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Faces in context: Modulation of expression processing
by situational information

Teresa Diéguez-Risco1, Luis Aguado1, Jacobo Albert2,
and José Antonio Hinojosa1,2

1Universidad Complutense de Madrid, Madrid, Spain
2Instituto Pluridisciplinar, Universidad Complutense Madrid, Madrid, Spain

Numerous studies using the event-related potential (ERP) technique have found that emotional expressions modu-
late ERP components appearing at different post-stimulus onset times and are indicative of different stages of face
processing. With the aim of studying the time course of integration of context and facial expression information,
we investigated whether these modulations are sensitive to the situational context in which emotional expressions
are perceived. Participants were asked to identify the expression of target faces that were presented immediately
after reading short sentences that described happy or anger-inducing situations. The main manipulation was the
congruency between the emotional content of the sentences and the target expression. Context-independent ampli-
tude modulation of the N170 and N400 components by emotional expression was observed. On the other hand,
context effects appeared on a later component (late positive potential, or LPP), with enhanced amplitudes on
incongruent trials. These results show that the early stages of face processing where emotional expressions are
coded are not sensitive to verbal information about the situation in which they appear. The timing of context
congruency effects suggests that integration of facial expression with situational information occurs at a later
stage, probably related to the detection of affective congruency.

Keywords: Facial expression; Context; N400; N170; LPP.

Facial expressions of emotion constitute one of the
most relevant stimuli in human social interaction.
Studies using different brain imaging techniques have
found that emotional expressive faces presented in
isolation produce expression-specific activity in brain
areas such as the amygdala and the insular cor-
tex and modulate neural responses in the visual
extrastriate cortex (e.g., Morris, Ohman, & Dolan,
1998; Vuilleumier, Armony, Driver, & Dolan, 2001;
Winston, O’Doherty, & Dolan, 2003). Moreover,
results of event-related potentials (ERPs) and mag-
netoencephalography (MEG) studies show that brain
activity is modulated by the emotional meaning of
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faces since very early processing stages (e.g., Ashley,
Vuilleumier, & Swick, 2004; Batty & Taylor, 2003;
Eger, Jedynak, Iwaki, & Skrandies, 2003; Pourtois,
Dan, Grjean, Ser, & Vuilleumier, 2005).

It is noticeable that in most studies on facial expres-
sion of emotion, participants are exposed to pictures of
emotional faces presented in isolation, in the absence
of any contextual reference. However, we usually per-
ceive facial expressions of emotion in the context set
by specific social interactions with our conspecifics.
Emotion expressed on the face plays a crucial role
in dynamic social encounters and this is the nat-
ural context where they are routinely decoded and
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understood (e.g., Barrett & Kensinger, 2010; Carroll
& Russell, 1996). Although studies on isolated faces
have provided valuable data about how we perceive
and decode facial expressions, the question remains
as to how conclusions from these studies apply to
more naturalistic settings, where emotional expres-
sions are integrated within an emotionally meaningful
context. Some previous studies have explored this
issue by focusing on local contextual effects, such as
those caused by presenting facial expressions accom-
panied by different voice intonations or together with
congruent or incongruent body postures (de Gelder
& Vroomen, 2000; Massaro & Egan, 1996; Meeren,
Van Heijnsbergen, & de Gelder, 2005). However, the
possibility that processing of facial expressions of
emotion is modulated by the broader situational con-
text in which they appear has deserved less attention.
This situational context refers to information about
the expresser’s situation, that is, about the life event
or social encounter triggering the expressive reac-
tion (Barrett, Lindquist, & Gendron, 2007; Carroll &
Russell, 1996). In what follows, we make explicit the
reasons for the theoretical interest of this issue and
discuss relevant evidence.

A few studies have looked at how processing of
facial expressions of emotion is influenced by the con-
text in or the background on which they are presented.
A study by Righart and De Gelder (2008a) reported
behavioral evidence that expressions presented in emo-
tionally congruent contexts, such as a fearful face
presented on the background of a picture showing a
car crash, are recognized faster than those presented
on an incongruent context. In the electrophysiological
domain, the N170, an ERP component that is espe-
cially sensitive to face processing, has been found to
be modulated by the emotional meaning of faces, with
increased negativities observed in the presence of faces
that show different emotional expressions or that have
acquired new emotional meaning (e.g., Aguado et al.,
2012; Batty & Taylor, 2003; Blau, Maurer, Tottenham,
& McCliss, 2007; Caharel, Courtay, Bernard, Lalonde,
& Rebäi, 2005). Of direct relevance for the goals of
the present study, amplitude of the N170 component
in the presence of faces is also sensitive to different
combinations of contexts and emotional expressions.
Specifically, increased N170 amplitudes have been
found when the facial expression is presented on the
background of a congruent emotional picture (Righart
& de Gelder, 2006, 2008b). This result is interest-
ing because the N170 is the earliest ERP component
identified in most studies as being differentially sen-
sitive to faces (e.g., Bentin, Allison, Puce, Perez, &
McCarthy, 1996; Bötzel, Ecker, Mayer, Schulze, &
Straube, 1995; Rousselet, Husk, Bennett, & Sekuler,

2008; see Rossion & Jacques, 2012, for a review).
Since the N170 component has been related to the
stage of structural coding proposed by traditional mod-
els of face perception (Bruce & Young, 1986), these
contextual influences would indicate that expressive
information from the face is integrated with contex-
tual information at an early processing stage. However,
it cannot be totally ruled out that modulation of the
N170 component caused by superimposing faces on
picture backgrounds reflects processes of perceptual
interaction rather than true contextual effects. A further
confirmation of the possibility that early, face-sensitive
ERP components, such as the N170, are modulated by
context should additionally come from the comparison
of activity elicited by expressive faces in affectively
congruent and incongruent contexts that do not involve
changes in visual stimulation at the moment when the
face is perceived. This might be achieved using a pro-
cedure similar to that employed by Carroll and Russell
(1996). In a behavioral study, the participants were
asked to label the expression shown by faces that were
each preceded by a read story that described a daily
situation related to anger, fear, or sadness. Participants
chose labels associated to that situation rather than
those corresponding to the facial expression itself.
Similar results have also been found using film clips
as contexts (Walbott, 1988). Finally, in a neuroimag-
ing study by Kim et al. (2004), emotionally ambiguous
surprise faces were presented after positively or nega-
tively valenced contextual sentences. It was found that
surprised faces cued by negative contexts produced
greater ventral amygdala activation (the pattern usually
found with less ambiguous, negative emotional faces)
compared to surprise faces cued by positive contexts.

The above-mentioned studies are suggestive of con-
textual modulation of emotional expression processing
at the behavioral and brain levels. In the present study,
we further explore the potential modulatory role of
context, using the ERP technique. This approach was
taken with the aim of differentiating the processing
stages at which brain activity is sensitive to the spe-
cific nature of the expression (that is, if it is a happy
or an angry expression) or to the congruency between
the expression and an immediately preceding context.
More precisely, brain activity was recorded while par-
ticipants looked at pictures of expressive (happy or
angry) target faces that were preceded by short sen-
tences describing situations that would usually lead
either to happy or to angry emotional reactions, and
that provided the situational context for the targets.
The critical comparison was between trials where the
sentence and the expression were emotionally congru-
ent (e.g., a happy face preceded by a sentence describ-
ing a happy situation) and trials where the sentence
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and the expression were emotionally incongruent (e.g.,
a happy face preceded by a sentence describing an
anger-inducing situation).

The ERP measure was used because of its excel-
lent temporal resolution, which allows precise track-
ing of the different stages of information processing
after stimulus onset. If the context modulates brain
responses to emotional expressions since the early
stage at which structural processing of faces takes
place, then modulations should already appear on
the N170 time window, as shown in Righart and
De Gelder’s (2006, 2008b) studies. On the other
hand, if integration of expression information with
the situational context takes place at a later, post-
perceptual stage, then modulations would only appear
with longer latencies, corresponding to processing
operations related to the decoding of affective mean-
ing or to semantic integration of the target face with
the context. Analysis of electroencepalographic (EEG)
activity focused on those ERP components that have
been found to be sensitive to emotional valence and
to congruency between target stimuli and preced-
ing primes. First, we focused on the face-sensitive
N170 component. As has been mentioned above, the
amplitude of this component can be modulated by the
emotional valence of faces and there is previous evi-
dence suggesting that it might as well be sensitive to
the relationship between faces and their accompanying
contexts (Righart and De Gelder, 2006, 2008a).

We also analyzed two later ERP components that
are sensitive to semantic and/or affective congruen-
cies, the N400 and the late positive potential (LPP).
The N400 is a negative deflection appearing around
400 ms after stimulus onset that is usually modu-
lated by semantic congruency (see Fabiani, Gratton, &
Federmeier, 2007 and Kutas & Federmeier, 2011 for
reviews). Studies with the affective priming paradigm
have also found modulation of the N400 component by
the congruency between the valences of the prime and
target stimuli (e.g., Aguado, Dieguez-Risco, Méndez-
Bértolo, Pozo, & Hinojosa, 2013; Paulmann & Pell,
2010; Zhang, Lia, Gold, & Jiang, 2010). The N400 is
usually followed by an LPP, a centro-parietal posi-
tive deflection that typically becomes evident between
300 and 700 ms after stimulus onset and that may per-
sist for several hundred milliseconds and continue after
stimulus offset. In studies with emotional stimuli pre-
sented in the visual modality, this component is usually
larger in the presence of both pleasant and unpleas-
ant stimuli compared to neutral stimuli (e.g., Cuthbert,
Schupp, Bradley, Birbaumer, & Lang, 2000; Franken,
Gootjes, & van Strien, 2009; Schupp et al., 2004).
These emotional effects seem to be sensitive to contex-
tual modulation, as they are influenced by preceding

descriptions that bias the interpretation of the stimulus
to make it more or less emotionally meaningful (Foti
& Hajcak, 2008). Of direct relevance for the present
study, in priming studies with affective stimuli, the
LPP has also been found to be sensitive to prime–
target congruency in terms of valence or arousal, with
increased amplitudes in the presence of incongruent
targets (Herring, Taylor, White, & Crites, 2011;
Hinojosa, Carretié, Méndez-Bértolo, Míguez, & Pozo,
2009; Werheid, Alpay, Jentzsch, & Sommer, 2005;
Zhang et al., 2010). Similarly, increased LPP ampli-
tudes have been found following social expectancy
violations, when participants read sentences describing
behaviors inconsistent with a previously implied per-
sonality trait (Baetens, Van der Cruyssen, Achtziger,
Vandekerckhove, & Van Overwalle, 2011; Bartholow,
Fabiani, Gratton, & Bettencourt, 2001).

Given the design used in the present experiment,
congruency between the content of the sentence con-
text and the following face could arise at both the
semantic and affective or evaluative levels. Semantic
congruency would refer to the relationship between the
specific emotional content of the described event (hap-
piness vs. anger-inducing situations) and the expres-
sion shown by the face (happiness or anger). At the
same time, congruency might be also affective or eval-
uative, as the situation could be related to an emotion
of the same or of different valence than that of the
facial expression. The main question that we have tried
to address with our research is at what stage is the pro-
cessing of facial expressions of emotion sensitive to
the congruency with the preceding context. Some pre-
vious studies with affectively or socially meaningful
stimuli have reported N400 and LPP priming effects
that have been related to semantic and evaluative con-
gruence, respectively (Baetens et al., 2011; Bartholow
et al., 2001; Herring et al., 2011). These effects cor-
respond to processing stages related to semantic inte-
gration (N400) and to the mobilization of attentional
resources to emotionally meaningful stimuli (LPP).
Since the procedure used in the present study allowed
to explore the effects of semantic and affective con-
gruencies, context influences on emotional face pro-
cessing might, in principle, be expected on either one
or both of these components. One main question was
that whether components linked to early visual pro-
cessing, such as the N170, would also be modulated by
congruency. The only available evidence to date in this
respect comes from Righart and De Gelder’s studies
with picture primes. However, it is not clear from these
results whether similar effects should be expected with
contexts that require a more complex, conceptual anal-
ysis, such as the sentence contexts used in the present
study. There is no previous evidence that early face
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processing stages, such as that indexed by the N170,
are sensitive to semantic or conceptual influences. In a
relevant study with intracranial recording of ERPs
(Puce, Allison, & McCarthy, 1999), it was found that
the face-specific N200 component, recorded from the
ventral occipitotemporal cortex, did not show seman-
tic priming effects. These effects, however, did appear
on two later components, P290 and N700, thought to
reflect later face processing. Based on these consid-
erations, our prediction was that congruency effects
would not appear on the N170 component.

METHOD

Participants

Participants were 20 psychology students (15 female
and 5 male) that took part in the experiment for
course credit. Their ages ranged between 18 and
22 years (mean 19.4). All of them had normal or
corrected vision, were right-handed, and Spanish was
their native language.

Apparatus and stimuli

Software E-Prime 2.1 (Psychology Software Tools,
Pittsburgh, PA, USA) was used for stimulus presenta-
tion and response registration. Stimuli were presented
on a 23′′ LCD screen. Responses were recorded using
the keyboard. Sessions were carried out individually
in an electrically and acoustically shielded room. The
stimuli used as contexts consisted of 20 short sen-
tences describing emotion-inducing daily situations
(see Appendix A). Half of these sentences described
happiness-inducing (positive sentences) and the other
half, anger-inducing (negative sentences) situations.
These types of situations were chosen based on two
main criteria. First, the corresponding emotions can
be easily differentiated because they have opposed
valence and are related to clearly different, nonover-
lapping evaluative patterns. For example, whereas hap-
piness is usually associated with the perception of goal
attainment and reward, the appraisal of goal blocking
or frustration is the main determinant of anger (e.g.,
Kuppens, Van Mechelen, & Meulders, 2004; Scherer,
1997; Smith & Lazarus, 1993). Second, the prototypi-
cal facial expressions of happiness and anger are easily
discriminated and their confusability is very low (e.g.,
Calvo & Lundqvist, 2008).

Positive and negative sentences were equated for
number of words and had the same syntactic struc-
ture. Positive sentences described situations that would

lead to a happy reaction due to either the fulfillment of
a desired goal (e.g., “He has received the promotion
he wanted at work”) or the presentation of a valued
social or material reward (e.g., “His country’s soc-
cer’s team has just won the world cup”). Negative
sentences described situations that would lead to an
angry reaction due to the obstruction of a goal (e.g.,
“He is informed at the airport that his luggage has
been lost”) or because valued personal belongings
have been taken away or voluntarily damaged (e.g.,
“He notices someone has vandalized his car”). These
contents were chosen based on the characterization
of the antecedents leading to the emotions of happi-
ness and anger by appraisal theories of emotion (e.g.,
Scherer, 1999; Smith & Lazarus, 1993). The sentences
finally used in the ERP study were selected from a
larger set, based on the results obtained in a pilot
study where the participants evaluated them in terms of
emotion category and emotional intensity. Participants
were given four different choices to categorize each
sentence: “Happiness”, “anger”, “other emotion”, or
“no emotion in particular”. After choosing one par-
ticular emotion label, participants were asked to rate,
on a 1–9 scale, the intensity with which the sentence
in question represented the chosen emotion. Those
sentences that were identified by at least 75% of the
participants in the pilot study as representing happi-
ness or anger-inducing situations were selected for the
present study. Mean emotional intensities were 7.22
(SEM = 0.75) and 7.50 (SEM = 0.56) for positive
and negative sentences, respectively, t(18) = –0.928,
p = .36. Ten additional sentences were selected for
the practice phase that would not be used in the
experimental phase.

Target stimuli were black and white pictures of
the faces of 10 models (5 male, 5 female) show-
ing either a happy or an angry expression and were
taken from the NimStim set (Tottenham et al., 2009).
Faces were cropped to remove hair and each model
appeared showing both expressions, making for a total
of 20 targets. These stimuli were selected based on
the results of an additional pilot study with a struc-
ture similar to that of the sentence pilot study describe
above. Percentage recognition of the represented emo-
tion was above 80% for all selected faces and the
two sets of faces did not differ in emotional inten-
sity, t(18) = 0.705, p = .49. Mean emotional inten-
sity for happy faces was 6.23 (SEM = 1.08), and
for angry faces was 6.56 (SEM = 1.03). An addi-
tional set of 10 faces was selected to be used in
the practice phase. Finally, the neutral, non-expressive
faces of each model were used to accompany the
sentence prime (see further details in the Procedure
section).
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Procedure

Instructions were presented self-paced on screen.
Participants were informed that, on each trial, they
would first see the expressively neutral face of a per-
son along with a written description of a situation that
she/he had lived through and that next, they would
see the face of the same person showing her/his emo-
tional reaction to that situation. The participants were
instructed to read the sentence and then press the space
bar, after which they would see the face of the same
individual, but with a happy or an angry expression
(see Appendix B for the complete text of the instruc-
tions as presented to the participants). This would be
the target stimulus to which the participant had to
respond. The task of the participant was simply to indi-
cate whether the target face showed a happy or an
angry expression.

During a previous familiarization phase, partici-
pants were presented with all the faces that would
be later used in the experiment and asked to iden-
tify its expression. This phase was included with the
aim of familiarizing the participants with the faces
and to avoid possible effects of novelty or surprise
during the experimental phase. Before the experimen-
tal phase, the participants received 20 practice trials.
These trials had the same structure as those of the
experimental phase, but with a different set of faces.
Each trial started with a 1000 ms fixation point, fol-
lowed by the prime or context sentence presented
along with the corresponding neutral face. Participants
were instructed to press the space bar upon reading
the sentence, after which the fixation point was pre-
sented again during 1000 ms. Finally, the target was
presented and the participant had to indicate its emo-
tional expression using the keys “c” and “m” of the
computer keyboard (the correspondence between keys
and emotion labels was counterbalanced across par-
ticipants). In order to embed each target face into a
narrative, the context sentences were presented on the
screen along with an expressively neutral face, fol-
lowed then by the face of the same model showing
a happy or an angry expression. With this procedure,
we intended to model real situations in which we see
people changing their expression in response to exter-
nal events or to information provided by other people.
The main manipulation was the congruency between
the content of the context sentence and the following
target face. In congruent trials, the target face showed
an emotional expression that was congruent with the
emotion suggested by the sentence (happy sentence
followed by a happy face or angry sentence followed
by an angry face), while in incongruent trials, the face
showed an expression incongruent with the sentence

(happy sentence followed by an angry face or angry
sentence followed by a happy face). A flowchart show-
ing the sequence of events in experimental trials is
presented in Figure 1.

Each of the two expressions shown by each model
was preceded by a positive or a negative sentence in
different trials and each of these sentence–expression
pairs was repeated eight times. Pairing of models
with specific sentences was randomized across par-
ticipants, so that different participants saw one spe-
cific face paired with different sentences. Eighty tri-
als per condition (congruent/happy, congruent/angry,
incongruent/happy, and incongruent/angry) were pre-
sented to each subject.

Electrophysiological recording

EEG activity was recorded from 32 Ag/AgCl elec-
trodes mounted on an electrode cap (Compumedics
Neuroscan’s Quick-Cap; Neuroscan, Compumedics,
Abbotsford, Australia). All scalp electrodes were ref-
erenced to the right mastoid and offline referenced
to averaged mastoids. Electro-oculographic (EOG)
data were recorded supra- and infraorbitally (vertical
EOG), as well as from the left versus right orbital rim
(horizontal EOG). Data were recorded with a band-
pass filter from 0.1 to 50 Hz and digitization sampling
rate was set to 1000 Hz. The continuous recording
was divided into epochs ranging from –200 ms to
800 ms after target onset. Trials in which participants
responded erroneously or did not respond were elimi-
nated. The signal was baseline corrected and an offline
low-pass filter was applied (30 Hz/24 dB). Ocular arti-
fact correction was carried out through the method
described by Semlitsch, Anderer, Schuster, and
Preelich (1986). The remaining artifacts were removed
after visual inspection. Mean number of trials per sub-
ject and condition after artifact rejection were 39.95
(SD = 7.43), 38.7 (SD = 11.07), 40.85 (SD = 9.41),
and 39.8 (SD = 10.36) for the happy/congruent,
angry/congruent, happy/incongruent, and happy/

incongruent conditions, respectively. An ANOVA with
Condition as a repeated measures factor did not show
significant effects (F(1,19) = 0.70, p = .795).

Data analysis

Detection and quantification of N170, N400, and LPP
effects were carried out through covariance matrix-
based temporal principal component analysis (tPCA).
This technique has been repeatedly recommended
since the exclusive use of traditional visual inspection
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*Congruent trial

He receives the promotion

*

Fixation

1000 ms

Sentence context

(until response)

    

he wanted at work

*Incongruent trial

Target  expression

(until response)

Fixation

1000 ms

*He receives the promotion 

he wanted at work

Figure 1. Layout of the experimental procedure.
Publication of the faces included in this figure is permitted by authors of the NimStim set of facial expressions (Tottenham, N., Tanaka, J.,
Leon, A. C., McCarry, T., Nurse, M., Hare, T. A., Marcus, D. J., Westerlund, A., Casey, B. J., & Nelson, C. A. 2009. The NimStim set of facial
expressions: Judgments from untrained research participants. Psychiatry Research, 168(3), 242–249).

of grand averages and voltage computation may lead
to several types of misinterpretation (Chapman &
McCrary, 1995; Dien & Frishkoff, 2005). The main
advantage of tPCA over traditional procedures based
on visual inspection of recordings and on “tempo-
ral windows of interest” is that it presents each ERP
component separately and with its “clean” shape,
extracting and quantifying it free of the influences of
adjacent or subjacent components. Indeed, the wave-
form recorded at a site on the head over a period of
several hundreds of milliseconds represents a com-
plex superposition of different overlapping electrical
potentials. Such recordings can stymie visual inspec-
tion. In brief, tPCA computes the covariance between
all ERP time points, which tends to be high between
those time points involved in the same component,
and low between those belonging to different com-
ponents. The solution is therefore a set of factors
made up of highly covarying time points, which

ideally correspond to ERP components. Temporal fac-
tor (TF) scores, the tPCA-derived parameters in which
extracted TFs may be quantified, are linearly related
to amplitude. In the present study, the decision on the
number of components to select was based on the scree
test (Catell, 1966). Extracted components were sub-
mitted to promax rotation, as recently recommended
(Dien, 2010, 2012; Dien, Khoe, & Mangun, 2007).
As explained in detail later, the presence of N170,
N400, and LPP effects was confirmed.

Signal overlapping may occur also at the space
domain. At any given time point, several neural pro-
cesses (and hence, several electrical signals) may
concur, and the recording at any scalp location at
that moment is the electrical balance of these differ-
ent neural processes. While tPCA “separates” ERP
components along time, spatial PCA (sPCA) sepa-
rates ERP components along space, each spatial fac-
tor ideally reflecting one of the concurrent neural
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processes underlying each TF. Additionally, sPCA
provides a reliable division of scalp into different
recording regions, an advisable strategy prior to sta-
tistical contrasts, since ERP components frequently
behave differently in some scalp areas than in others
(e.g., they present opposite polarity or react differ-
ently to experimental manipulations). Basically, each
region or spatial factor is formed with the scalp points
where recordings tend to covary. As a result, the shape
of the sPCA-configured regions is functionally based,
and scarcely resembles the shape of the geometrically
configured regions defined by traditional procedures.
Moreover, each spatial factor can be quantified through
the spatial factor score, a single parameter that reflects
the amplitude of the whole spatial factor. Therefore,
sPCAs were carried out for the relevant TFs (N170,
N400, and LPP). Also, in this case, the decision on
the number of factors to select was based on the scree
test, and extracted factors were submitted to promax
rotation.

Subsequently, repeated-measures ANOVAs on
N170, N400, and LPP spatial factor scores and on the
behavioral dependent measure (reaction time (RT))
were carried out with respect to Congruency (two lev-
els: Congruent and Incongruent) and Target Emotion
(two levels: Happy and Angry). In all statistical
contrasts involving analyses of variance (ANOVAs),
the Greenhouse–Geisser (GG) epsilon correction
was applied to adjust the degrees of freedom of the
F-ratios, and post hoc comparisons to determine the
significance of pairwise contrasts were made using
the Bonferroni procedure (α = 0.05). Effect sizes
were computed using the partial eta-square (η2

p)
method. Prior to ANOVAs, RT data (only for correct
responses) were screened for statistical outliers based
on each participant’s distribution and subsequently
log transformed to achieve a normal distribution.
Nonsignificant Shapiro–Wilk test (all p-values >.26)
demonstrated the Gaussian distribution of the RTs for
each experimental condition. These analyses ensured
the suitability of the RT data for parametric statistical
testing.

Finally, to localize the cortical generators of
the N170, N400, and LPP components, standard-
ized low-resolution brain electromagnetic tomogra-
phy (sLORETA) was applied to relevant TF scores.
sLORETA is a 3D discrete linear solution for the EEG
inverse problem (Pascual-Marqui, 2002). Although
solutions provided by EEG-based source location
algorithms should be interpreted with caution due
to their potential error margins, LORETA solutions
have shown good correspondence with those pro-
vided by hemodynamic procedures (such as fMRI
and PET) in the same tasks (Dierks et al., 2000;

Mulert et al., 2004; Pizzagalli, Oakes, & Davidson,
2003). Moreover, the use of tPCA-derived factor
scores instead of direct voltages (which leads to more
accurate source localization analyses, see Carretié
et al., 2004; Dien, 2010; Dien, Spencer, & Donchin,
2003) contributes to reducing this error margin. In its
current version, sLORETA computes the standardized
current density at each of 6239 voxels (voxel size:
5 mm × 5 mm × 5 mm) in the cortical gray mat-
ter and the hippocampus of the digitized Montreal
Neurological Institute (MNI) standard brain.

RESULTS

Behavioral data

Mean overall accuracy of target responses was 0.97
(SEM = .05). Mean RTs per condition are presented in
Table 1. As already mentioned, RT data were log trans-
formed to achieve normal distributions for all experi-
mental conditions. The resulting data were subjected
to a repeated-measures ANOVA, with Congruency
and Target Emotion as factors. This analysis gave a
significant effect of Congruency, F(1, 19) = 4.66,
p = .044), with slower RTs on incongruent trials, and a
marginal effect of Congruency × Emotion interaction,
F(1, 19) = 3.59, p = .074).

Scalp ERP data

A selection of the grand averages is presented in
Figure 2. The waveforms presented in the figure corre-
spond to those scalp areas where experimental effects
(described later) were most evident. As a consequence
of the application of the tPCA, seven components1

were extracted from the ERPs (see Figure 3). Factor

TABLE 1
Behavioral results

Prime–target congruency

Congruent Incongruent

Emotion RT (ms)

Happy 585.48 (32,83) 625.8 (42,59)
Angry 599.28 (38,45) 634.92 (46,15)

1 Although the N170, N400, and LPC components were the
focus of the present study, statistical analyses (ANOVAs) were con-
ducted also on earlier PCA factors. The results of these analyses
were not significant for either the main effects or their interaction.
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Figure 2. Grand average, target-locked event-related potential (ERP) waveforms at selected occipital, temporal, and central electrodes as a
function of facial expression and sentence–expression congruency.
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Figure 3. PCA-derived temporal factors. Temporal factors sensitive to experimental manipulations (N170, N400, and LPP) are marked in
color.

latency and topography revealed the following TFs as
the key components: TF5 (peaking around 160 ms),
TF4 (peaking around 260 ms), and TF2 (peaking
around 350 ms), corresponding to the N170, N400,
and LPP components, respectively. These labels will
be employed hereafter to make results easier to under-
stand. The sPCA subsequently applied to TF scores
extracted two spatial factors for the N170, N400, and
LPP components, respectively.

Repeated-measures ANOVAs on N170, N400, and
LPP spatial factors (directly related to amplitudes,
as previously indicated) were carried out for the

Congruency and Target Emotion factors. The results of
this analysis are summarized in Table 2. A significant
effect of Target Emotion was found in N170 both
in parieto-occipital [F(1, 19) = 14.17, p = .002,
η2 = 0.4] and fronto-central [F(1, 19) = 13.06,
p = .001, η2 = 0.42] spatial factors, with larger ampli-
tudes for happy targets as compared to angry faces.
The main effect of Target Emotion was also observed
in N400 in a temporo-parieto-occipital scalp factor
[F(1, 19) = 6.24, p < .05, η2 = 0.24], again with
greater amplitudes for happy than for angry faces
(see Figure 4). Finally, the main effect of Congruency
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TABLE 2
Results of the ANOVA performed on relevant temporo-spatial PCA factors. An asterisk denotes that the factor is significant

(p < .05, 2 × 2 ANOVA, see text for further details)

Temporal factor Spatial factors Congruency Emotion Congruency × emotion

TF6 (P100) Fronto-central F(1, 19) = 0.389 F(1, 19) = 0.159 F(1, 19) = 0.002
Occipital F(1, 19) = 0.279 F(1, 19) = 1.552 F(1, 19) = 0.022
Temporo-parietal F(1, 19) = 0.019 F(1, 19) = 0.013 F(1, 19) = 0.157

TF5 (N170) Fronto-central F(1, 19) = 2.311 F(1, 19) = 13.06∗
Anger > Happy

F(1, 19) = 0.167

Parieto-occipital F(1, 19) = 0.629 F(1, 19) = 14.17∗
Anger > Happy

F(1, 19) = 0.167

TF4 (N400) Fronto-central F(1, 19) = 0.415 F(1, 19) = 0.111 F(1, 19) = 0.032
Temporo-parieto-occipital F(1, 19) = 0.186 F(1, 19) = 6.239∗

Anger > Happy
F(1, 19) = 0.094

TF2 (LPP) Fronto-central F(1, 19) = 12.46∗
Incongruent > Congruent

F(1, 19) = 2.79 F(1, 19) = 0.353

Temporo-parieto-occipital F(1, 19) = 0.817 F(1, 19) = 2.99 F(1, 19) = 0.095

N170

(Happy/Angry)

–0.167 –0.084 0.000

LPP

(Congruent/Incongruent)

0.167–0.335 –0.251 0.084 0.251 0.335

SF 1

–0.885 –0.664 –0.442 –0.221 0.000 0.221 0.442 0.664 0.885
0.5710.428

SF 2

–0.571 –0.428 –0.285 –0.143 0.000 0.143 0.285

N400

–1.498 –1.124 –0.749 –0.375 0.375 1.4981.1240.7490.000

(Happy/Angry)

Figure 4. Scalp maps representing the differences between Happy and Anger, in the case of fronto-central N170, parieto-occipital N170, and
temporo-parieto-occipital N400, and between Congruent and Incongruent in the case of fronto-central LPP.
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was evident in the LPP in a fronto-central factor
[F(1, 19) = 12.46, p = .002, η2 = 0.39]. Amplitudes
were maximal on trials where the target face was
preceded by emotionally incongruent sentences (see
Figure 2). Figure 4 shows scalp maps represent-
ing the distribution of difference waves for each
of the significant main effects (Target Emotion and
Congruency), corresponding to those spatial factors
that reached statistical significance. In other words,
these scalp maps reflect the differences between Happy
and Anger, in the case of fronto-central N10, parieto-
occipital N170, and temporo-parieto-occipital N400,
and between Congruent and Incongruent in the case
of fronto-central LPP.

Source localization data

The last step consisted of localizing the corti-
cal sources underlying the main ERP components
observed at the scalp level. To that aim, the sLORETA

algorithm was applied to N170, N400, and LPP
TF scores averaged across subjects and conditions.
As shown in Figure 5, voxels in the middle temporal
gyrus (BA 21, x = 65, y = –55, z = 5), precuneus (BA
19, x = –30, y = –85, z = 40) and intraparietal sulcus
(BAs 40/7, X = –45, Y = –55, Z = 55) were maxi-
mally involved in the generation of N170, N400, and
LPP, respectively.

DISCUSSION

In the present study, participants performed an emo-
tion recognition task with target angry and happy faces
preceded by short sentences describing daily situa-
tions that might be congruent or incongruent with the
expression shown by the face. These sentences were
intended to act as the context in which the faces would
be perceived. Behaviorally, an effect of congruency
was observed, with slower identification of the tar-
get expression in those trials where the expression
was incongruent with the emotional meaning of the
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preceding sentence. At the electrophysiological level,
temporal-spatial PCA applied to activity recorded in
the presence of the target faces revealed several com-
ponents, three of which were sensitive to our exper-
imental operations. These components were identi-
fied with the N170, the N400, and the LPP compo-
nents according to their distribution and topography.
Moreover, source analysis revealed probable neural
generators for these components that are consistent
with those found in previous studies (see discus-
sion below). The main result obtained in the study
was the differential sensitivity of these components
to the two variables of interest, the expression shown
by the target face and the congruency between that
expression and the emotional meaning of the pre-
ceding sentence. N170 and N400 showed sensitivity
to the first variable, as they were enhanced in the
presence of happy faces. This effect was not mod-
ulated by the congruency between the expression
and the preceding sentence context as it appeared
in both congruent and incongruent trials. However,
an effect of congruency was observed on the LPP.
This later component showed larger amplitudes dur-
ing the processing of target faces showing emotional
expressions that were incongruent with the preced-
ing context. This pattern of results reveals dissocia-
ble modulations of different ERP components by the
emotional valence of faces and by the congruency
between the facial expression and the preceding
context.

N170

As was discussed in the introductory section, the
N170 is the earliest ERP component identified in
most studies as being differentially sensitive to faces.
It appears as a negativity at occipitotemporal sites that
is enhanced in the presence of faces compared to other
types of objects. Source analysis and intra-cranial ERP
recordings have revealed cortical sources in temporal
cortices including the fusiform gyrus and the middle
temporal gyri (e.g., Herrmann, Ehlis, Muehlberger, &
Fallgatter, 2005; Itier & Taylor, 2004). In our study,
source analysis at the N170 latency revealed a main
source in the middle temporal gyrus, which is in line
with previous research. Although there is still con-
troversy regarding the possibility that N170 to faces
can be modulated by emotion (Eimer & Holmes,
2002; Herrmann et al., 2002), there is now accumu-
lating evidence that this component is sensitive to
emotional expression and affective valence (Aguado
et al., 2012; Batty & Taylor, 2003; Blau et al., 2007;
Caharel et al., 2005). Moreover, the N170 component

has been found, in some studies, to be modulated by
the congruency between emotional faces and picture
backgrounds (Righart & de Gelder, 2006, 2008b). This
result is theoretically relevant because it suggests that
integration of affective information from the face with
contextual information takes place at early stages of
visual processing. However, in our study, we failed to
find evidence of N170 modulation by the congruency
between the expression of the face and the content
of the preceding sentence. In fact, what we observed
was a main effect of emotion that was not modu-
lated by affective congruency, as it appeared as an
increased negativity elicited by happy faces in both
congruent and incongruent trials. One main differ-
ence between our study and those by Righart and De
Gelder is that while these authors used as contexts
visual scenes presented simultaneously with the target
face, we used verbal descriptions of emotion-inducing
situations that the participants read just before see-
ing the faces. These differences might be important
for several reasons. First, presenting simultaneously
the visual context and the face might produce per-
ceptual interactions that might explain by themselves
the increased N170 amplitudes observed on congru-
ent trials. Perhaps of more theoretical relevance are the
differences that may derive from the different codes,
visual and linguistic, in which the contexts were pre-
sented in ours and in Righart and De Gelder’s studies.
There is evidence that the affective gist is fast and
effectively extracted from pictures even with very short
exposure durations (Calvo, Nummenmaa, & Hyönä,
2008; Gutierrez, Nummenmaa, & Calvo, 2009), and
ERP studies have indeed found modulation of early
visual components by high-arousal pictures (e.g., Foti,
Hajcak, & Dien, 2009; Junghöfer, Bradley, Elbert, &
Lang, 2001). These early modulations probably reflect
attentional capture, driven by general, basic affective
stimulus properties such as arousal or affective gist.
It is possible that the early face processing opera-
tions indexed by the N170 component are influenced
by the output of systems performing a raw affective
analysis of the background on which the face is pre-
sented. However, this may not be the case for the
output of more conceptual analysis of complex lin-
guistic messages, such as those conveyed by our sen-
tence contexts. If this were so, it might explain why
in the present study the N170 component was not
sensitive to the congruency of the face with the con-
text set by the preceding linguistic description of an
emotional situation. There is, however, contradictory
evidence on the possibility that linguistic information
may modulate early face processing. On the one hand,
enhanced N170 amplitudes have been reported by
Landau, Aziz-Zadeh, and Ivry (2010, Experiment 1) to
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faces preceded by sentences describing facial features,
compared to those trials where the preceding sen-
tence described a place. On the other hand, and
more pertinent to our results, Krombholz, Schaefer,
and Boucsein (2007) failed to find an effect of the
congruency between target schematic facial expres-
sions and preceding emotional adjectives on this com-
ponent. Together with the results from the present
study, this last result suggests that the N170 com-
ponent may not be sensitive to affective congruency,
at least when affective meaning is expressed in an
abstract, linguistic code.

N400

As was discussed in the introductory section, the
N400 component is usually sensitive to semantic
congruency in paradigms with verbal stimuli and
has been found, in some studies, to be also mod-
ulated by the affective congruency between emo-
tional prime and target stimuli. Previous studies have
shown evidence that the left temporal lobe is a main
contributor to the scalp-recorded N400 (see reviews
by Lau, Phillips, & Poeppel, 2008; Van Petten &
Luka, 2006). In the present study, source localization
analysis gave the precuneus as the probable neural
source of this component. Similar localization has
been found in previous studies with faces (Jemel,
George, Olivares, Fiori, & Renault, 1999) and ver-
bal stimuli (Silva-Pereyra et al., 2003). The extent to
which the N400 component responds to the affective
congruency between a target stimulus and preceding
primes or contexts is not well settled. Some stud-
ies have indeed found the usual N400 effect, that
is, increased amplitudes on congruent trials (Morris,
Squires, Taber, & Lodge, 2003; Zhang, Lawson, Guo,
& Jiang, 2006; Zhang et al. 2010), while others have
failed to obtain differential effects (e.g., Herring et al.,
2011; Hinojosa et al., 2009; Taylor, 2010) or even
have obtained inverse priming effects, with more neg-
ative amplitudes on congruent trials (Aguado et al.,
2013; Paulmann & Pell, 2010). In the present study,
no congruency effects were found on the N400 com-
ponent. This result contrasts with that reported in the
already mentioned study by Krombholz et al. (2007).
These authors found enhanced N400 amplitudes on
those trials where the faces were preceded by emo-
tionally incongruent adjectives. Similarly, Paulmann
and Pell (2010) observed the usual N400 effect
in response to emotional faces when these were
preceded by affectively incongruent voice intona-
tions with a 400 ms stimulus onset asynchrony
(SOA), though the effect was inverted (that is, the

N400 component was enhanced on congruent trials)
at a shorter, 200 ms SOA. However, the absence
of congruency effects in our study was not com-
pletely unexpected, given the mixed evidence on
the effects of affective congruency on the N400
component.

The main effect of emotion was found on the
N400 component, with more negative-going deflec-
tions in the case of happy targets. Effects of emo-
tion on the N400 component with face stimuli have
been reported before (Eimer, 2000; Paulmann & Pell,
2009; Zhang, Li, & Zhou, 2008). Similar effects have
also been obtained with visually presented words
(Holt, Lynn, & Kuperberg, 2009; Schirmer, Kotz, &
Friederici, 2005; Trauer, Andersen, Kotz, & Müller,
2012). These effects have been interpreted as reflecting
enhanced processing of stimuli endowed with emo-
tional meaning. According to this interpretation, the
result obtained in the present study would suggest
that happy faces were, in general, more deeply pro-
cessed and that this effect was independent of the
congruency between the face and the preceding con-
text. Although modulations of ERP components by
negative emotional expressions have been frequently
reported, with enhanced amplitudes in the presence
of negative faces (e.g., Aguado et al., 2012; Eimer
& Holmes, 2002; Schupp et al., 2004), other studies
have reported opposite results suggesting a “positivity
bias” that favors the processing of happy faces. More
specifically, increased amplitudes elicited by happy
faces have been detected at different latencies corre-
sponding to the N170 and to later components, such
as the P300 and early posterior negativity (EPN) (e.g.,
Carretié et al., 2012; Marinkovic & Halgren, 1998;
Schacht & Sommer, 2009). These enhanced ampli-
tudes might reflect a processing bias, whose function
might be to facilitate attention to highly relevant social
information that communicates positive states and
approach dispositions.

LPP

Affective congruency effects were detected on a later
positive component with maximal amplitudes around
350 ms, corresponding to the LPP. This compo-
nent showed larger amplitudes at fronto-central scalp
regions for incongruent targets, that is, in those trials in
which the target face showed an emotional expression
that was incongruent with the content of the preced-
ing sentence. This effect was not modulated by target
valence, as it was evident with both happy and angry
target faces.
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As was mentioned in the introductory section, mod-
ulation of the LPP by prime–target congruency has
been reported before in the affective priming paradigm
(Herring et al., 2011; Hinojosa et al., 2009; Werheid
et al., 2005; Zhang et al., 2010). It has been proposed
that this effect and the similar effect observed in stud-
ies on violation of social expectancies might be related
to the detection of evaluative incongruency (Baetens
et al., 2011; Herring et al., 2011), that is, to the detec-
tion of a discrepancy between the valences of the target
and the preceding prime or context. This contrasts to
the functional meaning of the N400 component that
would rather be related to processes of a more seman-
tic nature, such as the integration of the target with
the preceding semantic context (Kutas & Federmeier,
2011). Results supporting a similar distinction
between the functional meaning of the LPP and
N400 components have been obtained by Bartholow
et al. (2001) in a study on social expectancies. In this
study, the N400 component was found to be sensi-
tive to semantic congruency but not to expectancy
violations. In contrast, the LPP was sensitive to
expectancy violations but not to semantic congruency.
In paradigms using emotional stimuli, as in the present
study, the distinction between semantic and evalua-
tive congruencies would correspond to the detection
of congruency in relation to two different levels of
affect-related computations, the first one related to the
evaluation of the stimulus as pleasant or unpleasant
(affective valence computation) and the second one
having to do with the analysis of the specific mean-
ing of the stimulus as related to specific emotions
(emotion content computation). Discrepancy between
the valences of the target and the preceding prime or
context would lead to the detection of evaluative incon-
gruency. On the other hand, discrepancy in terms of
emotion content (e.g., between a happy-related tar-
get and an anger context) would lead to the detection
of incongruency in terms of specific emotional mean-
ing. According to this account, the pattern of results
obtained in the present study, with congruency effects
on LPP but not on N400, might be interpreted as show-
ing an effect of evaluative congruency in the absence
of semantic congruency effects.

Two aspects of the LPP results obtained in the
present study deserve special comment. First, although
sPCA yielded two spatial factors for this component
(temporo-parieto-occipital and fronto-central), signifi-
cant effects of context–target congruency were found
only in the fronto-central component. The correspon-
dence of these positivities with the LPP is supported
by both its scalp distribution and the location of
its neural generators suggested by source analysis.
Source analysis pointed to the intra-parietal sulcus as

the cortical region maximally involved in the gen-
eration of the component. This is coincident with
the results of functional imaging studies that have
found a positive correlation between the amplitude of
the LPP and blood oxygen level dependent (BOLD)
signal changes in visual parietal areas (Sabatinelli,
Keil, Frank, & Lang, 2012; Sabatinelli, Lang, Keil,
& Bradley, 2007). Furthermore, extended positivities
with anterior distributions, such as those observed
here, have been previously observed in several stud-
ies on the effect of context–target or prime–target
congruency with socio-emotional stimuli. For exam-
ple, and enhanced frontal positivity in the LPP latency
range has been observed in studies on the effects of
violations of social expectancies (e.g., Baetens et al.,
2011; Bartholow et al., 2001; Leuthold, Filik, Murphy,
& Mackenzie, 2012). Modulations of frontal positiv-
ities in the same latency range are also documented
in studies with emotionally arousing words (Hinojosa,
Méndez-Bértolo, & Pozo, 2012; Méndez-Bértolo,
Pozo, & Hinojosa, 2011) and in studies looking at
the effects of semantic congruency (e.g., Federmeier,
Wlotko, De Ochoa-Dewald, & Kutas, 2007; Molinaro,
Carreiras, & Duñabeitia, 2012). Although there is at
present no formal explanation for the possible func-
tional basis of the frontally distributed LPP, results
obtained in different paradigms using verbal stimuli
suggest that it might reflect an increase in resource
demands in cases where targets are especially diffi-
cult to integrate with immediately preceding contexts
or primes (Federmeier et al., 2007; Hinojosa et al.,
2012; Méndez-Bértolo et al., 2011; Molinaro et al.,
2012). For example, Federmeier et al. (2007) found an
enhanced positivity that was most prominent on frontal
sites when unexpected target items were embedded in
strongly constraining sentence contexts. Therefore, it
might be speculated that, in our case, the enhanced
frontal LPP could reflect the high constraint set by
the sentence context in terms of the valence of the
facial expression that would be more expected given
the valence of the sentence. More specifically, while
anger-related sentences would set a strong expectation
that the person would react with a negative expression,
happy-related sentences would set a strong expectation
that the person would react with a positive expression.
The enhanced LPP on incongruent trials would reflect
the detection of a discrepancy between the expecta-
tion set by the context and the valence of the actual
expression shown by the target face.

The second aspect of the LPP results obtained in the
present study is the relatively early latency at which
this component appeared, at least compared to what
has been found in studies with emotional pictures (e.g.,
Cuthbert et al., 2000; Weinberg & Hajcak, 2010) that
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have reported LPP effects on the 400–700 ms range
and longer. However, effects of emotion on the LPP at
shorter latencies are not uncommon, with some stud-
ies describing effects that start at latencies shorter than
300 (Hajcak, 2006; Hajcak, Dunning, & Foti, 2009;
Moser, Hajcak, Bukay, & Simons, 2006). This and the
sustained character of the LPP, that may last after pic-
ture presentation (e.g., Cuthbert et al., 2000; Weinberg
& Hajcak, 2010), is compatible with the description
of the LPP as the sum of several overlapping positivi-
ties with different temporal properties rather than as a
single component (Hajcak, Weinberg, MacNamara, &
Foti, 2012).

CONCLUSIONS

In the present study, modulations of the amplitude of
different ERP components at post-stimulus onset times
were observed in the presence of target faces showing
happy or angry expressions. There were two sources
of these modulations, the emotional expression of the
face and the affective congruency between that expres-
sion and the preceding sentence context. Emotion-
related modulations appeared first, as enhancements
of the amplitude of the N170 and N400 components
in the presence of happy faces. The fact that this
effect appeared in both congruent and incongruent tri-
als suggests that it is the product of more automatic
processes that are not under contextual modulation and
that probably reflect an enhancement of perceptual and
attentional processing driven by the affective valence
of the stimulus. ERP effects suggestive of more flex-
ible processing operations that probably reflect the
computation of the congruency between the valences
of the facial expression and the preceding context
were evident only at a later latency and appeared as
an enhanced amplitude of the LPP. This last result
provides new evidence suggesting that processing of
facial expressions of emotion is sensitive to situa-
tional contexts that simulate the complex emotional
environments in whose presence we perceive facial
expressions of emotion in everyday life.

The main conclusion that can be drawn from the
present study concerns the timing of cognitive opera-
tions reflecting the initial processing of the affective
valence of facial expressions and those involved in
evaluating the congruency of the expression with the
knowledge about the expresser’s situation provided by
the immediately preceding context. According to our
results, these two types of cognitive operations can
be dissociated and have a different temporal course.
While the two earliest components that were sensitive
to our experimental variables, the N170 and the N400,

showed effects of emotion that were independent of
congruency, the later component, LPP, was sensitive to
affective congruency but did not respond to affective
valence. The absence of congruency effects on the
N170 component contrasts with the results from pre-
vious studies where the face targets appeared on the
background of emotionally arousing pictures (Righart
& de Gelder, 2006, 2008b). This discrepancy is prob-
ably due to the nature of the contexts used in each
case. While pictures can be very effective to produce
a strong emotional impact based on fast and auto-
matic gist processing, the decoding of the meaning of
our sentence contexts requires complex cognitive pro-
cesses of a more conceptual nature. What we suggest
is that the discrepancy between our results and those
of Righart and De Gelder reflects the sensitivity of
different stages of facial expression processing to mod-
ulation by different types of contexts. While early pro-
cessing stages related to the initial perceptual coding
of the face can be influenced by the output of noncon-
ceptual processes that rapidly extract the affective gist
of pictorial stimuli, interaction with the output of more
conceptual and deliberate processes that decode the
meaning of linguistic contexts takes place only at later,
possibly post-perceptual stages. However, we must
recognize that a more complete understanding of the
contextual modulation of facial expression processing
would require further studies along these same lines,
explicitly contrasting the effects of different types of
contexts of varying content and complexity.

Finally, we have to point some characteristics of
our study that may limit the generalizability of our
results. First, the sentences and faces used in the design
contained only stimuli related to two emotions, hap-
piness and anger. More definitive conclusions would
require the use of a broader set of emotional stim-
uli. However, a complete design with several emotions
would require an unmanageably large number of tri-
als, especially taking into account the high number
of samples per experimental condition needed when
using ERPs as the dependent variable. This is per-
haps the reason why, in previous related studies, a
small number of expressions (two or three) have been
also used (e.g., Righart & de Gelder, 2006, 2008a,
2008b). Second, our results were obtained with a
sample composed mainly by females. This might be
important given that research on gender differences
in face perception and in the decoding of emotional
expression has usually found higher proficiency in
females (e.g., Biele & Grabowska, 2006; Lewin &
Herlitz, 2002; for a meta-analysis study, see McClure
(2000)). Moreover, some studies using the affective
priming paradigm with different types of stimuli, such
as odors (Hermans, Baeyens, & Eelen, 1998) and
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words (Schirmer et al., 2005), have found stronger
behavioral priming in female than in male participants.
Finally, there is some evidence that these effects are
also manifest at the level of brain activity, at least in
the case of word stimuli (Schirmer, Kotz, & Friederici,
2002). The extent to which these effects can be gener-
alized to priming effects with facial expressions is not
known. In any case, given the composition of the par-
ticipant sample in the present study, caution should be
taken when generalizing our conclusions to the male
population.
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APPENDIX A

Negative, anger-inducing sentences

Sentence Agreement (%) Intensity

Le comunican que han perdido su equipaje en el aeropuerto
(He is informed at the airport that his luggage has been lost)

85,714 7,57

Le han despedido del trabajo sin avisarle
(He is fired without warning)

82,143 8,33

Le han robado el móvil que acababa de comprar
(His brand new mobile phone has just been stolen)

82,143 7,75

Lleva dos horas haciendo cola y alguien intenta colarse
(He has been queuing for two hours when someone tries to cut in before him)

89,286 6,14

Se da cuenta de que han estado espiando en su ordenador
(He notices that someone has been spying on him through his computer)

96,429 7,04

Se da cuenta de que unos gamberros le han rayado el coche
(He notices someone has vandalized his car)

85,714 7,00

Se queda sin concierto porque le han vendido entradas falsas(He isn’t allowed
into the concert because he has been sold fake tickets)

92,857 7,67

Tiene que madrugar y el ruido de una fiesta le impide dormir
(He needs to wake up early the next morning and the noise from a party won’t
let him sleep)

85,714 7,11

Una máquina dispensadora se ha tragado el poco dinero que tenía
(A vending machine has eaten the little money he has left.)

82,143 5,89

Se ha quedado sin vacaciones porque los controladores están de huelga
(He has to miss his holidays because of an air traffic controller strike)

78,571 7,71

Positive, happiness-inducing sentences

Sentence Agreement (%) Intensity

Ha ganado dos entradas para asistir al concierto de su grupo favorito
(He wins two tickets to see his favorite band in concert)

96,43 7,54

Ha ganado la oposición que había preparado con gran esfuerzo
(He passes the board exam he has studied very hard for)

92,86 8,18

Ha conseguido que le den el ascenso que tanto deseaba en el trabajo
(He receives the promotion he wanted at work)

85,71 7,78

Ha conseguido reunir el dinero para comprar el coche que deseaba
(He manages to raise the money he needs to get the car he always wanted)

82,14 6,86

Por fin le han entregado las llaves de su primer piso
(He is finally given the keys to his first house.)

100,00 7,33

Está disfrutando del primer día de vacaciones que tanto necesitaba
(He is enjoying the first day of his much-needed holidays)

82,14 7,46

Ha conseguido que le seleccionen para un casting muy importante
(He is selected for a very important casting)

89,29 7,54

Por fin ha conseguido la cita que tanto ansiaba con la persona de sus sueños
(He finally gets a date with the person of his dreams)

85,71 7,89

El equipo de fútbol de su país acaba de ganar el mundial
(His country’s soccer team has just won the world cup)

85,71 6,32

Le han concedido una importante beca para estudiar en el extranjero
(He is given an important grant to study abroad.)

85,71 8,07
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APPENDIX B2

Screen 1
You will see faces and sentences in each trial of this task

The sentences describe what has just happened to the person whose face you will see along
with the sentence

On each trial you will see
(1) The face of the person

(2) The sentence describing what has just happened to her/him
(3) The face that the person puts when after finding out what happened

Press the space bar to continue

Screen 2
When the sentence appears, please read it and then press the space bar

Your task will be to indicate which expression) the face shows (happy or angry,
pressing the following keys:

c = angry m = happy
Press the space bar when you’re ready

2 Original text in Spanish.
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