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Early visual ERPs are influenced by individual
emotional skills

Emilie Meaux, Sylvie Roux, and Magali Batty
UMR Inserm U930, Université Francois Rabelais de Tours, CHRU de Tours, Centre Universitaire de Pédopsychiatrie, 37044 Tours Cedex 9, France

Processing information from faces is crucial to understanding others and to adapting to social life. Many studies have investigated responses to facial
emotions to provide a better understanding of the processes and the neural networks involved. Moreover, several studies have revealed abnormalities of
emotional face processing and their neural correlates in affective disorders. The aim of this study was to investigate whether early visual event-related
potentials (ERPs) are affected by the emotional skills of healthy adults. Unfamiliar faces expressing the six basic emotions were presented to 28 young
adults while recording visual ERPs. No specific task was required during the recording. Participants also completed the Social Skills Inventory (SSI)
which measures social and emotional skills. The results confirmed that early visual ERPs (P1, N170) are affected by the emotions expressed by a face
and also demonstrated that N170 and P2 are correlated to the emotional skills of healthy subjects. While N170 is sensitive to the subject’s emotional
sensitivity and expressivity, P2 is modulated by the ability of the subjects to control their emotions. We therefore suggest that N170 and P2 could
be used as individual markers to assess strengths and weaknesses in emotional areas and could provide information for further investigations of

affective disorders.
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INTRODUCTION

Facial expressions are assumed to be one of the main aspects of face
processing involved in social interaction. More rapid than language,
facial emotions make it possible for us to infer states of mind rapidly
and to understand the feelings and intentions of others, allowing us to
establishing interpersonal connections early in life. By adulthood, in-
dividuals are not only highly proficient and very quick at recognising
expressions of emotion in others (De Sonneville et al., 2002; Ekman,
2003) but also able to identify even very subtle expressions of emotion
(Calder et al., 1996). Because of their importance in everyday life,
responses to emotional faces have been the subject of considerable
interest in the field of psychology, neuroscience and psychiatry.
Emotional skills involve the ability to carry out (i) accurate decoding
and understanding of emotional messages as well as (ii) accurate rea-
soning about emotions and the ability to use emotions and emotional
knowledge to enhance thought. In this view, the first of these skills
could rely more on emotional sensitivity (ES), whereas the second
could be more linked to emotional expressivity (EE) and emotional
control (EC). A more complete understanding of emotional ability
requires an appreciation of how its measures relate to life outcomes,
i.e. what does emotional abilities/intelligence predict (or not) in life
outcomes? [for a review see (Mayers et al., 2008)]. The most consistent
findings reported in literature relate emotional intelligence to social
functioning. Some studies have addressed the ways in which emotions
facilitate thinking and action. For example, emotions allow people to
be better decision makers (Lyubomirsky et al., 2005), helping them
pick the more relevant response in term of survival and social benefits
(Damasio, 1998). In addition, higher emotional abilities lead to greater
self-perception of social competence and less use of destructive inter-
personal strategies (Brackett et al., 2004; Lopes et al., 2004). Moreover,
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individuals with higher emotional skills are perceived more positively
by others (Brackett et al., 2006; Lopes et al., 2005). In a more individ-
ual approach, emotional abilities also count for a better psychological
well-being (Matthews et al.,, 2002; Bastian et al., 2005; Gohm et al.,
2005). Thus, these influences of emotional abilities may be considered
as a part of the mechanisms driving individual and social adaptation.
In the point above, we have briefly painted a picture regarding what
the consequences in different emotional skills might lead to. We will
now distill what we regard as key results concerning neural correlates
of faces and emotion processing.

Over the past 15 years, several electrophysiological studies have
investigated the timing of face processing (Vuilleumier and Pourtois,
2007). A ‘face-sensitive’ component, referred as N170 (Bentin et al.,
1996; George et al., 1996), as well as more sensory visual ERPs (P1, P2)
appeared to be related to face processing at different time points.
Although the P1 is not ‘ face specific’, this reflection of the first
stages of visual processing (detection) (Taylor and Pang, 1999; Batty
and Taylor, 2002), registered as early as 90-130 ms at occipital sites,
presents shorter latency in response to faces than objects (Taylor et al.,
2001). Seventy milliseconds after, in occipito-temporal sites, the N170
has been also shown to be larger for pictures of faces than for other
object categories (Bentin et al, 1996; Ganis et al, 2012; Itier and
Taylor, 2004) and to be modulated by face size, orientation and inver-
sion (Itier et al., 2006; Chammat ef al., 2010; Jacques and Rossion,
2010). Finally, at the same sites as P1, recorded at around 200-250 ms,
the P2 component may reflect a later stage of face processing, corres-
ponding to the perception of second-order configural information
(spatial relationship between the different facial features) (Itier and
Taylor, 2004; Boutsen et al., 2006).

Emotion recognition and face processing are highly intertwined.
Thus, it is not surprising that numerous electroencephalographic
(EEG) and magnetoencephalographic (MEG) studies have found emo-
tional modulation on N170 (Batty and Taylor, 2003; Streit et al., 2003;
Caharel er al., 2005; Morel et al., 2009). For example, the amplitude of
N170 in response to fearful faces is greater than to neutral or surprised
faces (Batty and Taylor, 2003; Ashley et al., 2004; Rotshtein et al.,
2010), and positive emotions evoke a N170 significantly earlier than
negative emotions (Batty and Taylor, 2003). P1 is also affected by facial
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emotion (Batty and Taylor, 2003; Eger et al., 2003; Pourtois et al., 2004;
Brosch et al., 2008), suggesting the possibility of extremely rapid emo-
tional face processing. For example, fear evokes a delayed P1 compo-
nent compared to positive emotions (happy and surprised faces),
whereas happy faces evoked an earlier P1 than the three negative emo-
tions (fear, disgust and sadness) as early as childhood (Batty and
Taylor, 2006). P1 amplitude was also modulated by emotion in
adults, increasing in response to sad (Chammat et al, 2010), fearful
(Pourtois et al., 2004, 2005; Rotshtein et al., 2010) and happy faces
(Duval et al., 2011) compared with neutral faces. Fearful faces also
evoked a larger P1 response than happy faces (Pourtois et al, 2004,
2005). It therefore seems that facial expression of emotion involves
processes occurring as early as 100-170 ms. Moreover, recent findings
have also revealed later emotion-related modulations of P2
(200250 ms) (Holmes et al., 2003; Ashley et al., 2004; Eimer and
Holmes, 2007; Rotshtein et al, 2010; Yang et al., 2010), the EPN
(Early Posterior Negativity: 240-280 ms) (Junghofer et al., 2001; Sato
et al., 2001; Schupp et al., 2004) and the LPP (Late Positive Potential:
400-800 ms) (Krolak-Salmon et al., 2001; Sato et al., 2001; Batty and
Taylor, 2003; Schupp et al., 2004). Both early and late ERP components
affected by facial emotions are thought to reflect distinct cognitive
processes. Specifically, early ERP components such as P1 and P2 as
well as EPN are thought to reflect early selective visual processing of
emotional stimuli, whereas late ERP components such as LPP are
thought to reflect more strategic high-level processes such as decision
making, response criteria and sustained elaborate analysis of emotional
content (Batty and Taylor, 2003; Ashley et al, 2004; Schupp et al,
2004; Moser et al., 2006), and are thought to be driven by motivational
salience (Hajcak et al., 2010).

Men and women seem to process emotions differently. From infancy
through adulthood, reviews of the literature on sex differences have
revealed a female advantage in the ability to distinguish between and
interpret facial expressions as well as other non-verbal emotional cues
(Boyatzis et al., 1993; Leppanen and Hietanen, 2001; Lewin et al, 2001;
Lewin and Herlitz, 2002; Grispan et al., 2003). In addition to common
knowledge of gender differences in processing emotion, neuroimaging
studies have also reported gender differences in cerebral activity in
response to relevant emotional stimuli (Batty and Taylor, 2006; Lee
et al., 2010; Proverbio et al., 2010). Therefore, both behavioural and
cerebral sex differences have been pointed out in emotional processing,
suggesting that emotional skills might interact with brain activity.

Difficulties in face processing and emotional face processing have
been reported in almost all affective disorders, such as autistic spectrum
disorders (ASD) (Hobson, 1986; Deruelle et al., 2004; Clark et al., 2008;
Wright et al., 2008), major depression (Surguladze et al., 2004; Sterzer
et al., 2011) and bipolar disorders (BD) (Addington and Addington,
1998; Malhi et al., 2007; Rosen and Rich, 2010). Behaviourally, these
alterations include impairments in the recognition and labelling of facial
affect and/or an attentional bias towards negative emotional cues, which
could explain some of the social interactions problems in such patients.
Moreover, recent studies have revealed abnormalities in the timing of
neural activations involved in face and emotion perception in these
affective disorders. Both the P1 and the N170 component appeared to
exhibit atypical characteristics (latencies and amplitude) perceiving
faces expressing emotions in people with autism compared with control
subjects (Dawson et al., 2004; O’Connor ef al., 2005; De Jong et al., 2008;
Akechi et al., 2010; Batty et al., 2011). Moreover, dipole source analysis
revealed that the activation of the generator sustaining ERP relating to
face processing (visual cortex, fusiform gyrus, medial prefrontal lobe)
were significantly weaker and/or slower in autism compared with con-
trols during both explicit and implicit emotion-processing tasks (Wong
et al., 2008). Other results have provided evidence of dysfunctional ERP
patterns underlying facial affect processing in subjects with BD, patients
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exhibiting reduced N170 (Degabriele et al., 2011) and P1 amplitude
(Degabriele et al., 2011) compared with controls. Finally, abnormalities
in the early visual processing of faces and emotions have also been re-
ported in major depression, with larger P1 amplitude for sad cues com-
pared with the normal group (Dai and Feng, 2009).

Therefore, both emotional behaviour and ERP responses to facial
emotion appear to be affected in affective disorders, again suggesting
that emotional skills interact with brain activity.

The aim of the current study was to investigate the relationship
between visual ERPs in response to facial expressions of emotion
and individual differences in emotional skills in healthy adults.
Previous studies on healthy people have revealed differential modula-
tion of visual ERPs according to the type of emotion conveyed by the
stimuli (exogenous factor). Moreover, with regard to previous findings
regarding sex differences and affective disorders, we hypothesise that
these components should also be influenced by the subjects’ emotional
abilities (endogenous factor).

METHODS
Participants

Twenty-eight young adults with typical development and normal or
corrected to normal vision were tested (14 males, aged from 21 to 30
years, M =23.75 & 2 years). None of the participants were reported to
suffer from social disorders (including depressive syndrome) or to be
taking medication that could affect their mood or cerebral activity. All
subjects provided informed written consent prior to their participation
in the study.

Stimuli, task and assessments of emotional skills

We used EEG recordings and the Social Skills Inventory (SSI) (Riggio,
1989) to investigate the relationship between characteristics of visual
ERPs in response to expression of facial emotion and individual dif-
ferences in emotional skills.

For the social and emotional assessments, participants completed
the SSI (Riggio, 1989), which measures social and ES, expressivity
and control. The SSI is a 90 items self-reported measurement tool
widely used in psychological research to assess basic social skills that
underlie social competence. It evaluates social and emotional skills and
identifies social strengths and weaknesses. Subjects respond to the 90
items using a 5-point scale ranging from ‘Not at all like me’ to ‘Exactly
like Me’, indicating the extent to which the description of the item
applies to them. Scores are recorded for each of the scales, and a
combined score is given to indicate overall social abilities. The SSI
assesses skills with six distinct factors (15 questions measuring each
factor): EE, ES, EC, Social Expressivity, Social Sensitivity and Social
Control. Once these six primary skill scores have been calculated, the
SSI also provides an Equilibrium Index (EI) score indicating the bal-
ance between all the different factors. An EI score over 39 suggests a
satisfactory balance between the SSI dimensions and is indicative of
strong overall social skills, whereas an EI score under 39 indicates a
significant imbalance between the social skills dimensions and general
ineffectiveness in communication skills (Riggio, 2003). In this study,
we were especially interested in the emotional scores and the EI. On the
Emotional dimension, EE assesses the ability to encode and transmit
emotional messages, ES evaluates skill in decoding and understanding
emotional messages and EC corresponds to the degree to which the
responder is efficiently able to regulate his non-verbal display of felt
emotions.

For the ERP task, 210 black and white photographs of adult faces
expressing the six basic emotions (Batty and Taylor, 2003b) as well as
neutral faces (Figure 1) were presented twice in three blocks in random
order. Each block contained 70 different facial stimuli, 10 of each
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Fig. 1 Examples of faces used as stimuli, expressing the six basic emotional expressions (sadness, fear, disgust, anger, surprise and happiness) and neutral. All of the faces were correctly classified by emotion
by at least 80% of 20 observers (who did not serve as subjects in this experiment). See Batty and Taylor (2003a).

expression, 5 males and 5 females. The mean luminance and local
contrasts were equalised across expressions (Batty and Taylor, 2003).
All photographs were 11 x 8 cm and were presented using Presentation
software on a light grey background on a computer screen 120 cm in
front of the subject (visual angle of the stimuli = 3.8°) for 500 ms, with
a random ISI (1200-1600 ms). Subjects were comfortably seated on a
chair and were told that they would be shown a set of photographs
without any further information. To ensure that subjects paid atten-
tion to the stimuli, we asked the participants to stare at a fixation cross
that preceded each stimulus. They were naive regarding the specific
issues being investigated. Total recording time lasted 15 min including
breaks.

Electrophysiological acquisition and analysis

EEG data were recorded from 18 Ag/AgCl active electrodes fixed on the
scalp according to the international 10-20 system (Oostenveld and
Praamstra, 2001): Fz, Cz, F3, C3, Ol, T3, T5 and their homologous
locations on the right hemiscalp. Additional electrodes were placed at
M1 and M2 (left and right mastoid sites), and vertical electro-oculogra-
phy (EOG) were recorded with electrodes at the superior and inferior
orbital ridge. A nose electrode was chosen as reference during the re-
cording, an average reference being calculated offline (Picton et al,
2000; Joyce and Rossion, 2005). Impedance was maintained below 5 kS2.

The EEG and EOG were amplified with a band-pass filter
(0.1-70Hz) and digitised at a sampling rate of 500 Hz. The whole
experiment was controlled by a Compumedics NeuroScan EEG
system (Synamps amplifier, Scan 4.3 and Stim2 software). EEG con-
taminated with ocular and motor activity was rejected before aver-
aging. Trials were then averaged according to the emotions expressed
by the faces (a threshold of 50 trials per subject per emotion was
required) over a 1100 ms analysis period, including a 100 ms pre-
stimulus baseline, and were digitally filtered (0-30Hz). The ELAN
software package for analysis and visualisation of EEG-ERPs was
used (Aguera et al, 2011). Visual ERPs (P1, N170 and P2) latencies
were measured for each subject at the electrodes sites of interest. ERPs
amplitudes were measured at this latency on both hemispheres within
a 40 or 60ms time window around the peak of the grand average
waveform, as recommended in international ERP guidelines (Picton
et al., 2000). P1 and P2 were measured at O1, O2 (between 80-120 ms
and 190-250 ms, respectively); N170 was measured at T5 and T6
(between 120 and 180 ms).

Data were analysed using repeated-measures analysis of variance
(ANOVA) with sex (2; men, women) as the between-subject factor
and emotions (7; sadness, fear, disgust, anger, surprise and happiness
plus neutral) and hemisphere (2; right and left) as the within-subject

factors. Results were corrected by Huynh—Feldt test. Significant inter-
actions were followed by Newman—Keuls post hoc comparisons to de-
termine where the differences lay. Then, in order to meet the study’s
aims, correlations were performed to investigate how early visual ERPs
were related to the subjects’ emotional abilities. Pearson correlations
were computed between amplitude and latency of N170, P1 and P2
components and the four emotional subscores (EE, ES, EC and EI)
with the SSI.

RESULTS

Different stages of processing were assessed by measuring the P1, P2
and N170 ERP components previously shown to be differentially sen-
sitive to faces over posterior temporo-occipital regions (Figure 2).
Statistical results and post hoc comparisons are summarised in
Tables 1 and 2, respectively.

ANOVA analysis: effects of hemisphere, sex and emotions
expressed by faces

P1 had a mean latency of 95.3+£8.7ms and mean amplitude of
5.4 £ 3.7 nV, which varied overall with the facial emotions expressed
by the faces. An effect of emotion was found on P1 latency
[F (6,156) =2.49, P=10.025, ¢ (H-F) =0.78] post hoc analyses revealed
that sadness evoked a later P1 response than disgust (P < 0.05), neutral
(P<0.01), surprise (P<0.02) or happiness (P<0.03); fearful faces
evoked a later P1 response compared with neutral faces (P<0.02)
(Table 3). The overall effect of emotion on Pl amplitude
[F(6,156) =2.22, P=0.045, ¢ (H-F =0.98)] was influenced by a smal-
ler P1 response for surprised faces than sad (P<0.01), disgusted
(P<0.02) or fearful faces (P<0.04) (Figure 3A and Table 3). For P1
amplitude, there was a main effect of sex [F (1, 26) =8.65, P=0.006],
women having a larger Pl response (7.2+£3.5uV) than men
(3.6 2.8 V). No hemisphere effect was observed on P1. No signifi-
cant or tendency to significant interaction between sex and emotion
was found.

N170 latency (around 146 & 10.2 ms) varied according to the emo-
tion displayed [F (6,156) =7.75, P=0.00002, ¢ (H-F)=0.74]. N170
latency to faces expressing fear, disgust and anger was delayed com-
pared with happy (P<0.01), surprised (P<0.02), sad (P<0.02) and
neutral (P<0.01) faces (Figure 3B and Table 3). N170 latency was also
sensitive to sex [F (1, 26) =7.243, P=0.012]: N170 peaking earlier in
women (142.2+7.8ms) compared with men (150.5=410.8 ms). No
effects of emotion (P=0.09), sex or hemisphere were found on
N170 amplitude (—3.03 £ 2.3 uV). No significant or tendency to sig-
nificant interaction between sex and emotion was found.
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Table 1 Summary analysis of ANOVA and Pearson correlations

Table 2 Summary analysis of Neuman-Keuls post hoc

Pl N170 P2 Newman—Keuls Neutral Hapiness  Sadness Fear Anger  Surprise  Disgust
Neutral
Amplitude Latency Amplitude Latency Amplitude Latency Hapiness NS
Sadness P1 Lat. P1 Lat.
Pl Lat.
ANOVA Fear N170at | NI70lat | N170lat
Emotion P=0044* P=0025* P=0009 P<000* NS NS Anger 7o | naom Twomel ns
Sex P=0.006* NS NS P=0.012* NS NS . P1lat. |N170 Lat.
Hemisphere NS NS NS NS NS NS Surprise NS NS P1Amp. | P1Amp, | N170lat
Pearson Disgust N170 lat. | N170 lLat.
EE NS NS P=0.035* NS NS NS
ES NS NS NS P=0.036" NS NS Significant effects of emotion revealed by ANOVA analyses were followed by Newman-Keuls post hoc
EC NS NS NS NS P=0.039* NS comparisons to determine where the differences lay.
El NS NS NS NS NS NS

ERP data were submitted to repeated-measures of ANOVA according to emotion (7), sex (2) and
hemisphere (2). Pearson correlations were performed between the ERP characteristics (amplitude and
latency) averaged for all emotions and the SSI emotion subscores (EE, ES, EC, El).

We also measured the P2 characteristics. ANOVA revealed no effects
of emotion, sex or hemisphere on either the latency (209.3 £ 18.2 ms)
or the amplitude (5.73 3.8 uV) of this component. No significant or
tendency to significant interaction between sex and emotion was
observed neither.

Pearson correlation: effect of SSI emotional subscores

To meet the study’s aims, correlations were used to investigate how
early visual ERPs were related to the subjects’ emotional abilities.
Pearson correlations were computed between amplitude and latency
of N170, P1 and P2 components averaged for all emotions and the
EE, ES, EC and EI scores of the SSI. The mean SSI scores obtained
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are reported in Table 3. No correlation between the different emo-
tional subscores (EE, ES, EC) was revealed, but a sex effect was
found only on the EC score (Mann—Whitney, Z=2.59; P=0.009),
women presenting lower skills for this aspect of emotional
processing.

The Pearson analysis revealed that neither the amplitude nor the
latency of P1 was correlated with EE, ES, EC or EI SSI score, but did
indicate significant correlations between N170 characteristics and the
subjects’ social abilities. N170 amplitude presented greater negativity
for subjects with low EE subscore than subjects with high EE subscore
(r=0.39, P<0.04) (Figure 4A). Spearman correlations also showed
that higher scores for ES subscore were associated with shorter N170
latency (r=—0.39, P<0.04) (Figure 4B). Moreover, the Pearson cor-
relation was significant between the mean P2 amplitude for all emo-
tions and EC (r=—0.39; P<0.04): the P2 component decreased with
greater EC abilities (Figure 4C).

When an emotion effect was revealed by ANOVA, Pearson cor-
relations were also used for ERPs averaged according to the emotion
expressed by the face. None of the ERP components evoked by one
particular type of emotion was correlated by the SSI emotion scores
(EE, ES, EC, EI). Pearson analyses only reached significance when
the ERPs evoked by neutral and emotional faces were mixed
together.

Table 3 Mean SSI profile of the 28 healthy young adults

El =43'f§'83 Expressivity Sensitivity Control Total
. EE E E
Emotional 43.89 $ 44.75 c 41.36 130
+7.17 +8.04 +7.5 +1.76
) SE SS SC

Social 44.43 46.54 48.29 139.25
+10.24 +7.97 +8.19 +1.93

Overall SSI

Total 88.32 91.29 89.64 269.25
+0.37 +1.26 +4.89 +28.74

The participants were all in the ‘normal’ range defined by the SSI (cut-off: 37.30 < EE < 56.36; 36.71
< ES < 58.25; 37.58 < EC < 54.25 and 39.25 < El < 45.71). Only the emotional scores (EE; ES; EC)
and the EI were investigated.

(@)

gl )
3
5
o
Surprise
- Fear
- ms
-100 0 00 200 Disgust
Sadness
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DISCUSSION
Summary results

The presentation of faces expressing the six different emotions
produced significant effects both in terms of amplitude and latency
starting at the P1 component (around 95 ms). Fifty milliseconds later
(at a mean latency of 146 ms), the N170 component showed differ-
ential modulation according to the emotions expressed by a face.
Moreover, N170 was significantly modulated by the emotional abilities
of the subjects (expressivity and sensitivity scores). Finally, at 210 ms,
while no emotional effect was shown, the amplitude of the P2 com-
ponent was correlated with the ability of the subjects to control their
emotions (EC scores).

Early visual ERPs were modulated by facial emotions
(exogenous factor)
The timing of emotional processing is still a matter of debate. Several
studies have failed to report an early effect of emotions (Lang et al.,
1990; Munte, 1998; Swithenby et al., 1998), suggesting that emotions
are processed quite late, in agreement with the Bruce and Young’s
model (Bruce and Young, 1986). However, studies in the past 10
years have reported that brain activity could be affected early by the
emotions conveyed by faces. Comparing neutral to emotional faces and
positive to negative emotions, early effects in response to emotions
have been recorded between 110 and 250ms (Marinkovic and
Halgren, 1998; Krolak-Salmon et al, 2001; Pizzagalli et al, 2002).
These studies did not reveal any specific emotional effect (i.e. from
one emotion to another) before 400-750 ms (Marinkovic and Halgren,
1998; Munte, 1998; Krolak-Salmon et al., 2001), consistent with emo-
tions being processed quite late, and after identity (Munte, 1998).

However, due to the role of emotions in ecological behaviour, it
seems obvious that fear or anger need to be distinguished from hap-
piness very rapidly. For example, a recent study showed that partici-
pants were indeed slower to make an eye movement away from an
angry face presented at fixation than from either a neutral or a happy
face (Belopolsky et al, 2010). This finding indicates that differential
emotion processing seems to occur before 100ms when efficient
processing is crucial for survival.

In agreement with this essential role of detection and recognition of
emotions for survival, the present study revealed differences in latency
and amplitude for early visual ERPs in response to emotional

(b) .

T5

9.15 v

ms

N170

Fig. 3 Emotional effects. (A) Grand average ERPs for surprise, disgust, fear and sadness at the right occipital electrode (02). An overall emotional effect was found on amplitude of this early visual component.
For example, P1 evoked by surprised faces was smaller than P1 recorded for disgusted, sad and fearful faces. (B) Grand average ERP for surprise, disgust, fear and sadness from a left temporo-occipital electrode
(T5). An overall effect of emotion was found on N170 latency. For example, N170 evoked by fearful faces was later than the component registered for surprised faces.
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expressions. P1 was later for sadness than for happiness, larger for
surprised faces than sad faces and N170 was later for fear, disgust
and anger compared with other emotions, confirming that the encod-
ing of facial emotion processes start as early as 100 ms and are still
occurring 50 ms later. If one takes the survival argument to comple-
tion, this seems counter-intuitive—that some negative expressions that
may signal danger have slower N170 latencies. However, if a subcor-
tical pathway is activated for negative emotions, sending information
rapidly to different levels of the ventral pathway (Adolphs, 2002), then
N170 latency may be later for these emotions due to including infor-
mation arriving from the subcortical processing (Batty and Taylor,
2003). These findings are in agreement with other recent studies in

which the P1 and N170 components have been shown to be differently
modulated by the perception of different expressions of facial emotion
(Batty and Taylor, 2003, 2006; Eger et al, 2003; Pourtois et al., 2004;
Williams et al., 2004; Caharel et al., 2007; Dennis et al., 2009; Utama
et al., 2009). Variation of the differential emotional effect found across
studies may be due to task differences, which can mask individual
effects of emotion. In fact, studies that have reported early emotional
effects have involved an implicit emotional task: the instructions did
not mention taking into account emotional expression (Batty and
Taylor, 2003; Eger et al., 2003; Pourtois et al., 2004; Williams et al.,
2004; Caharel et al., 2007; Campanella et al., 2012). For example, using
pairs of morphed faces during an implicit oddball task (delayed
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same—different matching task) Campanella et al. (2002) have reported
emotional modulations of the N170 component. In contrast, when
studies revealed a late emotional effect, an explicit task was involved:
subjects were instructed to pay attention to facial expressions
(Marinkovic and Halgren, 1998; Munte, 1998; Krolak-Salmon et al.,
2001). These results confirm the ecological role of emotion. When no
emotional perception is expected, facial emotion automatically and
rapidly modulates visual responses (as early as P1), whereas when
emotional stimulation is expected, the effect is seen later, abolishing
the ecological effect. The differences in emotional effects seen between
studies could also be due to habituation, as most studies have used
only a few faces, shown repeatedly to subjects, without considering the
effects of habituation (Breiter et al., 1996; Feinstein et al., 2002).

Early visual ERPs were influenced by individual emeotional skills
(endogenous factor)

Abnormalities in the behavioural and cerebral processing of emotional
faces have been reported in affective disorders, such as autism spec-
trum disorder (ASD) (Hobson, 1986; McPartland et al., 2004; Wong
et al., 2008; Batty et al, 2011), major depression (Surguladze et al.,
2004; Degabriele et al., 2011; Sterzer et al, 2011) and BD (Dai and
Feng, 2009; for review see Rosen and Rich, 2010). Therefore, affective
disorders are characterised by impairment of emotional capacities and
abnormal N170 patterns. Enlightened by this literature, in this study,
we explored the link between individual emotional skills and the cere-
bral responses to emotional stimuli in healthy adults.

Our findings revealed that the N170 and the P2 components evoked
by faces expressing emotions are correlated with the subject’s ES, ex-
pressivity and control in healthy mature subjects. This study thus pro-
vides evidence of a real relationship between visual ERPs characteristics
and people’s emotional skills. Variability of the N170 and P2 patterns
might reflect heterogeneity in personal characteristics in the general
population and might reveal strengths and weaknesses in emotional
skills. Very few studies have investigated sensitivity of ERPs to indi-
vidual factors (McPartland et al, 2004; Carlson and Iacono, 2006;
Lewis et al, 2006; Carlson et al, 2009; Dennis et al., 2009; Cheung
et al., 2010; Hileman et al., 2011; Yuan et al., 2011). For example, P300
responses were reported to be associated with both cognitive and
socio-emotional factors (Carlson and Iacono, 2006) and to be a pos-
sible index of developmental level of decision-making skills in affect-
ive-motivational situations (Carlson et al, 2009). Other studies have
investigated the relationship between ERP components, face processing
and social behaviour. P1 and N170 components evoked by faces
appeared to be influenced by differences in social personality traits
(Cheung et al., 2010) especially in case of social anxiety (Rossignol
et al., 2012), recognition memory for faces (McPartland et al., 2004),
social cognitive skills (Hileman et al., 2011) and emotion regulation
(Dennis et al., 2009). For example, smaller P1 amplitude and more
negative N170 amplitude in response to upright faces were associated
with better social skills in children with typical development (Hileman
et al., 2011). Hileman’s study examined ERP measurements in relation
to social skills more broadly in children, whereas the current study
more specifically examined ERP measurements in relation to adult
emotional skills.

In our study, less negative N170 amplitude was associated with
higher EE and shorter N170 latency with higher ES. Moreover, lower
P2 was correlated with high EC. The differences in impact of emotional
skills on the N170 and the P2 components are consistent with rapports
that these components indexing separate stages of face processing
when emotions are not expressed (Linkenkaer-Hansen et al., 1998;
Liu et al, 1999; Taylor et al, 2001; Itier and Taylor, 2002; Latinus
and Taylor, 2006). Latinus and Taylor (2006) proposed a model for
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face processing that highlights a link between P1, N170 and P2 and the
different stages of face processing (Latinus and Taylor, 2006). The
authors claimed that face processing starts by general low-level features
analysis that may correspond to P1 in ERPs. This first stage is followed
by face structural analysis based on first-order relational configuration
and holistic processing of the face that may be reflected in the N170
pattern (Jeffreys, 1993; Bentin et al, 1996, 2006; George et al., 1996;
Eimer, 1998; Jemel et al., 1999; Rossion et al., 1999; Sagiv and Bentin,
2001; Latinus and Taylor, 2006; Zion-Golumbic and Bentin, 2007;
Eimer et al, 2011). It was proposed that this second stage leads to
face detection. Another accepted concept regarding N170 is that face
sensitivity reflected by the N170 component can account for the
level of expertise of face recognition (Rossion et al., 2002) or for
some combination of processing effort and expertise (Hileman et al.,
2011). Finally, the P2 component may correspond to second-order
configural processing that leads to final face recognition (confirm-
ation) (Latinus and Taylor, 2006) and may also reflect a neurophysio-
logical correlate of ‘learning/control’ processes (Latinus and Taylor,
2005). However, it should be noticed that the processes underlying
visual ERPs in response to faces without emotion are still controversial.
For example, some studies have suggested an association between N170
(or M170 in MEG) and part-based analysis of individual face parts
(Harris and Nakayama, 2008; Eimer et al., 2011). Moreover, while ERP
has been used to investigate the timing of emotional processing, the
underlying processes reflected by the early visual ERPs (P1, N170, P2)
have not been investigated in response to emotional face until recently.
In a very nice study, Utama et al. (2009) presented several morphed
images containing seven facial emotions (neutral, anger, happiness,
disgust, sadness, surprise and fear) at 10 graded intensity levels (i.e.
‘affective valence’) while N170 and P1 were recorded. They proposed
that rapid detection of facial emotions occurs within the first 100 ms,
as the P1 component was closely associated with the correct detection
of the emotions, and detailed processing (identification), notably in-
tensity assessment, occurs shortly afterwards in the time window of the
N170 component (Utama et al., 2009). These results are in agreement
with previous finding, which also proposed that the N170 may reflect
the perception of intensity (Sprengelmeyer and Jentzsch, 2006).
Therefore, the detection of facial emotion and the assessment of emo-
tional intensity appeared to be based on different neural mechanisms
(Utama et al., 2009), providing a possible interpretation to our differ-
ential emotional effect on the P1 and the N170.

Enlightened by this previous works, we hypothesised that having
high EE and ES skills suggest high face expertise and configural face
processing abilities, both mechanisms that were reported to be under-
lain by the N170. These high levels of ability may involve more auto-
matic and efficient networks, which lead to faster and effortless
identification of facial emotion. This may explain why the N170 com-
ponent was earlier and smaller in responses to faces expressing emo-
tions when subjects had high ES and expressivity. Finally, the visual P2
component has been reported to reflect second-order configural pro-
cessing (Latinus and Taylor, 2006) and to be sensitive to learning and
control processing (Latinus and Taylor, 2005) (i.e. P2 amplitude
decreased after a learning/control task). In our study, P2 amplitude
decreased with increased EC ability. On the basis of our results and
previous investigations, we therefore suggest that expertise resulting
from efficient learning of emotion facilitates the development a high
EC in healthy subjects. Then greater are the subject’s abilities to control
his emotions, less significant the confirmation of the previously iden-
tified emotion is, evoking a smaller P2.

Some articles have suggested that individuals’ skills/personality fac-
tors may be related to sex differences observed on ERPs (Campanella
et al., 2004, 2012). We agree that respective contribution of sex and
personality factors on ERPs modulations in response to emotional
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indices should be envisaged together. Indeed, better non-verbal abil-
ities and socio-emotional skills are reported in females than males
(Hall, 1978 for a meta-analysis; McClure, 2000; Hall et al., 2006;
Hall and Schmid Mast, 2008). This well-known behavioural female
advantage may be attributable to greater tendencies to experience,
express and dwell on their emotions. Men, on the other hand, are
viewed as tending to suppress or avoid both the experience and
expression of emotions. In other words, according to this view, men
and women should be depicted by different ES, EE and EC scores.
However, in this study, we failed to find any significant effect of sex
on the SSI scores except for EC abilities, i.e. women presenting lower
skills for this aspect of emotional processing. This result is in the line of
studies defending gender differences in emotional regulation strategies
(for review see Nolen-Hoeksema, 2012) but against the thesis which
widely viewed females as the sensitive and expressive emotional sex.
We have also pointed out that gender of the participant influenced P1
amplitude and N170 latency, and not the P2 component which,
according to our results, is the ERPs wave related to EC skills.
Moreover, N170 peaked earlier in women compared with men, but
the N170 latency is only correlated with ES, which is not influenced by
sex difference. Taking together, data seem to indicate that the link
between ERPs modulations and individuals emotional skills observed
in this study is not sustained by sex differences. In other words, sex
differences measured on the P1 and the N170 component appear not
to be done in combination with specific personality traits of women
and men. These results are consistent with previous studies showing
that the female-specific socio-emotional sensitivity is neurophysiologi-
cally mainly indexed by modulation of the N2 and P3b components
and arguing that gender differences observed in the processing of emo-
tional stimuli could originate at the attentional level of the information
processing (Campanella et al., 2004; Li et al., 2008; Lithari et al., 2010).
In this view, the gender effect found on P1 and N170 here could be
more related to men/women differences in perceptual processing on
face representations and not in specific emotion processing.

We have presented here that early visual ERPs were influenced by
individual emotional skills (endogenous factor) during emotional
face processing. Besides the need for an independent replication of
these results, possible limitations should also be considered. First, the
relatively small sample (n=28) used for an individual differences
study combined with some modest reported associations (correl-
ations about 0.40) suggest that these results should be considered
as preliminary. This concern might be avoided in further experi-
ments. Second, we choose to focus in the present study on early
visual ERP components (P1/N170/P2). Other later post-perceptual
components modulated by emotional dimensions of faces may have
been envisaged to correlate with emotional skills, such as the P300
(Krolak-Salmon et al, 2001; Campanella et al, 2002), the LPP
(400-800 ms, centro-parital regions) (Sato et al, 2001; Schupp
et al, 2004) and the EPN (240280 ms, temporo-occipital regions)
(Junghofer et al., 2001; Sato et al, 2001; Schupp et al, 2004). Third,
no overt behavioural task was proposed to the participants, making
difficult to surmise if the subjects had engaged in implicit or explicit
processing during the EEG recording. We are aware that this concern
may be a weakness of the current study. However, the choice of this
paradigm was made as in future we will use this protocol with chil-
dren with pervasive developmental disorders, which requires a very
short and passive paradigm. How differences in implicit vs explicit
processing of emotion are related to individuals’ emotional skills
needs further investigation. Finally, we have detailed the modulations
of ERPs in case of extreme individual skills, like in affective disorders,
in the introduction and the discussion section but we have not
checked for these clinical factors in our population. Although the
SSI subscores were within the normal cut-offs scale, suggesting that
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the emotional and social profiles of our participants are standard, the
use of specific clinical tools like depression or anxiety rating scale
would bring benefits to our data, allowing us to ensure that ERPs’
modulations observed here are driven by individual personality skills
and not by extreme clinical factors.

CONCLUSIONS AND FUTURE DIRECTIONS

In conclusion, in light of the extended literature, the findings confirm
that early ERPs are sensitive to the nature of the emotion expressed by
a face as early as 90 ms (P1) and later at 140 ms (N170). Moreover, this
study examined the relationship between visual ERPs and the subject’s
emotional abilities. The N170 and the P2 components are significantly
modulated by endogenous factors (sensitivity, expressivity and control
emotional skills). We therefore suggest that N170 and P2 could be used
as individual markers to assess strength or weakness in emotional
areas. Finally, this study provides information for further investiga-
tions of affective disorders. Future studies should continue to examine
how visual ERP components relate to individual differences in emo-
tional skills in autism. Clinically, such markers could be used to target
emotional impairment areas and to investigate the evolution of these
impairments throughout therapeutic interventions (e.g. Pallanti et al.,
1999; Habel et al., 2010). These results highlight the importance of
understanding individual differences in socio-emotional motivation
in both typical and atypical populations.
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