occurred over centro-parietal locations.

Over fronto-central locations, a significant main effect for
self-reference occurred (F(1, 28) = 10.62, p < .01, partial η2 =
.28), which was due to a larger LPP for self-related faces
compared to other-related faces (see Fig. 4). Furthermore,
there was a main effect of valence (F(2, 56) = 3.32, p < .05,
partial η2 = .11). Post-hoc comparisons showed a larger LPP
for faces after socially threatening sentences compared to
physically threatening (p < .05) and neutral sentences (p <
.05), the latter two not differing from each other (p = .85).
There was again no interaction fronto-centrally (F(2, 56) =
0.12, p = .89, partial η2 < .01).

For the parieto-central cluster however, a significant inter-
action between self-reference and valence was found (F(2, 56)

= 5.88, p < .01, partial η2 = .17; see Fig. 5). Similar to the early
LPP time window, a significantly larger positivity was found
for self-related neutral compared to other-related neutral (p <
.05) sentences. The different self-reference conditions did not
differ with socially threatening (p = .07), or physically threat-
ening sentences (p = .45). Finally, no main effects of self-
reference (F(1, 28) = 0.75, p = .39, partial η2 = .03) and valence
(F(2, 56) = 0.02, p = .98, partial η2 < .01) were found.

Fig. 3 Early posterior negativity (EPN) main effect of self-reference. (a)
Difference in topographies between self-related and other-related faces:
Blue indicates more negativity and red more positivity for the self-related

context. (b) Selected electrode P8 displaying the time course for both
context manipulations over right-parietal sites
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Fig. 5 Centro-parietal interaction between self-reference and valence in
the late late positive potential (LPP) (700–1000 ms). (a) Difference in
topographies between self-related and other-related faces for the
comparison of neutral and socially threatening sentences and neutral

and physically threatening sentences. Blue indicates more negativity
and red more positivity for the respective difference. (b) Mean
amplitudes in microvolt for the centro-parietal sensor cluster in the late
LPP time window

Fig. 4 Fronto-central main effects of self-reference and valence in the
late late positive potential (LPP) (700–1000 ms). (a) Left: Difference in
topographies between self-related and other-related faces. Blue indicates
more negativity and redmore positivity for the self-related context. Right:
Selected electrode FCz displaying the time course over fronto-central

sites. (b) Left: Difference in topographies between socially threatening,
neutral, and physically threatening sentences. Blue indicates more
negativity and red more positivity for the respective difference. Right:
Selected electrode FCz displaying the time course for all conditions
over fronto-central sites
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Discussion

In the present study we found that the cortical processing of
inherently neutral faces depends on the context of the presen-
tation of the face. The association of the face with socially
threatening information causes a strong modulation of the
ERPs starting at about 700 ms after stimulus onset. In accor-
dance with our expectations and with previous findings, we
could find strong modulations depending on the self-
referential formulation of the context information at both early
(EPN) and later (LPP) stages of face processing.

The affective modulation revealed in this study was re-
stricted to the LPP, and could be observed from 700 ms and
on. The LPP is related to attentional processes that depend on
the motivational significance of the stimulus (Hajcak, Wein-
berg, & Foti, 2012). While previous studies showed that the
emotional expression of faces modulates cortical processing
(Kolassa &Miltner, 2006; Li et al., 2008; Schacht & Sommer,
2009), the current study established emotional valence
through second-hand information, i.e., descriptive affective
sentences. In line with the recent findings of Wieser et al.
(2014), who used a similar paradigm, we confirmed that af-
fective context information is sufficient to cause a modulation
of the cortical correlates of face processing. Since the stimuli
that were associated with different emotions were physically
identical, both studies prove that face perception depends on
the emotional valence associated with a face and that this
effect cannot be merely attributed to differences in structural
encoding caused by confounding physical features. The ob-
served modulations are most likely a result of a top-down
regulation of a higher order alerting system. Insights from
recent fMRI studies (Sabatinelli et al., 2011; Schwarz et al.,
2012) suggest differences in the activation of prefrontal and
fusiform gyrus brain areas as indicators for a top-down mod-
ulation of social and face perception. In addition to this, Liu
et al. (2012) conducted simultaneous recordings of EEG and
fMRI and could show that the LPP is generated and influ-
enced by a wide brain network, including cortical and subcor-
tical structures typically associated with visual and emotional
processing and that the modulation of the LPP is valence
specific.

Beyond the effects related to the mere arousal or negativity
of the stimulus, we confirmed that the processing of faces is
particularly sensitive to social context information. In the later
LPP time frame (700–1000 ms), post-hoc analyses revealed
augmented amplitudes for socially threatening context stimuli
in comparison with both physically threatening and neutral
stimuli, while amplitudes of physically threatening stimuli
and neutral stimuli did not differ from each other. Hence,
our results indicate that inherently neutral faces that have been
associated with socially threatening information are preferen-
tially processed in comparison to neutral and physically
threatening contexts. This context-based affective influence

is a rather new finding; previous findings were either restricted
to other types of visual stimuli (pictures: Macnamara et al.,
2011) or affective differences in the facial expressions (Duval,
Moser, Huppert, & Simons, 2013). As neither arousal nor
valence ratings of the context sentences indicated a difference
between physically and socially threatening sentences, our
results indicate that the observed differences in LPP to faces
seem to be specifically related to social affective information
rather than just to arousing or negative stimuli in general,
regardless of their meaning. This finding fits the assumption
that faces are of most eminent importance for social commu-
nication (Wieser & Brosch, 2012). In this context, it may be
suggested that processing of ambiguous (i.e., neutral) faces is
most notably modulated by socially relevant context stimuli
versus other types of context stimuli.

We also found an interaction between self-relevance and
emotional valence. Neutral context stimuli evoked a larger late
positivity than affective context stimuli when they were
couched in a self-relevant manner. Similar findings have been
reported by Fields and Kuperberg (2012), who found that self-
relevant neutral sentences lead to a comparably higher late
positive potential. Following a line of argument established
by Fields and Kuperberg (2012), a self-relevant context leads
to a higher motivation for subjects to disambiguate the valence
of the neutral face. In comparison with faces that were paired
with emotionally valent contest stimuli, those presented with
neutral context information remain, in comparison, still more
ambiguous, thus demanding additional processing. This is in
line with the assumption of Hirsh and Inzlicht (2008) who
argued that stimuli with an ambiguous valence cause process-
ing resources to be oriented towards such stimuli in order to be
able to fully elevate the motivational relevance of the stimuli.

Our findings are in line with Wieser et al. (2014) insofar
that both studies found a large modulation of the LPP by the
self-reference of the stimulus. In addition to this result, we also
found an affective modulation of the LPP by the socially
threatening stimuli. Regarding the EPN, we could confirm a
modulation of the EPN by self-reference. At the same time
Wieser et al. found an affective modulation of the EPN which
was not confirmed by our study. A possible explanation for
these partly overlapping, partly differing findings could be the
differences in both paradigms. While we randomly paired the
faces with sentences, Wieser et al. paired every face with a
specific emotional category and repeatedly presented the face
within a specific affective context. This could have led to a
more intense conjunction of face and emotion as it represents a
learning process, while our paradigm did not involve this
aspect. It seems important to consider that the stimuli which
were used for the ERP were neutral faces that miss inherent
affective valence and only acquired a proposed valence
through prior experience. MacNamara et al. (2011) suggested
that context information may need some time to modulate the
information processing, this could especially be crucial for
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context information that is only presented once and could
explain the different findings at the EPN stage. Our results
specifically indicate an enhancing impact of self-reference,
with self-referent context cues leading to an augmented nega-
tivity. A possible interpretation is that self-referent context
information leads to more intense early (EPN) and also later
(LPP) processing. It is possible that the social stimuli that were
used in our experiment had a higher potential to modulate the
LPP in comparison with the sentences used by Wieser et al.
The socially threatening sentences used in our study may have
been perceived with high self-reference even if they are not
directly addressed to the subject, while other negative
sentences such as those used by Wieser et al. may need an
augmentation through self-reference.

Contrary to a previous study (Diéguez-Risco et al., 2013),
we could not find any effect on N170. These components
represent early visual processing, and the strict exclusion of
a confound with physical features may have prevented detec-
tion of differences in these early analytic steps (Eimer &
Holmes, 2002; Vuilleumier & Pourtois, 2007). Other studies
also found that the N170 and previous components are unaf-
fected by emotional faces (Schacht & Sommer, 2009; H. T.
Schupp, Öhman, et al., 2004).

This study is limited by several factors. The implemented
passive viewing paradigm is useful in that it provides a stan-
dardized, economic way of measuring the influence of context
information on the processing of visual stimuli. However, it
does not generate an atmosphere that is fully comparable to
social situations. It is also not clear how well the self-
referential variations were actually perceived by the experi-
mental subjects. In order to gain more validity (both internal
and external), it would be helpful to create paradigms that
involve realistic experimental situations and feedback-
mechanisms to make sure that the targeted stimulus-related
variations are valid. Whilst the present study manages to pre-
vent influences of structural differences of faces that are solely
used in one or another category of the used stimuli, it remains
unclear whether there are between-subject factors that are im-
portant for the research question. For example, it would be
highly interesting to know to what extent factors such as pre-
vious social experiences or psychopathology, especially in the
field of social anxiety or other anxiety disorders, influence the
impact of (negative) context information on the processing of
social situations. Future studies should include at least two
groups, for example a group comprising of persons with
social anxiety disorder (SAD) and a control group. In line
with results reported by Wieser et al. (2014), the affective
ratings of the context sentences indicate that self-reference
was confounded with the perceived arousal and valence of
the stimuli. With regard to valence effects, patterns of the
ERP cannot be attributed to differences in affective ratings
of the sentences. As there were no differences in valence or
arousal ratings between socially and physically threatening

sentences, ERP data suggests a more pronounced activation
for faces put in a socially threatening context. The observed
differences in arousal ratings in the self- versus other-relevant
context stimuli are, however, reflected in main and interaction
effects in the ERP data. Therefore, it may be suggested that
these differences are not merely related to self- or other-rele-
vance, but to the differences in inherent arousal of the stimuli.
It must be emphasized that the only part of the sentences that
differed between self- and other-relevant sentences is the part
which directs the sentence to the person or to another person
(you/someone). Thus, it is highly unlikely that there is any
other difference between these two sentences other than the
self-relevance. Accordingly, differences in arousal are induced
by self-relevance and therefore modulations in ERP are con-
nected to those differences. Different patterns of results in our
study suggest that the observed results represent more than
just mere differences in arousal and valence of the initial con-
text stimuli, but that modulations in self-relevance lead to
distinct processing when used as social context information.
However, based on our data we are not able to distinguish to
what extent the effects of self-reference are mediated by arous-
al. Another limitation is the lack of obtained affective rating
for the supposedly neutral faces. We do not know if and how
the actual evaluation of the faces changed during the
experiment due to the contextual manipulation. The results
of Wieser et al. (2014) suggest an influence of repeatedly
presented affective context information of a specific valence
on neutral faces; it would be interesting to know how the
random pairing which was implemented in our experiment
impacted on the affective value of the different neutral faces.
In order to solve this issue, it would be helpful to collect
affective ratings at different time points of the experiment.
An additional limitation is the possible overlap between phys-
ically and socially threatening context cues. While physically
threatening information may often also be considered as a
threat to social integrity, socially threatening context cues are
not automatically physically threatening and may therefore
initiate different processing, which is confirmed by our results.
In order to further control this possible confounding factor, an
additional rating of subjective feelings of threat on both do-
mains could be beneficial.

Taken together, the results of the current study are largely
consistent with other recent publications and underline the
influence of affective second-hand information on the visual
processing of inherently neutral faces. The clinical implica-
tions are limited, however, since social situations are rarely
solely neutral and without any affective visual information.
Therefore, future research should focus on the influence of
second-hand information on different affectively biased
stimuli, such as affective faces. It would be worthwhile
finding out whether there are any boosting or debilitating
effects on visual processing, especially in interaction with
self-reference.

Cogn Affect Behav Neurosci (2015) 15:736–748 745



Appendix 1. List of sentences (English translation)

References

Ackenheil M., Stotz G., Dietz-Bauer R., Vossen, A. (1999). Deutsche
Fassung des MiniInternational Neuropsychiatric Interview.
München: Psychiatrische Universitätsklinik München. [Mini
International Interview - German Version 5.0.0.]

Adams, R. B., & Kleck, R. E. (2003). Perceived gaze direction and the
processing of facial displays of emotion. Psychological Science: A
Journal of the American Psychological Society / APS, 14, 644–647.
doi:10.1046/j.0956-7976.2003.psci_1479.x

Adams, R. B., & Kleck, R. E. (2005). Effects of direct and averted gaze
on the perception of facially communicated emotion. Emotion
(Washington, D.C.), 5, 3–11. doi:10.1037/1528-3542.5.1.3

Adolph, D., Meister, L., & Pause, B. M. (2013). Context counts! social
anxiety modulates the processing of fearful faces in the context of
chemosensory anxiety signals. Frontiers in Human Neuroscience,
7(June), 283. doi:10.3389/fnhum.2013.00283

Artuso, C., Palladino, P., & Ricciardelli, P. (2012). How dowe update faces?
Effects of gaze direction and facial expressions on working memory
updating. Frontiers in Psychology. doi:10.3389/fpsyg.2012.00362

Ashburner, J., Barnes, G., Chen, C., Daunizeau, J., Flandin, G., Friston, K., ...
& Phillips, C. (2012). SPM8 manual. Functional Imaging Laboratory,
Institute of Neurology. Retrieved from http://citeseerx.ist.psu.edu/
viewdoc/download?doi=10.1.1.225.1243&rep=rep1&type=pdf

Association, A. P. (2000). Diagnostic and statistical manual of mental
disorders: DSM-IV-TR. American Psychiatric Publishing, Inc.

Aviezer, H., Bentin, S., Dudarev, V., & Hassin, R. R. (2011). The auto-
maticity of emotional face-context integration. Emotion. doi:10.
1037/a0023578

Barrett, L. F., Mesquita, B., & Gendron, M. (2011). Context in Emotion
Perception. Current Directions in Psychological Science, 20(5),
286–290. doi:10.1177/0963721411422522

Baumeister, R. F., & Leary, M. R. (1995). The need to belong: Desire for
interpersonal attachments as a fundamental human motivation.
Psychological Bulletin, 117(3), 497–529. doi:10.1037/0033-2909.
117.3.497

Bradley, M. M., & Lang, P. J. (1994). Measuring emotion: The self-
assessment manikin and the semantic differential. Journal of
Behavior Therapy and Experimental Psychiatry, 25(1), 49–59.
doi:10.1016/0005-7916(94)90063-9

Bruce, V., & Young, A. W. (1986). Understanding face recognition. British
Journal of Psychology, 3. Retrieved from http://onlinelibrary.wiley.com/
doi/10.1111/j.2044-8295.1986.tb02199.x/full

Calvo, M. G., & Esteves, F. (2005). Detection of emotional faces: Low
perceptual threshold and wide attentional span. Visual Cognition,
12(1), 13–27. doi:10.1080/13506280444000094

Calvo, M. G., Marrero, H., & Beltrán, D. (2013). When does the brain
distinguish between genuine and ambiguous smiles? An ERP study.
Brain and Cognition, 81(2), 237–246. doi:10.1016/j.bandc.2012.10.
009

Corr, P. J. (2005). Social exclusion and the hierarchical defense system:
Comment onMacDonald and Leary (2005). Psychological Bulletin,
131(2), 231–236. doi:10.1037/0033-2909.131.2.231. author reply
237–240.

Davis, F. C., Johnstone, T., Mazzulla, E. C., Oler, J. A., & Whalen, P. J.
(2010). Regional response differences across the human amygdaloid
complex during social conditioning. Cerebral Cortex (New York,
N.Y. : 1991), 20(3), 612–621. doi:10.1093/cercor/bhp126

Dickerson, S. S., Gruenewald, T. L., & Kemeny, M. E. (2004). When the
social self is threatened: Shame, physiology, and health. Journal of
Personality, 72(December 2004), 1191–1216. doi:10.1111/j.1467-
6494.2004.00295.x

Diéguez-Risco, T., Aguado, L., Albert, J., & Hinojosa, J. A. (2013). Faces
in context: Modulation of expression processing by situational in-
formation. Social Neuroscience, 8(6), 601–620. doi:10.1080/
17470919.2013.834842

Duval, E. R., Moser, J. S., Huppert, J. D., & Simons, R. F. (2013). What’s
in a Face? Journal of Psychophysiology, 27(1), 27–38. doi:10.1027/
0269-8803/a000083

Eimer, M. (2000). The face-specific N170 component reflects late stages
in the structural encoding of faces. Neuroreport, 11(10), 2319–2324.

Eimer, M. (2011). The face-sensitivity of the n170 component. Frontiers
in Human Neuroscience, 5(October), 119. doi:10.3389/fnhum.2011.
00119

Eimer, M., & Holmes, A. (2002). An ERP study on the time course of
emotional face processing. Neuroreport, 13(4), 427–431.

Eimer, M., & Holmes, A. (2007). Event-related brain potential correlates
of emotional face processing. Neuropsychologia, 45(1), 15–31. doi:
10.1016/j.neuropsychologia.2006.04.022

Ekman, P. (1992). An argument for basic emotions. Cognition &
Emotion, 6(3-4), 169–200.

Fields, E. C., & Kuperberg, G. R. (2012). It’s All About You: An ERP
study of emotion and self-relevance in discourse. NeuroImage,
62(1), 562–574. doi:10.1016/j.neuroimage.2012.05.003

Foti, D., & Hajcak, G. (2008). Deconstructing reappraisal: Descriptions
preceding arousing pictures modulate the subsequent neural

Table 2 List of sentences used as context stimuli

Physically threatening Socially threatening Neutral

He wants to smash someone’s face in. He finds someone anti-social. He gives someone a flyer.

He is mad at someone. He wants to make someone look like a fool. He boards the bus with someone.

He wants to beat the living daylights out of someone. He hates someone. He gives someone the bag.

He threatened someone. He wants to criticize someone. He sells someone a newspaper.

He wants to hit someone. He finds someone revolting. He sits in front of someone.

He wants to hurt someone. He wants someone to go away. He asks someone for directions.

746 Cogn Affect Behav Neurosci (2015) 15:736–748

http://dx.doi.org/10.1046/j.0956-7976.2003.psci_1479.x
http://dx.doi.org/10.1037/1528-3542.5.1.3
http://dx.doi.org/10.3389/fnhum.2013.00283
http://dx.doi.org/10.3389/fpsyg.2012.00362
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.225.1243&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.225.1243&rep=rep1&type=pdf
http://dx.doi.org/10.1037/a0023578
http://dx.doi.org/10.1037/a0023578
http://dx.doi.org/10.1177/0963721411422522
http://dx.doi.org/10.1037/0033-2909.117.3.497
http://dx.doi.org/10.1037/0033-2909.117.3.497
http://dx.doi.org/10.1016/0005-7916(94)90063-9
http://onlinelibrary.wiley.com/doi/10.1111/j.2044-8295.1986.tb02199.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.2044-8295.1986.tb02199.x/full
http://dx.doi.org/10.1080/13506280444000094
http://dx.doi.org/10.1016/j.bandc.2012.10.009
http://dx.doi.org/10.1016/j.bandc.2012.10.009
http://dx.doi.org/10.1037/0033-2909.131.2.231
http://dx.doi.org/10.1093/cercor/bhp126
http://dx.doi.org/10.1111/j.1467-6494.2004.00295.x
http://dx.doi.org/10.1111/j.1467-6494.2004.00295.x
http://dx.doi.org/10.1080/17470919.2013.834842
http://dx.doi.org/10.1080/17470919.2013.834842
http://dx.doi.org/10.1027/0269-8803/a000083
http://dx.doi.org/10.1027/0269-8803/a000083
http://dx.doi.org/10.3389/fnhum.2011.00119
http://dx.doi.org/10.3389/fnhum.2011.00119
http://dx.doi.org/10.1016/j.neuropsychologia.2006.04.022
http://dx.doi.org/10.1016/j.neuroimage.2012.05.003


response. Journal of Cognitive Neuroscience, 20(6), 977–988. doi:
10.1162/jocn.2008.20066

Frenkel, T. I., & Bar-Haim, Y. (2011). Neural activation during the pro-
cessing of ambiguous fearful facial expressions: An ERP study in
anxious and nonanxious individuals. Biological Psychology, 88(2-
3), 188–195. doi:10.1016/j.biopsycho.2011.08.001

Fusar-Poli, P., Placentino, A., Carletti, F., Landi, P., Allen, P., Surguladze,
S.,… Politi, P. (2009). Functional atlas of emotional faces process-
ing: A voxel-based meta-analysis of 105 functional magnetic reso-
nance imaging studies. Journal of Psychiatry & Neuroscience: JPN,
34(6), 418–432.

Hajcak, G., Dunning, J. P., & Foti, D. (2009). Motivated and controlled
attention to emotion: Time-course of the late positive potential.
Clinical Neurophysiology: Official Journal of the International
Federation of Clinical Neurophysiology, 120(3), 505–510. doi:10.
1016/j.clinph.2008.11.028

Hajcak, G., MacNamara, A., & Olvet, D. M. (2010). Event-related po-
tentials, emotion, and emotion regulation: An integrative review.
Developmental Neuropsychology, 35(2), 129–155. doi:10.1080/
87565640903526504

Hajcak, G., Weinberg, A., & Foti, D. (2012). ERPs and the study of
emotion. InOxford handbook of event-related potential components
(pp. 441–472). doi:10.1093/oxfordhb/9780195374148.001.0001

Haxby, J. V., & Gobbini, M. I. (2011). Distributed neural systems for face
perception. In A. J. Calder, G. Rhodes, M. H. Johnson, & J. V.
Haxby (Eds.), The Oxford handbook of face perception (pp. 93–
107). New York: Oxford University Press.

Haxby, J. V., Gobbini, M. I., Vuilleumier, P., & Pourtois, G. (2007).
Distributed and interactive brain mechanisms during emotion face
percept ion: Evidence from funct ional neuroimaging.
Neuropsychologia, 45(1), 174–194.

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2002). Human neural
systems for face recognition and social communication. Biological
Psychiatry, 51(1), 59–67.

Herbert, C., Herbert, B. M., & Pauli, P. (2011). Emotional self-reference:
Brain structures involved in the processing of words describing
one’s own emotions. Neuropsychologia, 49(10), 2947–2956. doi:
10.1016/j.neuropsychologia.2011.06.026

Hirsh, J. B., & Inzlicht, M. (2008). The devil you know: Neuroticism
predicts neural response to uncertainty. Psychological Science,
19(10), 962–967. doi:10.1111/j.1467-9280.2008.02183.x

Hoffman, E. A., & Haxby, J. V. (2000). Distinct representations of eye
gaze and identity in the distributed human neural system for face
perception. Nature Neuroscience, 3, 80–84. doi:10.1038/71152

Kanwisher, N., McDermott, J., & Chun, M. M. (1997). The fusiform face
area: A module in human extrastriate cortex specialized for face
perception. The Journal of Neuroscience : The Official Journal of
the Society for Neuroscience, 17, 4302–4311. doi:10.1098/Rstb.
2006.1934

Kim, H., Somerville, L. H., Johnstone, T., Polis, S., Alexander, A. L.,
Shin, L. M., & Whalen, P. J. (2004). Contextual Modulation of
Amygdala Responsivity to Surprised Faces. Journal of Cognitive
N e u ro s c i e n c e , 1 6 ( 1 0 ) , 1 7 3 0– 17 45 . d o i : 1 0 . 11 6 2 /
0898929042947865

Kissler, J., Herbert, C., Winkler, I., & Junghofer, M. (2009). Emotion and
attention in visual word processing: An ERP study. Biological
Psychology, 80(1), 75–83. doi:10.1016/j.biopsycho.2008.03.004

Kolassa, I. T., &Miltner,W. H. R. (2006). Psychophysiological correlates
of face processing in social phobia. Brain Research, 1118(1), 130–
141. doi:10.1016/j.brainres.2006.08.019

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(8), 1377–
1388. doi:10.1080/02699930903485076

Lecrubier, Y., Sheehan, D., Weiller, E., Amorim, P., Bonora, I., Harnett
Sheehan, K., et al. (1997). The Mini International Neuropsychiatric

Interview (MINI). A short diagnostic structured interview: reliability
and validity according to the CIDI. European Psychiatry 12(5),
224–31. doi:10.1016/S0924-9338(97)86748-X

Li, W., Zinbarg, R. E., Boehm, S. G., & Paller, K. A. (2008). Neural and
behavioral evidence for affective priming from unconsciously per-
ceived emotional facial expressions and the influence of trait anxi-
ety. Journal of Cognitive Neuroscience, 20(1), 95–107. doi:10.1162/
jocn.2008.20006

Litvak, V., Mattout, J., Kiebel, S. J., Phillips, C., Henson, R., Kilner, J.
M.,… Friston, K. J. (2011). EEG and MEG data analysis in SPM8.
Computational Intelligence and Neuroscience, 2011, 852961. doi:
10.1155/2011/852961

Liu, Y., Huang, H., McGinnis-Deweese,M., Keil, A., & Ding, M. (2012).
Neural substrate of the late positive potential in emotional process-
ing. The Journal of Neuroscience: The Official Journal of the
Society for Neuroscience, 32(42), 14563–14572. doi:10.1523/
JNEUROSCI.3109-12.2012

MacDonald, G., & Leary, M. R. (2005a). Roles of social pain and defense
mechanisms in response to social exclusion: Reply to Panksepp
(2005) and Corr (2005). Psychological Bulletin, 131(2), 237–240.
doi:10.1037/0033-2909.131.2.237

Macdonald, G., & Leary, M. R. (2005b). Why does social exclusion hurt?
The relationship between social and physical pain. Psychological
Bulletin, 131(2), 202–223. doi:10.1037/0033-2909.131.2.202

Macnamara, A., Foti, D., & Hajcak, G. (2009). Tell me about it: Neural
activity elicited by emotional pictures and preceding descriptions.
Emotion (Washington, D.C.), 9(4), 531–543. doi:10.1037/a0016251

Macnamara, A., Ochsner, K. N., & Hajcak, G. (2011). Previously
reappraised: The lasting effect of description type on picture-
elicited electrocortical activity. Social Cognitive and Affective
Neuroscience, 6(3), 348–358. doi:10.1093/scan/nsq053

Matsumoto, D., Keltner, D., Shiota, M. N., O’Sullivan, M., & Frank, M.
(2008). Facial expressions of emotion. In M. Lewis, J. M. Haviland-
Jones, & L. F. Barrett (Eds.),Handbook of Emotions (pp. 211–234).
New York: The Guilford Press.

Meeren, H. K. M., van Heijnsbergen, C. C. R. J., & de Gelder, B. (2005).
Rapid perceptual integration of facial expression and emotional
body language. Proceedings of the National Academy of Sciences
of the United States of America, 102, 16518–16523. doi:10.1073/
pnas.0507650102

Morel, S., Ponz, A., Mercier, M., Vuilleumier, P., & George, N. (2009).
EEG-MEG evidence for early differential repetition effects for fear-
ful, happy and neutral faces. Brain Research, 1254, 84–98. doi:10.
1016/j.brainres.2008.11.079

Neta, M., Kelley, W. M., & Whalen, P. J. (2013). Neural responses to
ambiguity involve domain-general and domain-specific emotion
processing systems. Journal of Cognitive Neuroscience, 25(4),
547–557. doi:10.1162/jocn_a_00363

Neta, M., &Whalen, P. J. (2010). The primacy of negative interpretations
when resolving the valence of ambiguous facial expressions.
Psychological Science, 21(7), 901–907. doi:10.1177/
0956797610373934

Puce, A., Allison, T., Asgari, M., Gore, J. C., & McCarthy, G. (1996).
Differential sensitivity of human visual cortex to faces, letterstrings,
and textures: A functional magnetic resonance imaging study.
Journal of Neuroscience, 16(16), 5205–5215.

Righart, R., & de Gelder, B. (2006). Context influences early perceptual
analysis of faces–an electrophysiological study. Cerebral Cortex
(New York, N.Y.: 1991), 16(9), 1249–1257. doi:10.1093/cercor/
bhj066

Righart, R., & de Gelder, B. (2008). Rapid influence of emotional scenes
on encoding of facial expressions: An ERP study. Social Cognitive
and Affective Neuroscience, 3(3), 270–278. doi:10.1093/scan/
nsn021

Rossion, B., Gauthier, I., Taylor, C. T., Despland, P., Bruyer, R., Linotte,
S., & Crommelinck, M. (2000). The N170 occipito-temporal

Cogn Affect Behav Neurosci (2015) 15:736–748 747

http://dx.doi.org/10.1162/jocn.2008.20066
http://dx.doi.org/10.1016/j.biopsycho.2011.08.001
http://dx.doi.org/10.1016/j.clinph.2008.11.028
http://dx.doi.org/10.1016/j.clinph.2008.11.028
http://dx.doi.org/10.1080/87565640903526504
http://dx.doi.org/10.1080/87565640903526504
http://dx.doi.org/10.1093/oxfordhb/9780195374148.001.0001
http://dx.doi.org/10.1016/j.neuropsychologia.2011.06.026
http://dx.doi.org/10.1111/j.1467-9280.2008.02183.x
http://dx.doi.org/10.1038/71152
http://dx.doi.org/10.1098/Rstb.2006.1934
http://dx.doi.org/10.1098/Rstb.2006.1934
http://dx.doi.org/10.1162/0898929042947865
http://dx.doi.org/10.1162/0898929042947865
http://dx.doi.org/10.1016/j.biopsycho.2008.03.004
http://dx.doi.org/10.1016/j.brainres.2006.08.019
http://dx.doi.org/10.1080/02699930903485076
http://dx.doi.org/10.1016/S0924-9338(97)86748-X
http://dx.doi.org/10.1162/jocn.2008.20006
http://dx.doi.org/10.1162/jocn.2008.20006
http://dx.doi.org/10.1155/2011/852961
http://dx.doi.org/10.1523/JNEUROSCI.3109-12.2012
http://dx.doi.org/10.1523/JNEUROSCI.3109-12.2012
http://dx.doi.org/10.1037/0033-2909.131.2.237
http://dx.doi.org/10.1037/0033-2909.131.2.202
http://dx.doi.org/10.1037/a0016251
http://dx.doi.org/10.1093/scan/nsq053
http://dx.doi.org/10.1073/pnas.0507650102
http://dx.doi.org/10.1073/pnas.0507650102
http://dx.doi.org/10.1016/j.brainres.2008.11.079
http://dx.doi.org/10.1016/j.brainres.2008.11.079
http://dx.doi.org/10.1162/jocn_a_00363
http://dx.doi.org/10.1177/0956797610373934
http://dx.doi.org/10.1177/0956797610373934
http://dx.doi.org/10.1093/cercor/bhj066
http://dx.doi.org/10.1093/cercor/bhj066
http://dx.doi.org/10.1093/scan/nsn021
http://dx.doi.org/10.1093/scan/nsn021


component is delayed and enhanced to inverted faces but not to
inverted objects: An electrophysiological account of face-specific
processes in the human brain. Neuroreport, 11(1), 69–74.

Rossion, B., & Jacques, C. (2012). The N170: Understanding the time
course of face perception in the human brain. Oxford University
Press. doi:10.1093/oxfordhb/9780195374148.013.0064

Sabatinelli, D., Fortune, E. E., Li, Q., Siddiqui, A., Krafft, C., Oliver, W.
T., … Jeffries, J. (2011). Emotional perception: Meta-analyses of
face and natural scene processing. NeuroImage, 54(3), 2524–33.
doi:10.1016/j.neuroimage.2010.10.011

Schacht, A., & Sommer, W. (2009). Emotions in word and face process-
ing: Early and late cortical responses. Brain and Cognition, 69(3),
538–550. doi:10.1016/j.bandc.2008.11.005

Schindler, S., Wegrzyn, M., Steppacher, I., & Kissler, J. (2014). It’s all in
your head - how anticipating evaluation affects the processing of
emotional trait adjectives. Frontiers in Psychology, 5, 1292. doi:
10.3389/fpsyg.2014.01292

Schupp, H., Cuthbert, B., Bradley, M., Hillman, C., Hamm, A., & Lang,
P. (2004a). Brain processes in emotional perception: Motivated at-
tention. Cognition & Emotion, 18(5), 593–611. doi:10.1080/
02699930341000239

Schupp, H. T., Flaisch, T., Stockburger, J., & Junghöfer, M. (2006).
Chapter 2 Emotion and attention: Event-related brain potential stud-
ies. Progress in Brain Research. doi:10.1016/S0079-6123(06)
56002-9

Schupp, H. T., Junghöfer, M., Weike, A. I., & Hamm, A. O. (2004b). The
selective processing of briefly presented affective pictures: An ERP
analysis. Psychophysiology, 41(3), 441–449. doi:10.1111/j.1469-
8986.2004.00174.x

Schupp, H. T., Öhman, A., Junghöfer, M.,Weike, A. I., Stockburger, J., &
Hamm, A. O. (2004c). The facilitated processing of threatening
faces: An ERP analysis. Emotion, 4(2), 189.

Schwarz, K. A.,Wieser,M. J., Gerdes, A. B.M., Mühlberger, A., & Pauli,
P. (2012). Why are you looking like that? How the context influ-
ences evaluation and processing of human faces. Social Cognitive
and Affective Neuroscience. doi:10.1093/scan/nss013

Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J.,
Weiller, E., et al. (1998). The MINI-International Neuropsychiatric
Interview (MINI): the development and validation of a structured di-
agnostic psychiatric interview for DSM-IVand ICD-10. The Journal of
Clinical Psychiatry 59:22–33

Vuilleumier, P., & Pourtois, G. (2007). Distributed and interactive brain
mechanisms during emotion face perception: Evidence from func-
tional neuroimaging. Neuropsychologia, 45(1), 174–194. doi:10.
1016/j.neuropsychologia.2006.06.003

Wabnitz, P.,Martens, U., &Neuner, F. (2012). Cortical reactions to verbal
abuse: Event-related brain potentials reflecting the processing of
socially threatening words. NeuroReport, 23(13), 774–779.

Wessing, I., Rehbein, M. A., Postert, C., Fürniss, T., & Junghöfer, M.
(2013). The neural basis of cognitive change: Reappraisal of emo-
tional faces modulates neural source activity in a frontoparietal at-
tention network. NeuroImage, 81, 15–25. doi:10.1016/j.
neuroimage.2013.04.117

Wieser, M. J., & Brosch, T. (2012). Faces in context: A review and
systematization of contextual influences on affective face process-
ing. Frontiers in Psychology, 3, 471. doi:10.3389/fpsyg.2012.00471

Wieser, M. J., Gerdes, A. B. M., Büngel, I., Schwarz, K. A., Mühlberger,
A., & Pauli, P. (2014). Not so harmless anymore: How context
impacts the perception and electrocortical processing of neutral
faces. NeuroImage, 92, 74–82.

Wieser, M. J., Pauli, P., Reicherts, P., & Mühlberger, A. (2010). Don’t
look at me in anger! Enhanced processing of angry faces in antici-
pation of public speaking. Psychophysiology, 47(2), 271–280. doi:
10.1111/j.1469-8986.2009.00938.x

748 Cogn Affect Behav Neurosci (2015) 15:736–748

http://dx.doi.org/10.1093/oxfordhb/9780195374148.013.0064
http://dx.doi.org/10.1016/j.neuroimage.2010.10.011
http://dx.doi.org/10.1016/j.bandc.2008.11.005
http://dx.doi.org/10.3389/fpsyg.2014.01292
http://dx.doi.org/10.1080/02699930341000239
http://dx.doi.org/10.1080/02699930341000239
http://dx.doi.org/10.1016/S0079-6123(06)56002-9
http://dx.doi.org/10.1016/S0079-6123(06)56002-9
http://dx.doi.org/10.1111/j.1469-8986.2004.00174.x
http://dx.doi.org/10.1111/j.1469-8986.2004.00174.x
http://dx.doi.org/10.1093/scan/nss013
http://dx.doi.org/10.1016/j.neuropsychologia.2006.06.003
http://dx.doi.org/10.1016/j.neuropsychologia.2006.06.003
http://dx.doi.org/10.1016/j.neuroimage.2013.04.117
http://dx.doi.org/10.1016/j.neuroimage.2013.04.117
http://dx.doi.org/10.3389/fpsyg.2012.00471
http://dx.doi.org/10.1111/j.1469-8986.2009.00938.x

	This...
	Abstract
	Introduction
	Method
	Subjects
	Stimulus material
	Stimulus presentation
	Electrophysiologic recordings
	Statistical analysis
	Behavioral data


	Results
	Behavioral data
	Event-related brain potentials (ERPs)
	N170
	Early posterior negativity (EPN)
	Early late positive potential (LPP)
	Late LPP


	Discussion
	Appendix 1. List of sentences (English translation)
	References


