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Abstract

Affective information is conveyed through visual as well 
as auditory perception. The present paper considers the 
integration of these channels of information, that is, the 
multisensory processing of emotion. Findings from
behavioral, neuropsychological and imaging studies are 
reviewed.

1. Introduction

The overwhelming majority of studies on human
emotion recognition have used face expressions (for a 
recent overview, see [1]) but only a few studies have 
studied how emotion in the voice is perceived (see [2] 
for a review). A few researchers have looked into 
possible correspondences between the two different 
sensory processes in search of common processing
resources shared by visual and auditory affective
processes alike [3]. This issue is different from that of 
multisensory processing of emotion, which we recently 
started to explore. 

Traditionally, multisensory research has addressed 
very simple phenomena like for example the way a light 
flash and a sound beep are combined or the
enhancement of localization of a weak auditory stimulus 
by the simultaneous presentation of a weak light flash. 
In contrast, phenomena like audio-visual speech and 
audio-visual emotion perception are complex cases
which represent situations that are much more typical of 
the rich environment in which the brain operates and 
reflect constraints the brain faced in the course of
evolution. Of course, it should be possible to apply 
similar methodological imperatives to the study of
complex cases as has been done to the simple ones in the 
past [4]. 

2. Behavioral experiments measuring
cross-modal bias between face and voice 

expressions

In our initial behavioral studies of inter-sensory
perception of emotion we combined a facial expression 
with a short auditory voice fragment and instructed 
participants to attend to and categorize either the face or 
the voice depending on the condition. These experiments 
provided clear evidence that a vocal expression which is 
irrelevant for the task at hand, can influence the
categorization of a facial expression presented
simultaneously [5]. Specifically, participants
categorizing a happy or fearful facial expression were 
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ically influenced by the expression of a voice 
 face was judged as less fearful if the voice 

 happy). Massaro and Egan [6] obtained similar 
sing a synthetic face expression paired with a 

xpression. The effect of the face on voice
on disappeared when face images were presented 
own adding further proof that the face expression 
critical variable [7]. Subsequently we explored the 
 where subjects were asked to ignore the face but 
ate the expression of the voice. A very similar 
dal effect was observed, this time consisting in an 
 of the facial expression on recognition of the 
l expression in the voice ([8], Experiment 3). 
might ask whether attention rather than perceptual 
n itself is the binding factor of audio-visual
n of emotion [9]. Participants judged whether a 

pressed happiness or fear, while trying to ignore a 
ntly presented static facial expression. As an
l task, participants were instructed to add two 

 together rapidly (Experiment 1), or count the 
ces of a target digit in a rapid serial visual
ion (Experiment 2), or judge the pitch of a tone as 
low (Experiment 3). The face had an impact on 
ts of the perceived emotion in all Experiments. 
s-modal effect was independent of whether or not 
performed a demanding additional task indicating
integration of visual and auditory information 
otions is a mandatory process, unconstrained by 

al resources. 

ctrophysiological studies of the time 
se of multisensory affect perception

nomenon of Mismatch Negativity (MMN, [10]) 
sed as a means of tracing the time course of the 
tion of the affective tone of voice with
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strongly resembles the MMN, which is typically
associated with a change (whether in intensity, duration 
or location) in a train of standard-repetitive auditory 
stimuli [10]. Our results are consistent with previous 
EEG results showing that the pitch MMN may be 
influenced by the simultaneous presentation of positive 
non-facial stimuli [12]. 

4. Neuro-anatomy of audio-visual
perception of emotion

Using brain-imaging methods (fMRI) an important
element of a mechanism for cross-modal binding of fearful
face-voice pairs could be found in the amygdala [13]. In 
this study, subjects heard auditory fragments paired with 
either a congruent or an incongruent facial expression 
(happiness or fear) and were asked to judge the emotion 
from the face. When fearful faces were accompanied by 
short sentence fragments spoken in a fearful tone of voice 
an increase in activation was observed in the amygdala and 
the fusiform gyrus suggesting binding of face and voice 
expressions and the role of the amygdala in this process
[14]. Unlike observed in our behavioral studies, no such 
advantage was observed for happy pairs. This could 
suggest that the rapid integration across modalities is not as 
automatic as it is for fear signals. 

An intriguing possibility is that presentation in one 
modality activates areas typically associated with
stimulation in the other modality. One would expect this 
pattern to obtain in cases where a naturalistic, as
opposed to an arbitrary, association obtains between 
auditory and visual stimulus, as is  the case for speech 
and emotion. For example, using fMRI we investigated 
auditory sadness and observed strong and specific
orbitofrontal activity. Moreover, in line with the
possibility just raised, among the observed foci there 
was strong activation of the left fusiform gyrus, an area 
typically devoted to face processing, following
presentation of sad voices [15]. 

5. Selectivity in audio-visual affect pairing 

How selective is the pairing mechanism that accounts 
for event identity? So far we have mentioned studies of 
audio-visual affect where the visual stimuli consisted of 
facial expressions. Such pairings are based on
congruence in stimulus identity, i.e., emotional meaning, 
across the two input modalities. However, other visual 
stimuli such as objects and pictures of visual scenes also 
carry affective information and are equally conspicuous 
in the daily environment. Similarly, there are other
sources of auditory affect information besides affective 
prosody, the most obvious candidates being word
meaning and non-verbal auditory signals. If semantic 
relationship was the only determinant of identity-based
pairings, either of those visual inputs should combine 
with either of those two alternative auditory messages. 
In fact, a similar issue has been raised for audio-visual
speech where the issue is not settled [16]. Selectivity is 
an important issue for identity pairings and we believe 
that learning more about it will reveal important insights 
into the biological basis of multisensory perception. On 
the other hand, we do not know to what extent the 
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processing of the emotion in the voice [21]. By
manipulating awareness this way, we could also look at 
a possible interaction between awareness and type of 
audio-visual pairing, for example whether combinations 
of emotional stimuli other than the human face equally 
influenced perception of emotional voices. For this
purpose we designed two types of pairs each with a 
different visual component, one consisting of facial
expression-voice pairs and the other on emotional scene-
voice pairs [21]. ERPs were measured in two
hemianopic patients and we compared the pattern
obtained in the intact hemisphere where patients were 
conscious of the visual stimuli with that obtained in the 
blind hemisphere were there was no visual awareness. 
We found support for the hypothesis that unlike
naturalistic pairings, semantic pairings might require
conscious perception and mediation by intact visual 
cortex. These results are in line with previous studies 
that have provided evidence in favor of qualitatively 
different processing systems for conscious and non-
conscious perception. 

7. Multisensory perception of emotion 
and motor theory

The preceding results raise many theoretical questions 
about the selectivity of the multisensory pairing
mechanism and its organismic basis. Unlike the case of 
audio-visual speech, our daily environment provides a 
great variety of emotional cues visual (a multitude of 
emotionally laden images assault our senses) as well as 
auditory ones (whether verbal or not verbal, whether 
human or from other species). Yet, the voice-face pairs 
seem to stand out (at least that is what our present data 
indicate). Would a special status of voice-face pairs 
indicate a specific functional underpinning for this kind 
of pairs and might this be the basis for selectivity 
providing scene-voice pairs, scene-word pairings or
face-word pairs with different characteristics than face-
voice pairs? An interesting possibility is that emotional 
face and voice perception might activate similar motor 
schemes like for example the ones also underlying the 
production of these voice and face expressions. An 
analogy that comes to mind is with the motor theory of 
speech perception [22]. There are at present some
findings in support of this view. As shown by Dimberg 
and collaborators [23], facial expressions are
automatically imitated even when one is not aware of 
them. Sensorimotor cortex plays a role in the perception 
of emotional expressions of the face [24]. While these 
findings are intriguing, they only provide part of the 
solution to audio-visual perception 
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