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ABSTRACT 

 
Emotion decoding constitutes a case of multimodal processing of cues from multiple chan-
nels. Previous behavioural and neuropsychological studies indicated that, when we have to 
decode emotions on the basis of multiple perceptive information, a cross-modal integration 
has place. The present study investigates the simultaneous processing of emotional tone of 
voice and emotional facial expression by event-related potentials (ERPs), through an am-
ple range of different emotions (happiness, sadness, fear, anger, surprise, and disgust). 
Auditory emotional stimuli (a neutral word pronounced in an affective tone) and visual 
patterns (emotional facial expressions) were matched in congruous (the same emotion in 
face and voice) and incongruous (different emotions) pairs. Subjects (N=30) were re-
quired to process the stimuli and to indicate their comprehension (by stimpad). ERPs 
variations and behavioural data (response time, RTs) were submitted to repeated meas-
ures analysis of variance (ANOVA). We considered two time intervals (150-250; 
250-350 ms post-stimulus), in order to explore the ERP variations. ANOVA showed 
two different ERP effects, a negative deflection (N2), more anterior-distributed (Fz), and 
a positive deflection (P2), more posterior-distributed, with different cognitive functions. In 
the first case N2 may be considered a marker of the emotional content (sensitive to type of 
emotion), whereas P2 may represent a cross-modal integration marker, it being varied as 
a function of the congruous/incongruous condition, showing a higher peak for congruous 
stimuli than incongruous stimuli. Finally, a RT reduction was found for some emotion 
types for congruous condition (i.e. sadness) and an inverted effect for other emotions (i.e. 
fear, anger, and surprise). 

 
Keywords: ERPs; emotion; voice; facial expression; cross-modal perception 
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1.  INTRODUCTION 
 

Normally, our sense systems are simultaneously achieved by multiple stim-
uli which belong to different sensory modalities. We could ask which is the 
function of this multisensory integration. The ability to integrate the stimu-
lus from different modalities in order to create a whole perception is a main 
phenomenon for human cognition and behaviour. This ability allows to en-
hance stimulus elaboration, and to produce a more rapid and accurate be-
havioural response (Ghazanfar et al., 2005). Indeed, multisensory redundant 
information integration improves signal identification, detection, and de-
coding. Moreover, recent studies indicate that it produces a better perform-
ance in attention orientation and recognition tasks (Schroeder et al., 2003).  

Even if cross-modal integration is a main perceptual phenomenon, 
our knowledge is still incomplete, and we don’t know exactly how an object 
from different sensory modalities is perceived as an unitary event. Recent 
empirical researches demonstrated the complexity of cross-modal integra-
tion, due to the fact that this process includes multiple and heterogeneous 
cognitive and physiological mechanisms with endogenous and exogenous 
origins. As regard to endogenous mechanisms, Fort et al. (2002) have found 
the effect of the subjective expertise level on the task execution. Subjects 
with visual dominance and subjects with auditory dominance displayed dif-
ferent activation patterns in response to audio-visual stimuli. On the other 
hand, an important role is attributed to exogenous factors, as the typology 
of the stimuli, the experimental conditions and the specific task. Particu-
larly, stimulation has a clear effect on integration modalities (Callan et al., 
2001; Calvert, 2001).  

The present study investigates audio-visual emotion decoding employ-
ing emotional faces and voices. When persons decode the emotions, they 
have to integrate multiple information belonging to different sensory sys-
tems. Emotional facial and vocal indexes are complex stimuli, charged of 
social meaning. In this perspective, they greatly differ from stimuli that are 
traditionally used to study cross-modal perception (generally light flashes 
and inarticulate simple sounds). Some recent studies tried to understand 
this process, which have a key role in emotion communication. Using be-
havioural research paradigm, de Gelder and colleagues (de Gelder & 
Vroomen, 2000) tried to determine if, in a bimodal situation with emotional 
audio-visual information, both auditory and visual modalities contribute to 
emotion identification. Results indicate that emotion is more rapidly de-
coded when the face and the voice are congruous (i. e. expressing the same 
emotion) then in the unimodal condition (auditory or visual only). This 
seems to indicate that integration process is an usual and efficient mecha-



 
Cross-modal perception (face and voice) in emotions 

 
 
 
 
 
 
 
 
 
 

 
 
 

Neuropsychological Trends – 1/2007 
http://www.ledonline.it/neuropsychologicaltrends/ 

 
45 

nism. On the contrary, longest times are detected in the incongruous bi-
modal condition (voice and face expressing different emotions). De Gelder 
experiment indicates an effect of the face on the voice and, vice versa, an 
effect of the voice on the face, as previously found by the pioneer study by 
Massaro and Egan (1996). Cross-modal bias is noticed also when subject is 
explicitly required to pay attention to an unique sensory modality (visual or 
auditory). It suggests that integration has place at an early perceptual stage, 
in an automatic and obligatory manner. This hypothesis is confirmed by a 
study by de Gelder (de Gelder, Vroomen & Bertelson, 1998), which intro-
duced a procedural variant (inverted faces). Face inversion implies a drastic 
decrease of the possibility to define identity and expression. Indeed face 
identification differs from object identification, because it involves a holis-
tic elaboration of the whole configuration (gestalt) and not only an analytic 
elaboration of single components (Balconi, 2006). The study indicates that 
facial expression decoding influences tone of voice judgments only for 
rightly-oriented faces and not for inverted face. This effect is probably due 
to the automatic nature of cross-modal integration. 

In order to explain these results, we can suppose that emotional in-
formation redundancy allows a more efficient behavioural response. This 
enhancement is due not to the complementarity of the auditory and visual 
systems but to the fact that the system is able to integrate information in an 
early processing stages, and it could produce a rapid response. On the con-
trary, the process would be slower, if the system elaborates stimuli sepa-
rately and integrates them only in a final step. Indeed, several studies sug-
gested that cross-modal convergence has already place during the first in-
formation processing phase, through the activation of sensory integration 
areas, as parietal, temporal (Schroeder & Foxe, 2002) and frontal cortex 
(Graziano et al., 1997) in addition to the specific unimodal sensory areas 
(Teder-Sälejärvi et al., 2002). Among the current approaches, the interactive 
coactivation model receives broad confirmation. This model suggests the pres-
ence of a reciprocal effect between stimuli belonging to different sensory 
modalities, supposing that the integration has place at multiple processing 
levels, that is at sensory, cognitive and response choice levels (Calvert et al., 2000; 
Hadjikhani & Roland, 1998). Primarily, researchers agree that integration 
begins at an early sensory elaboration stage (Giard & Peronnet, 1999).  

At the neuropsychological level, many studies aim to reveal cerebral 
processes implied in emotion multimodal decoding (Johnstone et al., 2007; 
Pourtois et al., 2005). Specifically, most of the studies focused attention on 
early perceptual stages of emotional stimuli elaboration. Nevertheless, the 
qualitative nature and the time course of these phenomena constitute a 
controversial matter, and, in this perspective, event-related potentials (ERPs) 
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are very useful research method (Rugg & Coles, 1997). Indeed, more fre-
quently ERPs, such as the N1 and the MMN, are bounded to sensory proc-
esses. First researches exploited MMN (mismatch negativity) index, elicited by 
auditory stimuli when, after a series of repetitive stimuli, a deviant stimulus 
appears (Näätänen, 1992). This ERP is not under attentive control, but it 
has an automatic nature and it signals the detection of a stimulus which dis-
regards the expectations (Levänen & Sams, 1997). De Gelder and col-
leagues (de Gelder et al., 1999) used MMN in order to investigate emotional 
facial effect on auditory emotional signal processing. Congruous and incon-
gruous couples of auditory (words pronounced in a sad or angry tone) and 
visual (facial expressions of sadness and anger) stimuli were presented to 
subjects, who were required to pay attention to the face and to ignore the 
auditory component. Results indicate that when, after a series of congruous 
(or incongruous) couples, an incongruous (or congruous) one is presented, 
an early negative cerebral response (latency 178 ms) has place in the ante-
rior areas. This response is like to be a MMN variation. Similarly, Surakka et 
al. (1998) observed the effect of emotional images on auditory stimuli, find-
ing that MMN amplitude was significantly influenced by hedonic valence 
and arousal of the emotional stimulus.  

Moreover, other research on emotional cross-modal processing exam-
ined the amplitude of ERP components, finding an increasing or decreasing 
of unimodal early indexes, such as the auditory peak N1, which has place 
about 100 ms post stimulus in the sensory specific areas (Calvert, Brammer 
& Iversen, 1998; Giard & Peronnet, 1999; Raij, Uutela & Hari, 2000). In-
deed, the increasing activity in modality-specific cortex is a main electro-
physiological correlate of cross-modal processes (de Gelder, 2000; Driver & 
Spence, 2000). For example, an increased activation was found in the audi-
tory cortex as a consequence of facial stimuli presentation (Calvert et al., 
1997), in the fusiform gyrus and in the amygdala during emotion bimodal 
stimuli presentation (Dolan, Morris & de Gelder, 2001), and in the tactile 
areas during a visual-tactile stimulation (Macaluso, Frith & Driver, 2000). In 
his recent studies, Pourtois (Pourtois et al., 2000; 2005) presented to sub-
jects congruous and incongruous couples consisting of auditory (4-syllable 
fragments pronounced in a sad or angry manner) and visual (sad and angry 
facial expressions presented with a right and an inverted orientation) stim-
uli. Experimental task required to pay attention to faces ignoring voices. 
Results revealed that visual information influences auditory stimulus proc-
essing already after 110 ms. This effect consists of a N1 intensity increasing, 
as previously indicated by studies that used non emotional stimuli (Giard & 
Peronnet, 1999). Moreover, integration has place only when stimuli are 
congruous, confirming the corresponding behavioural data (de Gelder & 
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Vroomen, 2000). On the whole, these studies suggest that cross-modal in-
tegration is signalled by the amplification effect in the sensory specific areas 
and at the level of cortical networks that have a multimodal integration 
function, such as posterior parietal cortex and medial temporal gyrus 
(Johnstone et al., 2007; Mesulam, 1998).  

As regard to the cognitive level, Pourtois and colleagues (2002) empiri-
cally demonstrated that audiovisual emotional stimuli processing implies 
specific ERP variations that signal even the cognitive integration at a suc-
cessive temporal stage. In particular, a positive phenomenon about 240 ms 
post-stimulus with a posterior localization was found (P2b). The authors 
suggested that already at about 100 ms an increasing of unimodal compo-
nent intensity occurs (de Gelder et al., 1999; Giard & Peronnet, 1999; Pour-
tois et al., 2000), followed by a second component, the P2b, which is sensi-
ble to audiovisual stimulus semantic content. Moreover, Pourtois study 
demonstrated that emotional audiovisual stimuli integration at cognitive 
level probably has place during pattern elaboration at about 220 ms, in pos-
terior cerebral cortex. A specific analysis on the localization of P2b showed 
an involvement of the anterior cingulate cortex, subserving in congru-
ence/incongruence processing (McLeold & McDonald, 2000), as supported 
by recent fMRI (Calvert, Campbell & Brammer, 2000) and magnetoen-
cephalographic studies (Raij et al., 2000). 

Nonetheless, at present several limits exist in neuropsychological re-
search applied to emotional cross-modal perception. Particularly, since 
most of the studies focused on early perceptive phenomena, it is necessary 
to investigate in a broad manner the later cognitive components (after the 
100 ms post-stimulus). Beside, previous studies employed a small number 
of emotions. The possible effect of different emotional patterns (for exam-
ple as a function of hedonic valence and arousal of the emotion) requires 
further analysis (Balconi & Carrera, 2006; Balconi & Pozzoli, 2003; Johns-
tone et al., 2007). 

This study aims to investigate more deeply these processes. In particu-
lar the experimental analysis includes two phases: 
 
Phase 1  
1.  First of all, we aim to verify the presence of medium- and long-term la-

tency cognitive effects in emotional cross-modal decoding, following the 
first perceptive stage. Particularly, we expect to detect the presence of 
ERP variations that account for cognitive integration as a result of the 
synthesis between multimodal emotional information successively to the 
perception of the stimulus. 

2.  Secondly, we want to investigate the presence of different ERP profiles 
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for congruous and incongruous conditions. Specifically, we suppose that also at 
the cognitive level ERP differences in terms of latency and amplitude of 
the peak could be detected for congruous and incongruous emotional 
matches. 

3.  Third, we aim to define a possible localization effect as a function of the 
experimental conditions. Indeed, a heterogeneous distribution of peak 
variations in case of congruous/incongruous patterns can mark the 
presence of multiple cortical modules. 

4.  Finally, we consider behavioural data (RTs). Since previously it was 
found a facilitation effect (RT reduction) for congruous stimuli as com-
pared with incongruous ones, we expect an analogous reduction RTs as 
a function of the experimental conditions.  

 
Phase 2 

 A successive emotion-by-emotion comparison allow us to explore the 
significance of cross-modal integration processes as a function of the spe-
cific emotional patterns. 
1.  The use of a wide range of emotions (six emotional patterns) allow us to 

analyze more deeply the effect of different emotional content on inte-
gration process. Moreover, it is possible that congruous or incongruous 
perception could affect in a different manner the intersensory integra-
tion process as a consequence of the emotion expressed. 

2.  Moreover, the effect of specific emotional patterns on RT variation was 
investigated.  

 
 
 
2.  METHOD 
 
Participants 
30 subjects took part in to the study (9 males and 21 females; age: M = 24.4; 
SD = 3.4), university students attending to Catholic University of Milan. 
The whole sample had normal visual and auditory abilities and was right-
handed. Subjects provided their agreement to take part in a research about 
audio-visual stimuli perception.  

 
Stimuli 
Vocal stimuli. We used a single short stimulus (composed by a single syllable) 
with an emotionally neutral content (“ora”, “now”). We choose a single 
word in order to control more easily the vocal parameters without the inter-
ference of other components (such as sentence speech profile, temporal 
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variations, i.e. pauses). Moreover, it allowed not to cause the subjects to be 
more attentive to the vocal component than the visual one. Finally, this 
choice allowed a perfect synchronization between facial and vocal patterns 
(temporal overlapping) (Pourtois et al., 2002). An actor reproduced the 
word giving an emotional valence to the stimulus. He/she was explicitly re-
quired to express the different emotional valence using vocal components, 
carrying different emotional correlates thanks to intonational profile varia-
tions (respectively anger, fear, sadness, happiness, disgust surprise and a 
control condition represented by a neutral expression) (Portois et al., 2002). 
In other words, pitch, intensity and vocal profile were modified in order to 
produce the six different emotions (Scherer, 1984). In order to facilitate the 
coherence of vocal modification with each emotional correlate, the actor 
was invited to read a short emotional script which favoured the self-
engagement with the emotional situation. The recording was performed us-
ing the software Sonic Foudry Acid Music. As regard to temporal parame-
ters, a substantial homogeneity between the vocal stimuli was maintained 
(duration M = 550 ms; SD = 223 ms; range 400-550 ms).  

The semantic value and the pertinence of the stimuli were verified by 
pre-experimental subjects (11 university students) in a pre-experimental 
phase, through an apposite questionnaire. A first item verified the correct 
labelling of each emotion (disgust 80.3%; happiness 100.0%; fear 100.0%; 
anger 83.3%; surprise 100.0%; sadness 76.7%; neutral 83.3%). Afterwards, 
judgment of consistency in evaluating the vocal emotional stimuli was as-
sessed (5 points Likert scale). We didn’t found significant differences be-
tween the emotions, since all emotional patterns were considered adequate 
in expressing the emotions (disgust M = 4.5; SD = 1.6; happiness M = 3.7; 
SD = 1.4; fear M = 4.2; SD = 1.3; anger M = 4.7; SD = 0.5; surprise M = 4.0; 
SD = 1.1; sadness M = 3.8; SD = 1.2; neutral M = 3.5; SD = 1.4).  

 
Facial stimuli 
Visual stimuli were facial patterns black/white (11 x 15 cm) portraying the 
face of a young male actor (Ekman & Friesen 1976), for the same emotions 
vocally reproduced. Emotional evaluation and consistency was assessed in a 
pre-experimental phase by 10 subjects. All emotions were correctly labelled 
(disgust 78.3%; happiness 95.1%; fear 98.0%; anger 83.4%; surprise 98.0%; 
sadness 75.7%; neutral 78%). Moreover, subjects expressed a judgment of 
consistency for each emotion (disgust M = 4.3; SD = 1.4; happiness M = 
3.8; SD = 1.5; fear M = 4.9; SD = 1.2; anger M = 4.4; SD = 0.9; surprise M = 
4.1; SD = 1.5; sadness M = 4.2; SD = 1.1; neutral M = 3.46; SD = 1.2). 
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Cross-modal stimulation.  
Vocal and visual stimuli were composed in congruous (the same emotion 
for both sensory modalities) and incongruous (face and voice expressing 
different emotions) pairs. In the incongruous condition, each emotion was 
combined with all the others (totally 5 incongruous pairs for each emotion). 
For each emotion, there were ten repetitions in the congruous condition 
and ten in the incongruous condition (totally 60 congruous couples and 60 
incongruous couples). The neutral pair was reproduced 20 times.  

 
Procedure 
The experiment was conducted in a darkened, electrically shielded and 
sound-proof room, in order to warrant an optimal registration of the EEG 
signal. Subjects were in front of a monitor (90 cm of distance) connected to 
a PC. Visual stimuli were projected at the center of the monitor (visual 
horizontal angle 4°; visual vertical angle 6°) through the stimulation soft-
ware STIM 4.2. A fixation point (white cross on black ground) appeared at 
the centre of the screen. Auditory stimuli sequence was reproduced through 
the stimulator, with sound emission by two loud-speakers incorporated in 
the PC, oriented towards the subject and located at about 90 cm of distance 
from him/her. Visual and auditory stimuli were synchronised, detecting the 
coincidence of the onset. The sequence of congruous and incongruous 
couples was randomized, avoiding consecutive identical pairs. The stimula-
tion duration was about 10 minutes. Subjects were required to pay attention 
and to understand the stimuli, without any further indication about decod-
ing modalities or stimulus emotional content. Moreover, they were required 
to maximally reduce body and eye movements, in order to improve EEG 
recording. The familiarization with the experimental procedure was guaran-
teed by a pre-experimental session, with the presentation of a sequence of 
ten stimulus couples (5 congruous and 5 incongruous) similar to that pre-
sented during the experimental phase. Finally, in order to test the correct 
comprehension of the emotional patterns, after the ERP registration sub-
jects were required to evaluate:  
a)  For the vocal stimuli, the emotional content evaluation (disgust 76.7%; 

happiness 96.7%; fear 93.1%; anger 80.0%; surprise 90.0%; sadness 83.3 
%; neutral 93.3%); the consistency of judgment (disgust M = 4.1; SD = 
0.8; happiness M = 4.5; SD = 0.6; fear M = 4.7; SD = 0.7; anger M = 4.2; 
SD = 0.8; surprise M = 4.3; SD = 0.7; sadness M = 3.8; SD =0.9; neutral 
M = 4.1; SD = 1.0). 

b)  For the visual stimuli, the emotional content evaluation (disgust 78.0%; 
happiness 83.3%; fear 93.3%; anger 76.7%; surprise 73.3%; sadness 
83.3%; neutral 80.0%); the consistency of judgment (disgust M = 3.9; 
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SD = 0.9; happiness M = 4.0; SD = 1.1; fear M = 4.1; SD = 0.8; anger M 
= 3.9; SD = 1.0; surprise M = 3.8; SD = 0.9; sadness M = 4.4; SD = 0.6; 
neutral M = 4.1; SD = 0.9).  

 
ERP registration procedure 
The EEG was recorded with a 62-channel DC amplifer (SYNAMPS sys-
tem) and acquisition software (NEUROSCAN 4.2). An ElectroCap with 
Ag/AgCl electrodes were used to record EEG from 62 active scalp sites re-
ferred to earlobe (10/20 system of electrode placement, Jasper, 1958). Ad-
ditionally two EOG electrodes were sited on the outer side of the eyes. The 
data were recorded using sampling rate of 256 HZ, with a frequency band 
of 0.1 to 60 Hz. The impedance of recording electrodes was monitored for 
each subject prior to data collection and it was always below 5 kΩ. After 
EOG correction and visual inspection only artefact-free trials were consid-
ered. An averaged waveform (off-line) was obtained from about forty arti-
fact-free (trials exceeding 50 µV in amplitude were excluded from the aver-
aging process) individual target stimuli for each type of sentence (grandaver-
age). Only fourteen electrodes were used for the successive statistical analy-
sis (four central, Fz, Cz, Pz, Oz; ten lateral, F3, F4, C3, C4, T3, T4, P3, P4, 
O1, O2). 
 
 
 
3. STATISTICAL ANALYSIS AND RESULTS 
 
 
3.1. Phase 1: General ERP effect  
 
Data analysis included two different steps: ERPs analysis; behavioural data 
(RT) analysis. As regard to the first analysis, two further phases need to be 
distinguished: (1) a qualitative analysis regarding ERP morphological pro-
file; (2) a quantitative analysis regarding the two dependent variables of 
peak amplitude and latency. 

 
ERPs data 

 
1) Morphological analysis. Firstly we considered the sweep profile, that re-
vealed the presence of negative and positive peak deflections. Between the 
others, it is possible to observe a positive deflection (P1) and a negative de-
flection (N1) related to emotional stimulus perceptive elaboration. Previous 
studies pointed out the meaning of these deflections for cross-modal per-
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ception (see the introduction). As regard to the successive ERP variations, 
sweep profile shows a negative (N2) and a positive (P2) deflection at about 
200 ms post-stimulus. It is interesting to note that they are not homoge-
nously distributed on the scalp, but they are localized in some specific areas. 
Taking into account the objectives of the present study, we focused the fol-
lowing quantitative analysis on a later latency time-window (150-250 ms 
post-stimulus). 

 
2) Quantitative analysis. For each of the two ERP variations (N2 and P2 ef-
fects) a repeated measures ANOVA was applied to the dependent variables 
of the peak amplitude and latency, with the two within-subject factors of con-
dition (congruous/incongruous) and cortical localization (Fz/Cz/Pz/Oz) 
(for effects with degree of freedom > 1 a Greenhouse-Geiser correction 
was applied).  

We report the data distinctly for peak amplitude (a) and peak latency 
(b). Due to the amount of data, only the significant effects were reported. 
 
a)  Peak amplitude 
N2 variation. Repeated ANOVA showed a significant effect for localization, 
(F (3, 30) = 11.46, p = .001), but not for condition. Moreover, a significant 
interaction effect was observed, (F(6, 30) = 8.10, p = .001). Particularly (Fig. 
1) post-hoc analysis (contrast analysis) applied to the main localization ef-
fect revealed a significant difference between frontal and posterior areas (Fz 
vs Pz: p =.001; Fz vs Oz: p=.001).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1. Grand-average ERP for congruous (bold) and incongruous pairs 
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On the whole, N2 deflection was more localized on the anterior scalp area. 
Furthermore, post hoc comparisons for the interaction effect showed the 
presence of difference in peak amplitude for congruous and incongruous 
conditions as a function of localization. Indeed, N2 effect was more local-
ized in the frontal areas for incongruous stimuli compared with congruous 
ones (p = .001), while in the other cortical areas the peak was homogene-
ously distributed.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

Figure 2. N2 peak amplitude in different cortical areas, as a response to congruous and incongruous condi-
tion 

 
 

P2 variation. ANOVA showed the significance of the localization effect (F 
(3, 30) = 11.72, p = .001), with an ampler peak in the parietal (Pz) area, and 
of the condition effect (F(1, 30) = 8.90, p = .001). As showed by the con-
trast analysis, other scalp areas are less activated (Fz vs Pz: p =.001; Cz vs 
Pz: p =.001; Oz vs Pz: p =.001) (Fig. 2), and congruous condition produced 
a higher deflection than incongruous condition in Pz (p = .001).  
 
b)  Peak latency  
N2 variation. As revealed by repeated measures ANOVA, there were not la-
tency differences between congruous and incongruous conditions, as well 
as for condition x localization interaction. On the contrary, localization was 
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significant (F (3, 30) = 5.60, p = .001). As indicated by the contrast analysis, 
N2 is delayed in the areas where its amplitude is decreased. Specifically, la-
tency times progressively increased proceeding from the anterior (Fz) to the 
posterior sites (Fz vs Pz: p = .001; Fz vs Oz: p = .006). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 3. P2 peak amplitude in the frontal, central, parietal and occipital areas 
 
 
P2 variation. As regard to latency, only localization effect was significant (F 
(3, 30) = 6.89, p = .001), with a peak delayed for Pz and Oz (in particular for 
the contrast Fz vs Oz p =.006). Thus, it is clear that the ampler peak in the 
posterior areas corresponds to an increasing of its latency. 
Behavioural data (RTs). A repeated measures ANOVA was applied in order 
to explore the congruous/incongruous effect on behavioural response 
times. The analysis showed that the two experimental conditions did not 
differ as a function of the RT. Specifically we observed a quite similar RT 
for congruous (M = 1.32 ms; SD = 0.40), and incongruous (M = 1.31; SD = 
0.40) stimuli. 
 
 
3.2. Phase 2: Emotion-by-emotion analysis 
 
ERPs data. In order to explore the effect of the emotional patterns on ERP 
variations, a further analysis set was applied to ERPs and behavioral data to 
each emotion separately. 
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a) Peak amplitude 
N2 variation. A first repeated measures ANOVA (emotion 6, x localization 
4) was applied to congruous emotional patterns, in order to detect possible 
differences between emotional correlates. The localization (F (3, 30) = 7.75, 
p = .001), and emotion x localization interaction (F (15, 30) = 2.23, p = 
.005), effects were significant. Specifically, post hoc (contrasts) analysis in-
dicated that anger has a main frontal localization if compared with other lo-
calizations, as well as for happiness, fear and disgust. On the contrary, sad-
ness and surprise showed a more homogeneous distribution on the differ-
ent cortical areas and, in general, a less high peak than the other emotion 
(Fig. 4).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. N2 peak amplitude as a function of emotion and localization variables 
 
 

Successively, each emotion was submitted to repeated measures ANOVA, 
with independent factors condition (2) and localization (4). We reported 
each analysis.  
• Disgust. As revealed by the significant effect of localization (F (3, 30) = 

5.02, p = .033), and by the post-hoc comparisons, N2 peak amplitude 
was more accentuated in the frontal areas, compared to posterior areas. 
Nevertheless the condition effect was not significant. 

• Happiness. Even for happiness, localization effect was significant (F (3, 
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30) = 6.25, p = .001), but not the condition, in the same direction as dis-
gust, with a peak increasing for Fz more than the others sites.  

• Sadness. None of the main effects showed the statistical significance. In 
particular sadness showed a homogeneous peak variation for the ex-
perimental conditions and the localization.  

• Surprise. Main effects of condition (F (1, 30) = 23.55, p = .001), localiza-
tion (F (3, 30) = 4.10, p = .009), as well as the interaction (F (3, 30) = 
3.85, p = .012), were significant. Particularly, contrast analysis showed a 
N2 increasing for congruous then incongruous condition and for poste-
rior area of the scalp.  

• Anger. Localization revealed a significant effect (F (3, 30) = 10.80, p < 
.001). Particularly, N2 deflection had a maximum amplitude in the fron-
tal areas, for both congruous and incongruous conditions.  

P2 variation. The first screening (repeated measures ANOVA for congruous 
condition across the emotions) showed a substantial homogeneity between 
the six emotions and, on the contrary, significant differences for the local-
ization (F (3, 30) = 9.57, p =.001). Contrast analysis revealed an increased 
peak amplitude for parietal and occipital areas then for anterior and central 
ones (Fig. 5).  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 5. P2 peak amplitude as a function of emotion and localization variables 
 

• Disgust. Only the main effect of localization was significant (F (3, 30) = 
8.46, p = .001). P2 amplitude was higher for the posterior areas, as found 
for the general (see previous) analysis.  

• Happiness. Both condition (F (1, 30) = 5.90, p = .022) and localization (F 
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(3, 30) = 6.63, p = .001), effect were significant. Particularly, condition 
analysis revealed an increased peak for congruous patterns. Moreover, P2 
had its maximum value in the posterior areas (Oz and Pz).  

• Fear. Main effect of condition was significant, with an increasing of the 
peak for congruous stimuli (F (1, 30) = 27.51, p < .001). Moreover, P2 
was mainly distributed on the posterior localization.  

• Sadness. Similarly to the other emotions, condition (F (1, 30) = 24.65, p = 
.001), and localization (F (1, 30) = 23.55, p = .001), effects were signifi-
cant. A higher amplitude of P2 was registered for congruous patterns in 
the posterior sites.  

• Surprise. P2 deflection was significantly affected by condition (F (1, 30) = 
19.1, p = .001), and localization (F (3, 30) = 7.04, p = .001). Specifically, 
contrast analysis indicated a peak amplitude increasing for congruous 
condition and for posterior localizations.  

• Anger. Condition (F (1, 30) = 6.22, p = .019), and localization (F (3, 30) = 
11.30, p <. 001), differentiated the ERP profile. P2 deflection, indeed, has 
its maximum value in response to congruous stimuli and in the posterior 
areas.  

 
b) Peak latency 
N2 variation. The first general analysis revealed a localization effect (F (3, 
30) = 6.09, p = .001). Post-hoc comparisons indicated that N2 is delayed in 
posterior areas, if compared with anterior ones and, above all, with occipital 
areas for all the emotions. The ANOVAs applied to each emotion showed 
analogous data. In particular, all emotions presented a delayed latency in 
posterior lobes, independently from the condition, for disgust (F (1, 30) = 
3.21, p = .02), happiness (F (3, 30) = 5.17, p = .002), fear (F (3, 30) = 4.28, p 
= .004), anger (F (3, 30) = 6.61, p < .001), surprise (F (3, 30) = 7.01, p = 
.013), and sadness (F (3, 30) = 5.43, p = .002). 
P2 variation. The ANOVA applied to the six emotions displayed a localiza-
tion effect (F (3, 30) = 8.02, p =.001). In particular, contrast analysis indi-
cated a retardation in posterior areas (Pz and Oz), as compared to central 
and anterior areas. Moreover, the significant interaction effect, F (3, 30) = 
2.11, p =.008, showed differences between emotions as a function of the lo-
calization. Specifically, fear and anger showed a delayed peak in the poste-
rior sites of the scalp, while the other emotions had a more homogeneous 
profile in terms of cortical distribution. Taking into account each emotion, 
we observed the main retardation of peak onset for congruous condition in 
comparison with in the incongruous one, respectively for disgust (F (1, 30) 
= 13.75, p = .001); happiness (F (3, 30) = 11.74, p = .002); fear (F (3, 30) = 
10.70, p = .003); anger (F (3, 30) = 17.70, p < .001); surprise (F (3, 30) = 
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29.02, p = .001); (sadness F (3, 30) = 24.15, p <.001). 
Behavioural data. In order to explore the presence of differences between the 
six congruous emotional patterns, a repeated measure ANOVA was applied 
to behavioural data. As showed in Fig. 6, the analysis indicated that the six 
emotions differed (F (3, 30) = 32.90, p < .001). In particular, as revealed by 
contrasts effects, RTs were slower for fear, anger and surprise, while sad-
ness and disgust presented reduced response times. Happiness showed in-
termediate values if compared with the others emotions (no significant dif-
ferences).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 . Response times (RTs) for congruous pairs 
 
 

In a second set of ANOVAs, each emotion was analyzed comparing con-
gruous and incongruous condition. Statistical results indicated that for all 
emotions, except for happiness, condition effect was significant. Nonethe-
less, descriptive data revealed an opposite trend for two emotional sub-
categories. While fear (F (1, 30) = 26.23, p < .001), anger (F (1, 30) = 16.26, 
p < .001), and surprise (F (1, 30) = 14.58, p = .001), revealed an increased 
RT for congruous condition, sadness (F (1, 30) = 43.51, p < .001) and dis-
gust (F (1, 30) = 22.53, p < .001) showed an opposite trend, with delayed re-
sponse for incongruous condition.  
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4.  DISCUSSION 
 
Based on our experimental results, we can summarize four main points. In 
particular, they concern: 1) ERP profile differentiation as a function of the 
cortical localization; 2) The systematic presence of long-latency ERP effect, that 
was supposed to be the cognitive marker of the cross-modal integration; 3) 
The relevance of this cortical index, able to differentiate congruous and incon-
gruous patterns; 4) A different subjects’ response as a function of the specific 
emotional correlates.  

Firstly, as revealed by ERP morphological analysis applied to a long-
latency time-window, there were two different deflections, one positive (P2) 
and one negative (N2). They were characterized by a heterogeneous distri-
bution on the scalp. Specifically, P2 was mainly localized in the parietal ar-
eas, since it arose its higher amplitude at the back site of the scalp (Pz). An 
analogous differentiation was observed for N2 peak variation, with a differ-
ent distribution between anterior and posterior areas. Indeed, it was more 
localized in anterior (Fz) rather then posterior (Pz and Oz) cortical sites. 
These differences in ERP localization suggested that the two deflections 
may account for different cognitive phenomena. This hypothesis was greatly sup-
ported by the different sensitivity shown by the two ERP deflections to lo-
calization in interaction with the condition effect. In fact, the increasing of 
the discrepancy between anterior/posterior localization in the incongruence 
condition for both P2 and N2 is a main point to be discussed.  

Moreover, in the case of P2, data revealed a peak amplitude variability 
as a function of experimental condition, with increased values for congru-
ous patterns. On the contrary, N2 presented a similar peak profile for both 
conditions. P2 sensitivity to congruence condition suggests that this ERP 
variation could be a long-latency index of multisensory integration process 
for emotional stimuli. Specifically, it would be a relevant marker of the re-
dundant and convergent information processing from multiple emotional 
channels (visual and auditory). Instead, its reduction in case of incongru-
ence would account for an unsuccessful convergence of information sup-
ported by face and voice. On the contrary, N2 deflection did not reveal to 
be directly related to cross-modal integration in case of convergence or di-
vergence. Indeed, it appeared to keep the same profile in both experimental 
conditions. Although being out of the main interest of cross-modal integra-
tion analysis, we can state that this variation could be related to the emo-
tional content of the stimuli. Indeed, previous studies demonstrated its sen-
sitivity to the emotional patterns (types of emotion), as a function of some 
parameters, such as the arousal parameter (Balconi & Pozzoli, 2003; Bal-
coni, 2004a; Sato et al., 2001).  
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Another main result of the present research is related the ERP latency 
effect. In comparison with previous research (Pourtois et al., 2002), our study 
revealed that latency of the peak was not differentiated as a consequence of 
the experimental condition, but only in terms of localization. It suggested 
that, mainly for the P2 ERP effect, incongruence condition doesn’t require 
a greater amount of time to be processed. At this regard, it is important to 
note that peak delay for incongruous stimuli observed in previous studies 
was found for early (perceptual) and not for later (cognitive) components. 
A further result in line with this trend concerns RTs. Indeed, the time re-
quired to process incongruous patterns was the same of the congruous 
ones. Subjects’ ability to early decode the incongruous patterns likely re-
sponds to a basic ability that allow the subjects to detect in an automatic 
and sudden way cognitive discrepancy in emotional information processing 
from different communicative channels. On the other hand, it must be un-
derlined that congruous information comprehension doesn’t represent a fa-
cilitation condition for the integrative process. In other words, this “facilita-
tion effect” would be related to the first phase of stimulus elaboration (per-
ceptive phase) but not the successive cognitive mechanisms. 

On the basis of these results it is useful to analyze the effect of the 
single emotional pattern on the ERP profile variations. In fact, emotion-by-
emotion data analysis allowed us to explore the cognitive significance of 
such ERP variations for cross-modal integration. In particular, we observed 
a N2 modification as a function of the different emotions, independently 
from the experimental condition. A substantial dichotomy was observed 
between a first group of emotions, including anger, fear, surprise and dis-
gust and a second group represented by happiness and sadness. In the first 
case, the negative deflection was characterized by a higher peak amplitude. 
As suggested by previous studies, N2 could be a valid index of the emo-
tional content of the stimulus in terms of arousal (high-low) and hedonic 
valence (positive-negative) parameters (Balconi, 2004b; Balconi & Pozzoli, 
2003). The different profile of the ERPs as a function of the emotional va-
lence may indicate the sensitivity of the negative-wave variation to the “se-
mantic” value of the pattern. Similar ERP profiles were observed for happy 
and sad expressions, differentiated from the negative high-arousal emotions 
(fear, anger and surprise). It has been suggested that subjects reaction to 
negative and high-arousal emotional patterns could be more intense (emo-
tional response) than less involving emotions (Lang, Nelson & Collins, 
1990).  

An opposite profile characterized P2. Primarily, it was revealed to be 
homogeneously distributed in a specific and circumscribed posterior area 
(Pz). Secondly, on the whole it was sensible to condition but not to the 
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emotional content. Indeed, it is was not differentiated across the emotions. 
Rather it represented a cognitive marker of the congruence/incongruence 
of the emotional patterns: it was reduced in amplitude in response to in-
congruous stimuli and, on the contrary, increased in response to congruous 
stimuli. Previous researches revealed an analogous “amplification effect” of 
a positive-going wave (P2b) in case of congruous patterns (Pourtois et al., 
2002), generally subsequent to the early-latency ERP effects (N1-P1) and 
preceding a later-latency positive deflection (P3).  

Nevertheless, as already underlined, previous studies applied their 
analysis exclusively to a narrow range of emotional correlates (generally one 
positive and one negative emotion), fact that did not allow to exclude the 
existence of a relation between P2 effect and the emotional content of the 
stimuli. In the present study, thanks to the ampler range of emotions, we 
can exclude with greater confidence an effect due to emotional content, and 
confirm the “cross-modal integration” significance of this effect. Moreover, 
the cognitive meaning of P2 can be compared to the role of an analogous 
ERP variation, the N4 effect. This late component was previously observed 
in response to conditions of semantic anomaly or in case of the necessity to 
reconfigure the semantic context because of stimulus-background diver-
gence, independently from perceptive modality (it was observed for images 
and words) (Balconi & Lucchiari, 2005; Holcomb & McPherson, 1994). 
Thus, it is useful to compare P2 and N4 variations, since they seem to be 
correlated to the congruence of the stimulus, although in an antithetic 
manner. In the first case, N4 is indicative of the semantic incongruence (in-
congruence marker), while P2 signals the semantic convergence (congru-
ence marker) between cross-modal information.  

Finally, as regard to behavioural data (RT), we previously underlined 
the absence of a congruence/incongruence effect per se (absence of a RT re-
tardation for incongruence; absence of a RT facilitation for congruence). 
Nonetheless, it is interesting to notice the presence of different response 
profiles for each emotion, even if in an unattended way. Indeed, “redun-
dancy effect” produced by channel congruence seems to engender an “in-
terference effect” for some patterns (fear, anger and surprise) and a “facili-
tation effect” for other emotions (above all sadness). Only in this second 
case, RTs were reduced in case of congruence. It is possible to suppose the 
presence of a cognitive facilitation in the elaboration of emotions which 
have a low degree of salience (low arousal level) and an opposite, distracting 
effect, for emotions which have a greater emotional impact (high arousal 
level). Paradoxically, in the last case, subjects presented longer response 
times in case of congruence, since we suppose that for these emotions sub-
jects are more able to rapidly detect incongruence, and on the contrary that 
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they are hindered in their comprehension if information is redundant and 
not required (such as in case of congruence). In other words, these emo-
tions would be better recognized at minimum informational level but not at 
maximal (and exceeding) informational level. An opposite trend is sup-
posed for the second type of emotions (later acquired in the development), 
such as sadness, which could benefit from an “informational reinforce”, 
guaranteed by channel redundancy.  
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