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Face-selective processing and the effect of pleasant and unpleasant
emotional expressions on ERP correlates
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Abstract
Previous studies have revealed that decoding of facial-expressions starts very early in the brain (f180 ms poststimulus) and might be processed separately from the basic stage of face perception. In order to explore brain
potentials (ERPs) related to decoding of facial-expressions and the effect of emotional valence of the stimulus, we
analyzed 18 normal subjects. Faces with five basic emotional expressions (fear, anger, surprise, happiness, sadness)
and neutral stimulus were presented in random order. The results demonstrated that an emotional face elicited a
negative peak at approximately 230 ms (N230), distributed mainly over the posterior site for each emotion. The
electrophysiological activity observed may represent specific cognitive processing underlying the decoding of emotional
facial-expressions. Nevertheless, differences in peak amplitude were observed for high-arousal negative expressions
compared with positive (happiness) and low-arousal expressions (sadness). N230 amplitude increased in response to
anger, fear and surprise, suggesting that subjects’ ERP variations are affected by experienced emotional intensity,
related to arousal and unpleasant value of the stimulus.
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1. Introduction
Face is an important social stimulus in human
interactions. From face-stimuli we are not only
able to derive information concerning the person’s
likely age, sex and so on, but we are also able to
interpret the meaning of their facial-expressions.
By analyzing the relative shape or posture of facial
features we can categorize a person as looking
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happy, sad and angry. Neuroimaging studies have
demonstrated that the visual presentation of emotionally charged stimuli activates not only emotionspecific brain areas but also areas in the extrastriate
cortex more than that of a neutral stimulus (Fredrikson et al., 1995; Linkenkaer Hansen et al.,
1998; Marinkovic et al., 2000; Morrison et al.,
1998). This activity of the extrastriate areas is
functionally interconnected with the activation of
the amygdala, which is crucial in emotional processing (Adolphs et al., 1998; Calder et al., 1996;
Davidson, 2001; LeDoux, 1996). Moreover, recent
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electroencephalographic studies have supported the
hypothesis that the process of facial-expression
recognition starts very early in the brain, by
approximately 180 ms after stimulus onset, only
slightly later than the face-selective activity reported between 120 and 170 ms (Bentin et al., 1996;
Boetzel and Grusser, 1989; Linkenkaer Hansen et
al., 1998; Maurer et al., 2002; Streit et al., 2000).
The first perceptive stage, in which the subject
completes the ‘structural codes’ of face, is thought
to be processed separately from complex facial
information such as emotional meaning (Lane et
¨
al., 1998; Pizzagalli et al., 1999; Junghofer
et al.,
2001). Therefore, in addition to a ‘structural code’,
the existence was supposed of an ‘expression code’
implicated in the decoding of emotional facialexpressions (Bruce and Young, 1998; Ellis and
Young, 1998; Young, 1998). Most studies considered face-specific brain potentials but they did not
analyze specifically the emotional content of facestimuli (Eimer, 1998; Eimer and McCarthy, 1999).
Vanderploeg et al. (1987) reported that the visual
presentation of emotional facial-expressions elicited more negative amplitudes during 230–400 ms
than it did neutrally rated stimuli. Similarly, Marinkovic and Halgren (1998) observed that the
presentation of emotional facial-expressions
evoked a larger lateral occipito-temporal negativity
during 200–400 ms, with a peak at approximately
240 ms, than a neutral face. Another study investigated the influence of facial-expressions and
blurred faces on explore brain potential (ERP)
measures, without any differences between conditions (emotional vs. blurred faces) at 120 and 170
ms after stimulus onset, but significant differences
in amplitude between 180 and 300 ms (Streit et
al., 2000). Sato et al. (2001) demonstrated that
faces with emotions (both fear and happiness)
elicited a larger negative peak at approximately
270 ms than neutral faces over the posterior
temporal area, covering a broad range of posterior
visual areas. On the contrary, there were no differences between negative and positive emotions. In
addition, one recent ERPs study analyzed specifically the effect of facial-expressions of emotions
through ERPs (Herrmann et al., 2002). The study
compared expressions with different emotional
valence (sad, happy and neutral), and, whereas it

revealed a similar negative peak variation, it failed
to find emotion-specific ERP correlates for the
three emotions. From the previous results it
appeared that structural information is processed
separately from emotional information, but no
specific ERP profile characterizes a single emotional expression.
Nevertheless, as shown by other studies of
impairments of facial-expression recognition, the
semantic value of expressions has an effect on
stimulus elaboration, with category-specific deficits for recognition of emotional expressions (i.e.
fear and not happiness) after brain injury of the
amygdala (Adolphs et al., 1994; Davidson, 2001;
Scott et al., 1997; Young et al., 1996). An important and currently questioned issue is, therefore,
the possible effect of emotional valence of the
stimulus on the ERP correlates. Emotionally
expressive faces have been shown to have an
influence on a number of processes. Depending on
the emotions, they elicit differential effects on
sympathetic dermal and cardiovascular reactions
in the viewer (Lang et al., 1993), facial EMG
(Dimberg, 1997), skin reaction (Esteves et al.,
1994), amygdalar activation in functional imaging
studies (Morrison et al., 1998; Whalen et al.,
¨
1998), as well as ERPs (Junghofer
et al., 2001;
Morita et al., 2001).
The present study was designed to clarify this
issue as to whether the face-specific brain potential
is modified by the emotional valence of the facestimuli. Moreover, previous studies considered
only a limited number of emotions, usually comparing positive and negative ‘basic’ emotions such
as happiness and sadness. We extended the range
of emotional expressions, considering two features,
the arousal (high vs. low) and the hedonic valence
(positive vs. negative) of stimulus (Frijda et al.,
1989; Scherer, 1980, 1994).
As suggested by the ‘functional model’ (Smith
and Lazarus, 1990), we supposed that subjects
might be more emotionally involved by an angry
expression (high-arousal emotion) than by a sad
one (low-arousal), and that they might have a
more intense emotional reaction while viewing a
negative rather than a positive emotion (Lang et
¨
al., 1990; Junghofer
et al., 2001; Wild et al.,
2001). More generally, the ‘functional’ model

