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Abstract

The N170 is widely regarded as a face sensitive potential, having its maximum at occipito-temporal sites, with right-hemisphere dominance.

However, it is debatable whether the N170 is modulated by different emotional expressions of a face. The aim of this study was to analyze the N170

elicited by schematic happy and angry faces when the emotional expression is semantically processed. To investigate the influence of different

emotional expressions of schematic faces, we used a Prime-Probe procedure with the N400 effect as an indicator for a semantic processing.

Eighteen subjects were presented the German word ‘‘happiness’’ or ‘‘anger’’ followed by happy and angry faces. The word–face pair could be

congruent or incongruent in emotional meaning. Subjects were instructed to compare the emotional meaning of the words and faces and to count

the congruent trials. Event-related potentials were recorded from 124 sites. Congruent faces elicited a smaller negativity in the N400 time range

than incongruent faces, indicating that the facial emotional expression was cognitively processed. The face sensitive N170 was most pronounced at

posterior and occipital sites, and N170 amplitudes were larger following the angry as compared to the happy faces. It is concluded that different

emotional expressions of schematic faces can modulate the N170.

# 2007 Elsevier B.V. All rights reserved.

Keywords: Emotional expression of faces; Event-related potentials; N170; N400

1. Introduction

Recognizing a stimulus as a human face is indicated by a

negative deflection in the 120–220 ms range with an average

latency of 170 ms, thus labeled N170 (e.g. Bentin et al., 1996). It

is most pronounced at posterior-lateral sites with right-hemi-

sphere dominance (Roisson et al., 1999; Eimer and Holmes,

2002). Because it was not found when non-facial stimuli such as

cars or houses were presented as control stimuli, it was concluded

that the N170 is a face sensitive potential, indicating a process of

structural encoding of faces prior to their recognition (Eimer,

2000; Sagiv and Bentin, 2001). Studies performed with various

kinds of facial stimuli (real, morphed, schematic, and distorted

faces) demonstrated that the N170 amplitude is sensitive to

certain facial features such as completeness (e.g. Eimer, 2000) or

inversion (e.g. Itier and Taylor, 2002). However, results on a

possible influence of different emotional expressions on the

N170 are still contradictory.

A majority of studies found the face sensitive N170 being

unaffected by facial emotional expression. Eimer et al. (2003)

presented their subjects photographs of faces showing six basic

emotions (anger, disgust, fear, happiness, sadness, and

surprise). Compared to a neutral face, none of these faces

elicited greater N170 amplitudes at T5 and T6, where the N170

was expected to be maximal. Directing attention either to

photographs of fearful and neutral faces or to those of houses

shown together, Holmes et al. (2003) found the face sensitive

N170 at T5 and T6 being enhanced when faces were attended,

but neither amplitude nor latency were affected by emotional

facial expression. Ashley et al. (2004) presented their subjects

happy, fearful, disgusted and neutral faces, also using houses as

control stimuli. The N170 was reactive on orientation (upright

vs. inverted) but not selective to any specific emotional

expression, thus being only sensitive to structural encoding. A

similar conclusion was made by Balconi and Lucchiari (2005)

who probed the effect of natural and morphed facial stimuli on

the N170. A comparison of fearful, happy and sad faces with an

emotional neutral expression as control yielded no N170

modulation by facial expression or its emotional content. The

authors restrict the N170 as the ERP marker for the structural
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encoding module proposed by Bruce and Young (1986).

Holmes et al. (2005) presented original and degraded

photographs of fearful and neutral faces, compared with those

of houses. At electrodes P7 and P8, the N170 amplitudes were

enhanced for faces relative to houses, irrespective of them being

presented as original or degraded, but yielded no systematic

difference between fearful and neutral faces. No significant

effects of facial emotional expression (scared, sad, angry and

happy compared to neutral photographs) on N170 amplitude or

latency at T5 or T6 could be observed in children and adults

(with Asperger’s syndrome and normal controls) by O’Connor

et al. (2005). In their discussion, these authors acknowledge the

possibility that photographs of ‘‘neutral’’ faces may recruit

emotion processing circuitry as well, since they are social

stimuli and are also often ambiguous in emotional meaning.

This may have counteracted establishing significant N170

differences between neutral and emotional facial expressions,

especially when using photographs of real faces as stimuli.

One possible explanation for the failure of an emotion effect

could be that the N170 is too early to be sensitive to emotion

and valence of facial expression. However, this is not very

likely since an earlier ERP component, a fronto-central

positivity starting between 80 and 150 ms after stimulus onset

was found to be larger after fearful compared to neutral faces

(Batty and Taylor, 2003; Eimer and Holmes, 2002; Eimer et al.,

2003; Holmes et al., 2005). From an ethological point of view,

facial emotional expressions should be processed as early as

possible during face recognition, since they may constitute

biologically salient stimuli, enabling a more rapid commu-

nication than language (Batty and Taylor, 2003). For example,

an angry facial expression may sensitize the organism to an

environmental threat (Izard, 1979). Such a biological sig-

nificance has been recently confirmed by Kolassa and Miltner

(2006) who presented angry, happy, and neutral faces to spider

phobics, social phobics, and controls. Subjects had to identify

either the gender of the face or the expressed emotion. If the

emotion was in focus, social phobics revealed larger N170

amplitude over right temporo-parietal sites compared to

controls and spider phobics when the emotion of an angry

face was identified.

In fact there is some more empirical evidence for a N170

modulation by emotional expression of real and morphed faces.

Campanella et al. (2002) used a priming procedure to

investigate the influence of the emotional meaning of faces

on the N170. Faces were presented pairwise, with the second

face being identical, or morphed, either displaying the same or a

different emotional meaning (fearful or happy). No N170

differences were obtained for the first stimulus of the pair, but

the N170 following the second face was enlarged in case of

displaying a different emotional meaning, showing its

maximum at T5 and T6. Differences in the N170 between

emotions were also observed by Batty and Taylor (2003). They

presented photographs of faces expressing six basic emotions

(anger, disgust, fear, happiness, sadness, and surprise) plus

neutral expressions, using photographs of cars, planes and

butterflies as additional control stimuli. Latencies, seen around

140 ms, were shorter for positive than for negative emotions,

and larger N170 amplitudes at P7 and P8 were elicited by

fearful compared to surprised or neutral faces. While no

lateralization effects were found in these two studies,

Stekelenburg and de Gelder (2004), presenting photographs

of faces, bodies and shoes, observed a more negative N170 to

fearful compared to neutral faces only at P7, but not at P8.

Differences in the N170 due to facial emotional expressions

were also obtained when using schematic line drawings of faces

as stimuli. Eger et al. (2003) used mainly changes in mouth

angles and eyebrow tilts to generated positive, negative, or

neutral emotional expressions of schematic faces. A non-

meaningful arrangement of facial features (‘‘scrambled face’’)

served as masking stimulus in a dichoptic presentation.

Identical stimuli for both eyes were presented in the control

condition. Compared to checkerboard stimuli, a global field

power measure located a face sensitive negative ERP

component equivalent to the face-related N170 more posterior

than anterior and further to the right hemisphere. The face with

a negative emotional expression yielded larger field strength in

the N170 component compared to positive and neutral faces. In

an earlier study performed in our laboratory with a small set of

electrodes, we found the N170 sensitive to facial emotional

expression but not discriminating between different emotions

(Boucsein et al., 2001). Schematic faces with angry, happy, and

neutral expressions were generated, using changes in mouth

angles and eyebrow tilts. A re-arrangement of the facial

features as a clock with moving hands, paralleling the

movement in the faces, and a ‘‘scrambled face’’ served as

control stimuli. Compared to these controls, schematic faces

yielded a larger ERP component in the N170 range. When the

facial expression changed from neutral to either happy or angry,

the N170 amplitude was higher compared to the change from

any emotional to a neutral expression. This emotion sensitivity

was most pronounced at temporal sites (T5 and T6) with right

hemisphere dominance. However, no differences between

positive and negative expressions were found.

We conducted the present study to find out whether an angry

expression of a face can exert an influence on the N170, using a

happy face as control. Our hypothesis was that a higher N170

amplitude, indicating an increased processing, should be elicited

by an angry face, because of its biological salience as possibly

threatening stimulus, compared to a happy face that needs no

such early processing of its emotional content. Since previous

studies did not ensure the processing of the emotional content of

the facial expression, the different amount of processing the

emotional meaning of faces may have contributed to the

contradictory results. To ensure that emotional meanings of the

faces were cognitively processed, we introduced emotion words

as priming stimuli for facial emotional expressions. Words and

expressed emotions could be congruent or incongruent. We used

the N400 effect as a manipulation check. The N400 effect was

first described as an indicator for semantic processing of

incongruent words (Kutas and Hillyard, 1980). It is calculated as

an ERP difference potential between incongruent and congruent

stimuli in the 200–500 ms range, which becomes more negative

if a stimulus disturbs a previously primed semantic context

compared to a stimulus which does not disturb the context.
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