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Chapter 1

Multi-sensory perception: the case of audio-visual emotion perception
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1.1 General introduction

The perception of emotions in con-specifics stands out as one of the most important

social skills in human cognition (Darwin, 1871, 1872; Frijda, 1989; Damasio, 1994;

LeDoux, 1996). The research presented here concerns the perception of emotions when

this perception is simultaneously achieved by ear and by eye. Such multi-sensory

situations are the rule rather than the exception in natural environments. Yet, the goal of

this thesis is not to study emotions per se. It is the presentation of an empirical research

work that has been carried out with the methods available today in Cognitive

Neuroscience and in order to clarify the cognitive mechanisms and the corresponding

neuro-anatomical implementation of multi-sensory perception of emotion. We will refer

to this process as multi-sensory perception of affect (MPA). Our focus is limited to

visual and auditory information and we did not consider other sensory inputs like non-

linguistic signals, emotional body language or gait, which also accompany expression of

emotions.

The visual component is provided by the face configuration that undergoes some

changes that can lead to different facial expressions. The auditory component is

provided by the voice and its changes in pitch, duration or intensity leading to different

affective tones of voice. Our primary goal was to explore the nature of the relationship

unifying a face expression and a concurrent affective tone of voice. We have used the

same experimental paradigm but using different techniques, complementing each other.

This experimental paradigm is known as the cross-modal bias paradigm. We have

investigated the behavioural manifestations of MPA (question 1), its time-course

(question 2), its behavioural and electrophysiological manifestations in brain-Iesioned

patients (question 3) and its neural bases (question 4).

In this introductory chapter, our goal is first to review empirical data in the

literature and present theoretical frameworks that have been proposed to account for

multi-sensory perception in cognitive sciences and neurosciences. In a first part, we will

restrict our presentation to what is called object-based multi-sensory perception. We

will specifically explore the case of audio-visual emotion perception (or MPA) in the

second part of this introductory chapter.

1.2 Multi-sensory perception

MPA can be considered as an instance of multi-sensory object recognition and is similar

to many other cases of object perception where convergent information about the same
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object is presented though different sensory modalities. Two sets of constraints have

traditionally been envisaged in the literature (Bertelson, 1999). The first, often referred

to as structural {actors, concerns the spatial and temporal properties of the sensory

inputs. The other set, often discussed as cognitive {actors, is related to a whole set of

semantic factors, including the subject's knowledge of and familiarity with the

muItimodal situation. We review some aspects of this research tradition in order to

situate MPA in that context.

J .2.1 J ntroduction

Sensory modalities are traditionally characterised by the type of physical stimulation

they are most sensitive to - light for vision, sound for hearing, skin pressure for touch,

molecules in the air for smell etc. This approach to the study of perception does not due

justice to natural beginnings of perception. Indeed, in many natural situations different

senses receive more or less simultaneously correlated information about the same

objects or events. It also does not correspond to what happens at the other extreme end

of the perception process, the perceiver's intuition that in perceiving an object or even

in remembering or imagining it, different sensory qualities are intimately linked. In line

with the notion of sensory specificity, there is the widespread view that information

from primary sensory cortex is combined in heteromodal areas of the brain, a process

that yields multi-modally determined percepts (Mesulam, 1998).

Much research has been done in the cat, in primates and in man using techniques

as diverse as single cell recording, lesion studies, Event Related brain Potentials (ERPs),

and the analysis of neuropsychological deficits. In addition, new methods such as

functional brain imaging are well suited for studying cross-modal integration (e.g.,

Calvert, Campbell, & Brammer, 2000; Macaluso, Frith, & Driver, 2000b; Dolan,

Morris, & de Gelder, 2001). An older neurophysiological technique known as

Transcranial Magnetic Stimulation (TMS, see Chapter 9) has been recently applied to

this problem.

One rationale for assuming that integration must take place rests on an argument

from adaptiveness. The combination of complementary or redundant information from

different sources is probably adaptive because it can reduce the effects on perceptual

performance of adverse factors like drifts or just intrinsic noise. Multi-sensory

integration also helps maintaining coherence between the modalities, as demonstrated

by the occurrence of adaptive after-effects consequent on exposure to inter-modal
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discrepancy, for example in the case of prismatic adaptation (Held, 1965). The classical

view is that some general principles underlie inter-sensory integration based on

structural properties of the inputs, foremost its spatial and temporal characteristics

(Welch & Warren, 1980; Stein & Meredith, 1993). These principles operate

independently of stimulus content and can be investigated equally well whether the

stimulus pairs are, for example, audio-visual or visuo-tactile, whether they consist of

meaningless beeps and flashes or speech syllables. Many researchers seem to assume

implicitly that the former may in fact provide a better chance to discover general

principles (for a recent example of this view, see Shams & Shimojo, 2001). This

assumption would be justified if not other constraints like for example content of the

stimuli would playa role.

In behavioural work on cross-modality, researchers have converged on temporal

synchrony and spatial coincidence as the major if not the only conditions under which

inter-sensory integration occurs (Bertelson, 1999). Temporal and spatial contiguity has

been studied in a wide number of studies most of which have used simple stimuli like

light flashes and sound bursts or geometrical shapes and brief tones (for a recent

illustration, see Fuster, Bodner, & Kroger, 2000). A few studies have used more

complex stimuli like in audio-visual speech, which associates speech sounds with the

sight of the talker's facial movements (Campbell, Dodd, & Burnham, 1998), and audio-

visual emotions (de Gelder & Vroomen, 2000a). Intuitively it seems that there would

also be object-based constraints on multi modal integration besides space and time

constraints.

The notion that inter-sensory integration is adaptive is likely to involve also

some mechanism for input selectivity because not all spatially and temporally

coincidence correspond to perceptual objects. Such cases in which inputs to different

modalities bring more or less simultaneously information about the same external event

can be called valid co-occurrences. Unavoidably, invalid co-occurrences, in which

inputs of independent origins accidentally come to coincide, also happen frequently in

nature. One conjectures that for integration to be adaptive, the nervous system must

however show selectivity regarding which inputs to separate senses it combines, and

privileges those that are likely to originate in the same external events (de Gelder,

2000).



Introduction 5

1.2.2 Early behavioural studies of multi-sensory perception: a historical perspective

As pointed out in a recent book chapter by Paul Bertelson (submitted), the study of

cross-modal influences has a long history in experimental psychology, going back to the

19th century, with a very rich period during the sixties and seventies during the last

century. In order to shed light on object-based multi-sensory perception, we believe it is

relevant here to briefly come back to the main findings made about multi-sensory

processing during this period of time in the history focussing on behavioural methods

used to measure audio-visual integration in human subjects.

It is already established for a long time that reaction times to spatially and

temporally coincident simple audio-visual stimuli are shorter than those to disparate or

unimodal stimuli (Bernstein, Clark, & Edelstein, 1969). Likewise, auditory thresholds

are even decreased by coincident visual stimuli (Child & Wendt, 1938).

Cases of cross-modal influences were mentioned back to the beginnings of

psychological science. Already in 1839, Brewster reported that observers who saw

indented objects, such as engraved seals, through an optical device that inverted

apparent concavity experienced the same inversion when they explored these objects

simultaneously by touch. At nearly the same time, the German physiologist Johannes

Muller, in the 1838 presentation of his famous law of the specific energies of nerves

cited the so-called ventriloquist illusion as a possible exception. Muller's law stated that

the particular quality triggered by afferent neuronal impulses depended on the nerve on

which they reached the brain. The ventriloquist illusion consists of the fact that the

audience of the performing ventriloquist generally experiences the speech produced by

the artist without visible articulation as coming from the dummy he simultaneously

agitates, instead of from his own mouth. As Muller rightly realised, that effect implies

the integration of information from different modalities in forming an impression of

spatial origin. Although scattered studies based like Brewster's observations on

experimental alteration (also called re-arrangement) of sensory inputs continued to be

reported (for reviews see Harris, 1965; Howard & Templeton, 1996; Welch, 1978), and

are occasionally quoted for having pioneered more contemporary developments, they

did not constitute a coherent research effort.

The first systematic movement of behavioural research on multimodality started

in the late 1950s and focussed mainly on optical displacements of the visual field by

prisms. The work was modelled after an experiment of Helmholtz (1866), showing that

a subject who pointed to a visual target seen through a laterally displacing prism, and



6 Chapter 1

initially landed on the side of the target, rapidly corrected his error, if he could see his

hand through the prism. When the subject was subsequently asked to point to the visual

target without prism, he now miss-reached in the direction opposite the earlier prismatic

displacement. The occurrence of such after-effects was taken as showing that the

correction observed under prism exposure implied some non-conscious recalibration

processes. These recalibrations could affect the registration of any of the functional

articulations in the chain between retinal position and pointing finger. Much research

was focused on locating the effects either in the felt position of the exposed limb or in

visual localisation (Harris, 1965).

The question which perhaps received the greatest deal of attention was the role

of active movement, as stressed by Richard Held and his MIT group on the basis of data

from both prism adaptation in humans and the development of visuo-motor coordination

in animals (Held, 1965). With humans, the main finding was that adaptation occurred

when the subject observed through the prisms her/his own hand in active movement, but

not when the hand was moved by the experimenter or simply immobile. It was proposed

that the main condition for the occurrence of recalibration was exposure to rearranged

reafferent stimulation, i.e. consequent upon self-produced movement. Held's seminal

hypothesis triggered falsification attempts, which led to alternative explanations of the

effects of active movement and finally dispensed with reafference as a necessary

condition.

Among the arguments raised against the reafference hypothesis was the fact that

adaptation could also result from exposure to spatial incongruence between purely

afferent, or exteroceptive, stimulations. For body sensations, examples were the

displaced sight of an immobile limb (Craske & Templeton, 1968) or of an approaching

tactile stimulator (Howard, Craske, & Templeton, 1965). And finally, it was shown that

exposure to simultaneous noise bursts and prismatically displaced light flashes resulted

in recalibration of both auditory and visual location (Canon, 1970, 1971; Radeau &

Bertelson, 1969, 1974, 1976). In the 1974 Radeau and Bertelson experiment, the

exposure condition involved only monitoring the inputs for occasional intensity

reductions, and no localisation responses, thus ruling out any role of response processes

in the observed recalibrations.

These findings were consistent with an alternative view of the basis of

recalibration, which had already been proposed by Hans Wallach. Working within the

visual modality, Wallach had discovered several cases in which exposure to
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experimentally created conflicts, mainly between cues to visual depth, produced

recalibration of one or both of the involved cues. Starting from there, he developed a

general view of perceptual adaptation as based on "informational discrepancy", which

applied equally to situations of intramodal and intermodal conflict (Wallach, 1968; see

also Epstein, 1975, for similar views).

1.2.3 A preliminary framework

We have seen that several behavioural methods have successfully been used in the past

to demonstrate the existence of intermodal recalibrations mainly in the domain of space

perception. Object-based multi-sensory perception is a complex issue since beyond the

spatial and temporal determinants of the input, the nature of the object to perceive can

vary a lot from one condition to another. In this context emotions are just one class of

perceptual object besides speech and space. Several objects are actually susceptible to

be perceived by multiple sensory channels at the same time and a key question concerns

the existence of general principles that would govern multi-sensory perception.

Structural factors such as temporal and spatial coincidence can be envisaged as such

(see Bertelson, 1999). On the other extreme and contrary to this view, on finds the

suggestion that each domain of perception possesses its own principles of organisation

and that the overlap between domains is fairly limited. Object-based multi-sensory

perceptions is likely to stand somewhere between these two extremes.

Since a few years multi-sensory perception is a booming research field. A wide

spectrum of experimental situations have been envisaged using a range of stimuli from

the very simple to the most complex and no comparative work is available yet which

would allow the emergence of some general principles. Some areas have been

investigated much more thoroughly than others and in the latter case methods from

better-understood phenomena have been applied to the study of relatively new fields.

For example, we will see that some of the principles observed at the neuronal level in

deep layers of the superior colliculus in cat have been recently related to data obtained

with brain imaging methods at the macroscopic level in different cortical regions of the

human brain (see Calvert, 200 I).

Behavioural models of multi-sensory perception

The perceiving organism is confronted with different sensory inputs often taking place

at the same time and place and the perceiver reports objects with multiple sensory
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attributes. Inter-sensory integration refers to the notion that the brain combines these

different inputs. It is a theoretical notion advanced in order to account for a wide range

of observations that there are interactions between different sensory modalities. As we

shall see, some current neural models of multi-sensory perception do not postulate an

intermediate stage of integration. Behavioural models traditionally tend to assume that

there exists an intermediate stage of intersensory integration and they tend to do so in

order to account for the observations of cross-modal effects. These only suggest that

both sensory inputs combine but that as a consequence of this combination there is a

feedback effect from one modality onto the other, most typically the task related one.

The behavioural results reviewed above by themselves indicate but do not prove

unambiguously that there is indeed perceptual integration and that it is taking place on-

line. The results are compatible with the notion that processing of multimodal events is

carried out in different, modality specific representation systems. Integration might be

an epiphenomenon of cortical synchronisation of sensory specific areas (Ettlinger &

Wilson, 1990). Integration could also take place after the respective sensory sources

have been fully processed, as assumed in late integration models. Such an approach has

similarities with a standard late integration view or response selection explanation of the

Stroop effect (MacLeod, 1991). A different approach to audio-visual theories is to

postulate recoding of one of the input representations. Following models that have been

considered for audio-visual speech integration (Summerfield, 1987), different

alternatives can be envisaged.

The first alternative postulates that one source is recoded into the

representational system of the other (e.g., visual representations are recoded into

auditory ones). A second alternative is that both sensory representations are recoded

into a supramodal abstract representation system (Farah, Wong, Monheit, & Morrow

1989). A third possibility is that information in the two modalities is extracted in

parallel and independently. A version of this latter view has been applied to audio-

visual perception of emotion by Massaro and Egan {I 996). This application is in line

with a broader perspective of audio-visual perception. Massaro (1987, 1998) has

developed a model aimed at explaining the general mechanisms and rules of perception,

called the Fuzzy Logical Model of Perception. We will come back to this model and its

implication for MPA later in this chapter.
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Different multi-sensory objects

As a first approximation the kinds of audio-visual objects that have been studied appear

to be of two categories. On the side of the simple stimuli one finds all the combinations

of simple visual flashes and tone bursts. A common situation is the one were two

different tone frequencies are combined with two different light intensities (Stein &

Meredith, 1993; Fuster et a\., 2000). Such parings are obviously arbitrary and usually

the subject is trained to associate them and perceive them as paired in the context of the

experiment (see Giard & Peronnet, 1999, for an example). The situation is quite

different with audio-visual pairs consisting of speech sounds and lip movements or

facial expressions and emotional tones of voice. It does not require any training for the

perceiver to treat these pairs as such in the laboratory. In fact, in the course of studying

these pairings naturally associated, the experimenter creates conditions allowing pulling

them apart or dissociating them. This is often done in order to obtain incongruent pairs

and compare them with the natural situation of congruence (for speech perception, see

McGurk & MacDonald, 1976; for emotion perception see de Gelder & Vroomen,

2000a). Natural and arbitrary pairs thus seem to pull the researcher in opposite

directions.

Multi-sensory perception is widespread in daily environments. However, there

are only a few multi-sensory phenomena that have been studied in depth so far in

cognitive psychology. Space perception, language perception and the perception of

temporal events are three domains of human cognition where multi-sensory research has

brought valuable insight.

Humans like most other organisms manifest audio-visual capabilities in several

domains of perception. In the domain of space perception, many behavioural effects

have been shown previously that all reflect our ability to integrate space information

when this information is concurrently provided in the visual and auditory modality. We

have already seen that the distance between spatially disparate auditory and visual

stimuli is underestimated with temporally coincident presentation, a phenomenon

known as the ventriloquist effect (Bermant & Welch, 1976; Radeau, 1994; Bertelson,

1999). Visual capture is another instance found in the spatial domain (Hay, Pick, &

Ikeda, 1965). It involves a spatial localisation situation when the visual information is in

conflict with that of another modality, namely proprioceptive information. Perceived

location is determined predominantly by visual information.

When speech sounds are presented simultaneously with incongruent lip-read
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information, subjects report a percept that neither belongs to the visual modality nor to

the auditory one but that represents a fusion between the two. This effect is known in

the literature as the McGurk effect (McGurk & MacDonald, 1976). In the McGurk

situation, bi-syllabic sounds (/babaJ) are presented simultaneously with incongruent lip-

read information in the form of mouth movements showing the articulation of /gaga/.

McGurk and MacDonald (1976) have shown that subjects reported in more than 90% a

percept that represented a fusion between the two modalities (/dadaJ). With some other

trials (the sound /gaga/ combined with the lip-read stimulus /babaJ) subjects reported

combination (/bagaJ) in more than 50%. These results indicate that the visual and

auditory components of syllables do combine and the combination translates as a new

percept. These results obtained for the audio-visual perception of incongruent speech

are consistent with previous behavioural results obtained for congruent audio-visual

situations and suggesting a multimodal integration during speech perception (see Dodd

& Campbell, 1987 for a review).

Another audio-visual effect is found in the temporal domain (Shams, Kamitani,

& Shimojo, 2000) and consists of a symmetric case to that observed with the

ventriloquist effect. Here, a visual illusion is induced by sound. When a single flash of

light is accompanied by multiple auditory beeps the single flash is perceived as multiple

flashes. This phenomenon is consistent with previous behavioural results that have

shown that sound can alter the visually perceived direction of motion (Sekuler, Sekuler,

& Lau, 1997). These effects show that visual perception is malleable by signals from

other modalities, such as auditory perception is malleable by signals of other modalities.

The dominance of one modality over the other is therefore not absolute but

depends on the context in which cross-modal effects take place. For space perception,

the visual modality dominates over the auditory and this situation is reversed for the

perception of temporal events (see Shimojo & Shams, 2001 for a recent discussion).

Arguments infavour of object-based multi-sensory perception

Our brief review indicates that structural factors are the ones that have attracted by far

the most attention from researchers in the field of multi-sensory integration. By

comparison, the role of cognitive factors is under-investigated. We already alluded to a

conceptual argument in favour of object-based constraints on multi-sensory perception,

which is that satisfaction of only spatial and temporal coincidence would expose the

organism to register many invalid and spurious incidences of multimodality. There are
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not yet many empirical results in the literature that provide insight in what object-based

constraints on multimodality consist of and how they operate. For example, there is

some behavioural evidence suggesting that audio-visual speech can be dissociated from

ventriloquism if spatial and temporal constraints are taken into account (Bertelson,

Vroomen, Wiegeraad, & de Gelder, 1994). But the question on cognitive constraints has

not been yet been addressed systematically in the literature.

As is frequently illustrated in the history of cognitive psychology, the

complexity of a phenomenon IS revealed by dissociations observed In

neuropsychological case studies. In our case study of patient AD (see Chapter 6), we

have shown that audio-visual processing of speech and emotion could also be

dissociated after brain damage. In patient AD, the audio-visual perception of speech was

severely impaired after bilateral occipito-temporal lesions whereas her audio-visual

perception of emotion was spared (de Gelder, Pourtois, Vroomen, & Bachoud-Levi,

2000). Also, face expressions influenced affective voice recognition but no such impact

from covert face (identity) recognition was found for face-name pairs.

Another dissociation was observed in two hemianopic patients (GY and DB)

with blindsight (see Weiskrantz, 1986) and obtained between conscious and non-

conscious audio-visual pairings (see Chapter 7). Unfortunately the number of

neuropsychological dissociations observed with multi-sensory processing is still limited.

Likewise, there is no brain imaging study available yet that has systematically compared

multi-sensory processing across different domains such as space, speech or emotion

perception. As a consequence, it is still very difficult today to draw strong conclusions

about the general principles that would govern multi-sensory processing.

1.2.4 Short overview of the major methods and findings in multi-sensory research

Behavioural studies

In behavioural research on audio-visual integration, a few models of audio-visual

integration do exist (Miller, 1982, 1986; Massaro, 1998). The behavioural measures on

the basis of which audio-visual integration is inferred are predominantly accuracy and

response latency. When subjects respond better and faster to the bimodal stimulus than

to either of the single modality ones, there is evidence that the response is based on

inter-sensory integration. The evidence is inevitably indirect and other models like for

example a race model which do not predicate integration of the two separate modality
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inputs can in principle still explain the same behavioural pattern. Faster reaction times. .
for bimodal stimulus pairs than unimodal stimuli is compatible with the Redundant

Signal Effect (RSE; Miller, 1982, 1986).

If a RSE is obtained for congruent audio-visual stimulus pairs, it does not

necessarily mean that audio-visual integration or neural interaction did occur (Miller,

1986). Firstly, RSEs are also obtained with redundant stimuli presented in the same

modality. The RSE is therefore not specific to multi-sensory perception and is also

found for spatial summation experiments in which a redundant simple visual stimulus is

detected faster than a non-redundant visual stimulus, an effect referred to as Redundant

Target Effect (RTE; see Marzi, Tassinari, Aglioti, & Lutzemberger, 1986; Miniussi,

Girelli, & Marzi, 1998; Murray, Foxe, Higgins, Javitt, & Schroeder, 2001).

Secondly and as already mentioned above, faster reaction times (RTs) with

congruent bimodal stimulus pairs could also be explained by a horse race model (Raab,

J 962) that does not imply interaction between modalities. In this perspective, each

stimulus of a pair independently competes for response initiation and the faster of the

two mediates the response. Thus, simple probability (or statistical) summation could

produce the RSE. Indeed, the likelihood of either of two stimuli yielding a fast RT is

higher than that from one stimulus alone. On the other hand, RSE could also be

explained by a co-activation model (Miller, 1982) that implies that the two modalities

are integrated together and interact prior to motor response initiation. In order to

distinguish between a race and a co-activation model, Miller (1982) proposed to analyse

RTs using cumulative probability function and to test for what he called the inequality

assumption. The inequality places an upper limit on the cumulative probability of RT at

a given latency for a stimulus pair. For any latency, t, the race model holds when

cumulative probability value is less than or equal to the sum of the cumulative

probabilities from each of the single stimuli minus an expression of their joint

probability.

One of the few approaches developed for modelJing audio-visual integration is

the Fuzzy Logical Model of Perception (FLMP, Massaro, 1987, 1998). The basic

assumption behind the model of Massaro is that sensory information is always

processed the same way whatever the domain of application. In this perspective, audio-

visual perception is just one instance of perception besides other instances and the

mechanisms responsible for audio-visual perception are similar to the mechanisms

involved in other domains of cognition or perception. Massaro has provided data on
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bimodal speech perception from children, elderly, hearing impaired or bimodal emotion

perception that all fit the FLMP. This is an apparent strength of this computational

model: it is able to describe a wide range of human performance patterns. However, the

risk is that FLMP is only descriptive because it has no pre-conceptions about the nature

of the components it seeks to describe (Burnham, 1999).

The FLMP postulates four sequential stages of processing. The first step is

feature evaluation, which is assumed to be carried out independently and separately for

each modality source. The second step is an integration of the features available after

the first stage. This is of course the stage of interest for our purpose. The integration is

achieved through a multiplicative combination of the response strengths of components

of information input. The result of this integration is then matched to a prototype stored

in memory during the assessment stage. Finally a response is selected based on the most

consistent prototype given the visual and auditory cues.

The proposal of a first evaluation stage carried out separately for each modality

source is highly debated. This independence of the auditory and visual components in

audio-visual speech has been called into question. An alternative conception is the

possibility of intermodal cues (see Campbell, Dodd, & Burnham, 1998). Another

controversial property of the first evaluation step IS about the nature of the

representations that drive this stage. Indeed, in this conception (Massaro, 1998), the

algorithm of perception tags each feature with a continuous value and this characteristic

runs against several empirical data that have shown a categorical perception function for

speech perception (Liberman, Harris, Hoffman, & Griffith, 1957).

Neurophysiological studies

Multi-sensory perception has been studied at the cellular level in animal research using

diverse neurophysiological techniques such as single-cell recordings and lesion studies

(Stein & Meredith, 1993; Knudsen & Brainard, 1995; Graziano & Gross, 1998). These

animal experiments have indicated the existence of anatomical convergence zones

between different modalities (see Damasio, 1989; Mesulam, 1998 for reviews). Among

these convergence zones, the involvement of the superior coWeulus (SC) in audio-

visual perception has been well-documented (Stein & Meredith, 1993). These older

neurophysiological studies have shown that these convergence zones do contain

neurons capable of multimodal integration. Multimodal integration refers to the fact that

in these specific zones of the human brains (such as found in the SC), some neurons are
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capable oftransfonning the separate sensory inputs into an integrated product.

Neurophysiological studies have identified regions in the brain (like the SC) that

are potential candidates for multi-sensory integration. These regions contained neurons

that are only firing for bi or even tri-modal stimuli (Stein & Meredith, 1993 for audio-

visual integration and Graziano & Gross, 1998 for visuo-tactile integration) and that

therefore would provide the neural substrates of multi-sensory integration.

In single-cell research, multimodal neurons are sometimes defined as the ones

that have a significant average firing rate in response to bimodal stimuli without

statistically significant differences in average firing rate between unimodal and inter-

trial baseline (Stein & Meredith, 1993). Multi-sensory neurons have been found in the

deep layers of the SC in cat. The SC is a midbrain structure that plays a fundamental

role in attentive and orientation behaviours such as saccadic eye movements (Wurtz &

Goldberg, 1972; see Wurtz, Basso, Pare, & Sommer, 2000 for a recent review). These

neurons receive afferent connections from three sensory modalities (visual, auditory and

tactile). Stein and Meredith (1993) have shown that in the deep layers of the SC, a map

of sensory space represents each modality at the neuronal level. The possibility of

multli-sensory interactions is provided by the particular anatomical organisation of the

Sc. These different maps overlap each other so that stimuli of different sensory

modalities originating from the same spatial source activate the same region of the SC.

Some of these neurons are capable of transforming the separate sensory inputs into an

integrated product as indicated by an increase of the number of impulses in a

multiplicative ratio, a phenomenon referred to as multi modal integration. Importantly

too, if the sensory cues are spatially disparate, a response depression is observed in the

SC cells. Stein and Meredith (1993) have described integration rules for these

multi modal neurons of the Sc. The sensory cues must appear in close temporal and

spatial proximity (the larger the integration the closer in space and time the inputs from

different modalities). Moreover, if unimodal stimuli are less effective, the magnitude of

the enhancement they are capable of by combination would be larger (the inverse

effectiveness rule). In other words, multimodal integration at the neuronal level is

maximal when the individual stimuli are minimally effective. Finally and this is the

fourth rule, multimodal integration preserves the receptive field.
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EEGIMEG

Electroencephalographic (EEG) and magnetoencephalographic (MEG) recordings are

direct measure of integrated local field potential. From the raw signal obtained with

EEG/MEG, it is possible to extract after a series of processing stages ERPs that are

thought to reflect an accurate spatio-temporallocalisation of specific brain activation.

Very few studies have used EEG/MEG recordings in human subjects to track the

time-course of multi-sensory processing (see Calvert, 2001 for a recent review). In the

ERPs literature, multi-sensory processing is commonly reflected by interaction periods

at the level of the human scalp (Giard & Peronnet, 1999; Schroger & Widmann, 1998).

These interaction periods are defined as a continuous time difference (> 20 ms) with a

stable topography between the waveform corresponding to the summed responses of

unimodal presentations (visual + auditory) and the waveform corresponding to audio-

visual presentations (Barth, Goldberg, Brett, & Di, 1995; Rugg, Doyle, & Wells, 1995).

In EEG/MEG studies with human subjects, the application of the [AV - (A+V)] formula

at the population level has revealed early patterns (before 200 ms post-stimulus) of

audio-visual interactions (see Schroger & Widmann, 1998; Giard & Peronnet, 1999;

Raij, Uutela, & Hari, 2000).

Electrophysiological studies (either EEG or MEG) focused on cross-modal

identification have clearly demonstrated large amplitude effects either consisting of

increase or decrease of early unimodal components like the auditory N I or the visual PI

component (each generated around 100 ms for stimulus presentation in their respective

modality) in normal subjects during the perception of audio-visual stimuli (Sams,

Aulanko, Hamalainen, Hari, Lounasmaa, Lu, & Simola, 1991; Giard & Peronnet, 1999;

Raij et al., 2000). Increase or amplification of the neural signal in modality-specific

cortex (see de Gelder, 2000; Driver & Spence, 2000 for a discussion) appears therefore

as an important electrophysiological consequence of cross-modal integration.

Neuro-imaging studies

In functional brain-imaging research, at least three different strategies have been

proposed to identify anatomical convergence regions in the human brain. One is to

contrast the combined brain response to both unimodal conditions (auditory + visual)

with the brain response for audio-visual processing (see Calvert, Campbell, &

Brammer, 2000; Calvert, Hansen, Iversen, & Brammer, 2001; King & Calvert, 2001).
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We will see that this approach raises several questions about the possible manifestations

of multi-sensory integration at the level of the brain.

Another strategy is to look at coincident activation (or overlap in the activation)

between the visual and auditory modality (Downar, Crawley, Mikulis, & Davis, 2000;

Macaluso, Frith, & Driver, 2000b; Raij et al., 2000; Bushara, Grafman, & Hallett,

2001). Finally, congruence effect between congruent vs. incongruent audio-visual pairs

can be measured (see Dolan et a!., 2001). Consequently, there is no a priori reason to

believe that multimodal integration at the population level is necessarily always

manifested by a response enhancement (or response depression) compared to the sum of

visual and auditory responses (but see Calvert et al., 2001, for a different view). Further

discussion is needed though in order to understand why this rule would be absolute and

could be directly applied from the neuronal level to macroscopic level of investigation

without further justifications.

Indirect hemodynamic measures of the neuronal activity (such as functional

Magnetic Resonance Imaging - fMRI, and Positron Emission Tomography - PET) have

recently been used to study multi-sensory processing. Recent brain imaging studies have

considered a fairly wide variety of audio-visual perception situations such as audio-

visual speech pairs (Calvert et a!., 2000) or audio-visual affect pairs (Dolan et a!., 2001).

Some studies have attempted to look at the neuro-anatomical correlates of multi-

sensory perception in human subjects using a data analysis inspired from single cell

recording techniques used in animal experiments (see Calvert, 2001 for a recent

review). These recent fMRI studies have disclosed change of the BOLD contrast in

heteromodal regions of the human brain (Calvert, 2001). The notion of heteromodal

regions refers to the fact that the hemodynamic changes are found in regions of the

human brain that are known from previous neurophysiological studies to be anatomical

convergence zones between different modalities. For instance, in audio-visual

perception, the Superior Temporal Sulcus (STS) has been defined as a heteromodal

region.

Moreover, some functional brain-imaging studies have also found activation in

modality-specific regions of the human brain during multi-sensory perception. These

functional brain-imaging studies have corroborated the results of previous EEG studies

(Schroger & Widmann, 1998; Giard & Peronnet, 1999) also based on the same principle

for data analysis. This data analysis is related to the first strategy to identify anatomical

convergence regions in the human brain reviewed here above and implies a comparison
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of the brain response to audio-visual condition (AV) with the combined response to

both unimodal conditions (A+V). A systematic search for differences between these two

conditions can then be carried out.

In the first fMRI study (Calvert et aI., 2000), subjects listened to speech while

viewing visually congruent and incongruent lip and mouth movements. Brain activation

to matched and mismatched audio-visual inputs were contrasted with the combined

response to both unimodal conditions. Using this strategy of data analysis, Calvert and

collaborators (2000) identified an area in the left STS that exhibited significant supra-

additive response enhancement to matched audio-visual inputs compared to the

combined response to both unimodal conditions [AV > (A+V»). Moreover, they also

observed for the same cortical region a corresponding sub-additive response to

mismatched inputs [AV < (A+V»).

In a second fMRI study (Calvert et aI., 2001), they used meaningless auditory

(white noise bursts) and visual (alternating checkerboards) stimuli that were arbitrarily

associated or presented is isolation. Subjects were exposed to synchronous and

asynchronous audio-visual pairs. Using a similar data analysis to that proposed in the

first study, they identified the superior-colliculi that exhibited significant supra-additive

response enhancement to synchronous audio-visual inputs and a corresponding response

depression to asynchronous inputs. Unlike the first fMRI study in which they tested for

sub-additivity [AV < (A+V»), in the second study they used response depression [AV <

max (A,V») without further justification.

In a PET study of audio-visual asynchrony detection, Bushara and collaborators

(2001) found that the right insula was involved in visual-auditory temporal synchrony

detection. In this study, subjects were explicitly instructed to focus on the temporal

coherence of the inputs and there were three levels of onset asynchrony. They used both

subtractions of asynchronous conditions from synchronous condition and regression

analyses.

The supra-additivity criterion is based on the assumption that for a given

multi modal neuron the sum of auditory and visual impulses can be used as a control

condition (or baseline) and has to be compared to the magnitude of audio-visual

impulses to decide if this cell is multimodal or not. However the problem is that we still

do not know whether this is correct or not when we are dealing with macroscopic

activation such as observed with fMRI and EEG recordings. The transition from single-
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cell to large neuronal populations is a complex issue and some prudence is required

when deriving single-cell response properties form population activity (op de Beeck,

Wagemans, & Vogels, 2001). In this context, there is no reason to believe a priori that

the sum of unimodal responses is the right control condition (or baseline) in the case of

functional brain imaging of multi-sensory perception. In some circumstances, the use of

a different control condition is probably required.

1.2.5 Models/or the neuro-anatomical implementation of multi-sensory perception

It is difficult to draw general conclusions about the neuro-anatomy of audio-visual

integration from these studies or to answer the question whether a common audio-visual

integration mechanism is at the basis of each of these integration processes. The

situation is complicated by differences in the choice of baseline and the use of different

control conditions in each of these studies. For example, sometimes arbitrary audio-

visual pairs have been used as control for audio-visual speech pairs (Sams et al., 1991;

Raij et al., 2001) or the sum of unimodal activation in each modality has been used as a

baseline (Calvert et al., 2000). Altogether there is at present only a dozen studies

available and because of different stimulus properties and different methods it is

difficult to compare results.

Some studies have provided support for the role of multimodal areas involved in

inter-sensory integration while others have also provided evidence for the downstream

consequences of integration, which are presumably based on feedback loops to

modality-specific cortices. We will review these two possibilities in details as well as a

third one based on the temporal synchrony assumption.

Heretomodal convergence

The classical view on integration is still today that visual and auditory inputs are first

processed within their respective sensory channel before they combine into anatomical

convergence zones of the human brain (Damasio, 1989; Mesulam, 1998; Calvert, 2001)

in order to yield rich multi-sensory percepts. This conception is classical given the

numerous neurophysiological studies in non-human primates that have clearly

demonstrated the existence of these anatomical convergence zones (see Calvert, 2001

for a recent review). In this type of model, modality specific areas communicate via

dedicated sites of anatomical convergence.

These heteromodal zones are found at many sites in the brain, both at the
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cortical and sub-cortical levels, both in anterior and in posterior regions of the brain. At

the sub-cortical level, the SC (Stein & Meredith, 1993), the pulvinar and the amygdala

are heteromodal sites of audio-visual convergence. At the cortical level, the temporal

(middle temporal gyrus and STS), parietal (intraparietal sulcus, parieto-occipital cortex)

and frontal (premotor, prefrontal and anterior cingulate) cortices have been shown to

contain sites of audio-visual integration (see Damasio, 1989; Mesulam, 1998). These

heteromodal zones contain neurons that are responsive to stimulation in more than one

modality (Desimone & Gross, 1979) and this would provide the neural substrate for the

integration of different sensory inputs. The main property of these neurons is that they

respond maximally to inputs from several modalities. For audio-visual integration, we

have already seen that the properties of these bimodal neurons have been mainly

described in many neurophysiological studies in cats for the SC (Stein & Meredith,

1993).

Activation of modality-specific cortex by multimodal events

A second possibility that has been recently envisaged is the activation of modality-

specific cortices during multi-sensory processing resulting from a feedback mechanism

from multi modal areas to unimodal areas.

In several brain-imaging studies aimed at exploring the neuro-anatornical

implementation of audio-visual integration (see Calvert, 2001 for a recent review) the

activation of anatomical convergence regions has sometimes been accompanied by the

activation of cortical regions that are known to be modality-specific. It has been found

with fMRJ for the primary auditory cortex during audio-visual speech (see Calvert,

Brammer, Bullmore, Campbell, Iversen, & David, 1999), in the absence of known

direct connections between the auditory and visual cortices (Mesulam, 1998). These

results are consistent with a previous fMRI study (Calvert, Bullmore, Brammer,

Campbell, Williams, McGuire, Woodruff, Iversen, & David, 1997) in which it has been

shown that visual speech (lip-reading) was capable of activating areas of auditory cortex

previously assumed to be dedicated to processing sound-based signals.

Likewise, in a previous fMRl study focussed on visuo-tactile perception,

Macaluso and collaborators (2000a, 2000b) have shown that an early visual region (the

lingual gyrus) was activated by congruent visuo-tactile stimuli although there is no

direct tactile projections to this visual regions. This phenomenon reported previously

has tentatively be explained as a downstream consequence in modality-specific cortex
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of multimodal integration (see Calvert, et al., 2000; de Gelder, 2000; Driver & Spence,

2000; Dolan et al., 2001).

Interestingly, such feedback or top down modulations could actually be the

neural correlate of the well-known cross-modal bias effects typically observed in

behavioural studies of audio-visual perception (Bertelson, 1999). But some of these

effects might in part depend on attention to the task-related modality. Modulation by

attentional demands does not imply that attention is itself the basis of inter-sensory

integration (Bertelson, Vroomen, de Gelder, & Driver, 2000; Vroomen, Bertelson, & de

Gelder, 200 I; McDonald, Teder-Salejarvi, & Ward, 200 I for a discussion).

Neuronal synchrony

A third possibility does not postulate the existence of anatomical convergence sites to

yield audio-visual integration. Convergence towards a site of sensory input from

different modalities is not an absolute prerequisite for the type of audio-visual

perception we are dealing with (see Damasio, 1989 for a discussion). Indeed, perceptual

integration could occur via a synchronisation in time of different non-overlapping brain

regions at a given frequency band, such as found previously for the integration of

different features within the visual modality (Singer & Gray, 1995; von der Malsburg,

1995) at high frequency ranges (45-70 Hz). This hypothesis states that synchronisation

of neural discharges can serve for the integration of distributed neurons into cell

assemblies and that this process may underlie the selection of perceptually and

behaviourally relevant information (see Engel, Fries, Konig, Brecht, & Singer, 1999 for

a recent overview). There is unfortunately no neurophysiological study available yet

(either in man using EEG/MEG recordings and frequency analyses of the signal or in

animal using multiple-cell recordings) that has directly tested the hypothesis of a

synchronisation between the visual and auditory cortices during the processing of audio-

visual trials.

1.3 The case of multi-sensory perception of affect (MPA)

Within the broad field of multi-sensory research, MPA is a new area. Therefore, many

of the questions on integration and its constraints that have surfaced in multi-sensory

research must be raised concerning MPA. In this section we review studies that were

available in the literature at the time our research started.
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1.3.1 MPA: definitions, methodology and possible functions

We all experience every day the richness of emotion and at the same time we also do

that rapidly and effortlessly. In animal research, emotions are defined as states produced

by instrumental reinforcing stimuli (see Rolls, 1999; and earlier work by Weiskrantz,

1968). In Cognitive and affective Neuroscience, definitions of emotion are usually more

sophisticated than this definition of emotions proposed in Behavioural Neuroscience

(see Clore & Ortony, 1999). In this new field of research, emotion is not a unitary

construct but a multidimensional one. Emotion includes (I) physiological changes

(including autonomic change), (2) overt behaviour ranging from facial expression to

laughter to physical aggression, (3) an internal state which is referred to as affect, and

(4) cognitive behaviour which includes thoughts, perceptions, attitudes, and so on (see

Kolb & Taylor, 1999). The basic assumption in Cognitive and Affective Neuroscience

is that dissociable neural circuits control these different emotionally relevant

behaviours. In this thesis, we have adopted this assumption and we have chosen to focus

on cognitive behaviour.

The perception of affect appears as a complex ability that requires the ability to

rapidly detect specific cues that are usually provided in more than one sensory modality.

After this early stage of sensory extraction, these multiple cues are unified into a

coherent and rich multi-sensory percept (Mesulam, 1998). We will restrict our

investigations to the auditory and visual modalities and exclusively explore audio-visual

interactions although it is well established that emotions are also perceived using more

sensory channels (e.g., such as the chemosensory modalities, gestures, gait) than the

information available through audio-visual perception only. For instance, some studies

have explored with brain imaging techniques some of the mechanisms involved in

processing somatosensory stimuli, which feel pleasant (Francis, Rolls, Bowtell,

McGlone, O'Doherty, Browning, Clare, & Smith, 1999). But MPA is a cognitive skill

that is largely driven by the ability to process stimuli that are audio-visual in nature (de

Gelder, 1999).

MPA may have some commonalties with other kinds of audio-visual processes

of space (Bertelson, 1999 for a review) or language (Kavanagh & Mattingly, 1972;

Massaro, 1987, 1998). We therefore test whether the audio-visual perception of emotion

is indeed rapid and automatic. Our research purpose is to explore to which extent the

robust effects related to audio-visual processing are also found when the informational

content to integrate has affective meaning.
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Correlation vs. Integration

In emotion perception, the dominant research trend has been so far to search for

correlation or association (vs. dissociation) between the visual and the auditory

modality (see for example Van Lancker & Canter, 1982; Campbell, Landis, & Regard,

1986; Van Lancker, 1997; Borod, Pick, Hall, Sliwinski, Madigan, Obler, WeIkowitz,

Canino, Erhan, Goral, Morrison, & Tabert, 2000). Likewise, some studies have tried to

assess the relative importance of the information from the auditory and visual channels

(Mehrabian & Ferris, 1967; Hess, Kappas, & Scherer, 1988). These results have

suggested that the face was more important than the voice information for judging a

portrayed emotion.

However, it is worth pointing out that this issue of on-line integration of emotion

can not be answered by juxtaposing results obtained in studies that have looked at visual

and auditory emotion perception separately. In this latter case, the hypothesis of an

amodal emotion processor with supramodal representations is tested indirectly using

correlation between different sensory modalities (Borod et aI., 2000). This amodal

emotion processor might mediate inter-sensory correspondences across different

sensory systems in a top down fashion. But this issue is quite different form that of

inter-sensory integration as a perceptual phenomenon (Bertelson, 1999). The goal of our

research is to address the question of MPA. Before mentioning the possible functions of

MPA, we briefly present the general methodology used to demonstrate the existence of

interactions between the auditory and visual channels during the perception of

emotions.

Methodology used to study MPA

Presumably, in normal situations sensory integration serves as an adaptive mechanism,

which reduces the effects of noise, spontaneous drifts, injuries or growth on the

accuracy of individual modalities (de Gelder, 1999, 2000). But in the absence of any

limitations, multi-sensory perception would be rather inefficient to deal with these

variations. In this thesis, our primary goal is to explore and describe these possible

limitations and to explore the constraints applied during MPA. To achieve this purpose,

we have designed a series of empirical studies that all use a comparable experimental

situation known in the literature as the cross-modal paradigm (see Bertelson, 1999 for a

recent review of the different experimental situations when studying audio-visual

interactions).
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This paradigm is part of a class of experimental methods used to indirectly

measure the impact of one sensory modality onto the other. After-effects (see Held,

1965 for after-effects following prismatic adaptation to inter-modal discrepancy), inter-

sensory fusion and staircase method for stimulus presentation (see Bertelson &

Aschersleben, 1998 for the staircase method in ventriloquism) are other possible

indirect methods.

The paradigm of cross-modal bias is familiar from older studies on inter-modal

discrepancy following prismatic adaptation (Hay et al., 1965), on audio-visual space

perception (Bermant & WeIch, J 976) and has been used in audio-visual speech studies

(Driver, 1996; Massaro, J 987, 1998) and in cross-modal attention studies (see Driver &

Spence, J 998). In this paradigm, the impact of one modality on the other is assessed

using a strict methodology that requires a narrowing of the subject's attentional

resources during stimulus processing to one modality and the automatic cross-modal

bias effect from the unattended modality to the attended modality is then measured. The

impact of one modality on the other is therefore measured indirectly. This procedure

offers a double methodological advantage. Firstly, it has been shown to be more

sensitive than direct methods and secondly, it allows to manipulate the level of

congruence between modalities (de Gelder et al., 2000; Bertelson, 1999). For our

research purpose, we have adopted this strategy and have constructed in the laboratory

artificial conditions in which the level of congruence between the two sensory

modalities was systematically manipulated. We have then tried to quantify the cross-

modal impact from one modality to the other during the perception of emotion in

normal observers as well patients with brain damage.

Possible functions of MPA

The fact that emotional information concurrently presented in different sensory

modalities is integrated is likely to occur for reasons that go far beyond the simple back-

up function allowing the system to overcome a given sensory loss and to rely on the

spared redundant modality to continue to operate. At least three arguments can be

evoked to support the functionality of MPA.

A first argument for functionality comes from several developmental studies

(see Lewkowicz, 2000 for a recent review) that have clearly shown that very young

infants look longer at faces accompanied by a voice (Haith, Bergman, & Moore, 1977).

Five to seven-month-old infants also look longer at a face that carried the same
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expression as the voice than at a face carrying a different expression (Walker &

Grolnick, 1983). These results suggest that the recognition of affective expressions is

first multi modal before a differentiation occurs between the face and the voice (Walker-

Andrews, 1997). There is an ontogenetic priority in favour of multi-sensory perception.

Furthermore these results suggest a possible modular organisation for audio-visual

perception of emotion which is not consistent with a simple back-up function.

The second argument is that each sense (here the visual and the auditory

channel) provides a qualitatively distinct subjective impression of the environment.

Although referring to the same event (for instance a fearful affective state), the emotion

conveyed by ear and by eye is not simply redundant but both senses complement each

other given the specificity of each sense. This argument is therefore about the sensory

specificity and complementarity of MPA.

A third argument for the importance of the function of MPA is the optimisation.

MPA consists of enhancing detection and discrimination of emotions as well as speed

responsiveness to these highly relevant biological stimuli. The fact that the perception

of emotion is audio-visual allows the perceptual system to disambiguate the emotional

input using a stable amodal representation. There are important individual differences

between human subjects in the ability to express and perceive different emotions (inter-

individual variance). Humans have numerous ways to express and perceive the same

emotion. As a consequence, the combination of different channels of communication

will probably act as an "optimiser" to rapidly perceive and efficiently recognise a given

emotion. From an evolutionary point of view (Damasio, 1994), integration of affective

inputs across sensory modalities makes adaptive sense, given the biological significance

of emotional stimuli. It also makes sense given the fact that combining different sources

of information (as in the face and voice) should usually lead to more accurate

judgements and more appropriate behaviour. We believe that this compensatory

function is also found in cross-modal localisation mechanisms such as found with the

ventriloquist effect (Bertelson, 1999).

1.3.2 Multiple sensory channels in emotion perception

The perception and recognition of emotion in human subjects involve the parallel

extraction of visual and auditory cues that provide information about the emotional

state. These cues are conveyed through different channels used to communicate

affective information. In the visual modality, affective information is usually
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communicated through the face channel. With this channel, emotions are perceived

through a visual analysis of the face-configuration. In the auditory modality, there are

two distinct channels to deal with. The first one is the prosodic channel. Emotions can

be perceived via a perceptive analysis of the message based on specific acoustic features

such as the pitch, duration or intensity. The second channel available in the auditory

modality is the lexical channel. With this channel, the perception of emotion is achieved

by decoding the affective meaning of the spoken words.

The primary goal in this thesis is to explore the possible interactions between the

face and prosodic channel. Both are qualified as sensory channels in the sense that both

are conveying information that is mainly processed by early sensory systems. By

comparison, the lexical channel is not a purely sensory channel since the information

conveyed in this channel must be processed in higher cognitive systems in order to be

accessible. The affective information available in the lexical channel requires some

lexico-semantic mediation, which is not a pre-requisite for the face or prosodic channel.

And this elaborate information is also susceptible to be combined with that available

from the face channel.

Theface channel

The role of the face channel is best documented and well established since the work of

Ekman and collaborators (Ekman, 1992). Human subjects share the ability with most

other organisms to easily change the configuration of different groups of facial muscles

in order to express and communicate in the visual modality several emotions like fear,

anger, happiness, sadness, disgust or surprise (Ekman & Friesen, 1976; Ekman, 1992).

There are numerous discussions on social or cultural factors determining the scope of

the emotion repertoire or affecting the ease of recognition of certain emotions in

specific populations but our approach is neutral with respect to these issues.

On the other hand, there is still some uncertainty about the perceptual processes

underlying the recognition of facial expressions (de Gelder & Vroomen, 2000a). For

instance, unlike personal identity where the role of configural processes is well-

documented (Tanaka & Farah, 1993), it is not firmly established yet with facial

expression recognition whether each face part (mouth and eyes) play an independent

role or if it is the whole face/the configuration that matters. With personal identity,

plane-orientation of the face has been considered as a critical variable to manipulate the

configural process (Yin, 1969). Two studies (McKelvie, 1995; de Gelder, Teunisse, &
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Benson, 1997) have directly compared the recognition of facial expressions from

upright vs. inverted faces. In both cases, they obtained evidence for loss of recognition

in the inverted condition for some but not for all expressions. More precisely,

categorical perception of emotion disappeared with face inversion in two continua

(happy-sad and angry-fearful) but was still observed for the angry-sad continuum (de

Gelder et aI., 1997). These results indicate that in some cases at least, affect-relevant

information would be carried by the whole facial configuration and consequently lost

with inverted presentation. In most of the experiments reported in this thesis, we have

manipulated the face channel and we have tried to assess its impact on the prosodic

channel and vice versa.

The face channel is not the only visual channel used to perceive emotions. For

some experiments, we have also used non-facial visual stimuli with an emotional

content like for example the picture of a snake or a spider. In these cases, we have

compared the impact of facial expressions vs. emotional pictures on the concurrent

auditory processing.

The lexical channel

Emotions are also expressed in language and a wide range of emotional words or

sentences exist. The utterances /angry/, /scary/, or !beautiful/ are instances of emotional

words that are communicated through the lexical channel. The lexical channel is

therefore often assimilated to emotional conceptual knowledge (Bowers, Bauer, &

Heilman, 1993). In this thesis, we have sometimes manipulated this channel of

communication together with the face channel.

The prosodic channel

A third means to communicate emotion in humans is given by the voice or by the

possibility to modify features such as the pitch, duration, or loudness when articulating

and producing a message (Cummings & Clemments, 1995; Liberman & Michaels,

1962; Williams & Stevens, 1972; Scherer, 1989). The contribution of variations in these

parameters has been measured in natural or simulated affective speech. Many prosodic

features contribute to the expression of emotion and it is evident that the acoustic

correlates are subject to large individual differences (Lieberman & Michaels, 1962).

Despite the large inter-speaker variability, there is some general consensus that if

prosodic features are ranked in terms of their contribution, gross change in pitch do
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contribute most to the transmission of emotions, duration is intermediate whereas

loudness seems to be least important (Frick, 1985; Murray & Arnot, 1993).

The manipulation of affective speech prosody can be done independently of the

content conveyed in the message and this is why the prosodic channel can be considered

to be a separate channel. Like the visual and lexical channel, distinct categories of

emotions can be produced within the prosodic channel and therefore humans can use

multiple affective tones of voice. In this thesis, we have manipulated the prosodic

channel of communication together with the face channel. The prosodic channel has

also been manipulated independently of the lexical channel. In our experiments, we

have been using spoken words with a neutral meaning but pronounced with an affective

tone of voice.

Two possible audio-visual pairings

The three channels mentioned above provide two different audio-visual pairings. In

theory, tbe existence of two different channels of communication within the auditory

modality yields two qualitatively different audio-visual pairings between the auditory

and the face channel. Perception of affective prosody from the auditory message makes

possible one kind of pairing with the facial expression. The lexical information

combined with the same facial expression presents another audio-visual pairing. One

can conjecture that tbe pairing of a face with an affective tone of voice might be

different from that of the same face with an emotional spoken word. This hypothesis has

been directly tested in the present thesis. Although each channel represents a

qualitatively distinct mode of expression, the underlying hypothesis is that all channels

could be combined together (Massaro & Egan, 1996) since the ability to combine

multiple information sources in a single perception is undoubtedly advantageous for an

organism. Furthermore, the general idea is that this integration across different sensory

modalities is achieved via the activation of mental representations that are characterised

as amodal or supramodal (Farah et aI., 1989) and this would be true for emotion

perception as well (Borod, Cicero, Obler, Welkowitz, Erhan, Snatschi, Grunwald,

Agosti, & Whalen, 1998; Borod et aI., 2000). But this view is not unique and co-exists

with other theoretical frameworks.
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1.3.3 General presentation of previous behavioural experiments

Cross-modal effect from the voice to the face

Laboratory studies of MPA started with the use of behavioural methods (de Gelder,

Vroomen, & Teunisse, 1995; de Gelder & Vroomen, 2000a; de Gelder, 1999, 2000;

Massaro & Egan, 1996). They used an experimental situation in which varying degrees

of incongruence were created between facial expression and tone of voice. Two

emotions (happy and sad) in the voice were manipulated and expressed using the same

neutral sentence produced by a semi-professional actor. Using a morphing procedure

(see Etcoff & Magee, 1992; Beale & Keil, 1995), a visual continuum with 11 steps

starting from one emotion at one extreme (happy) and going to another emotion (sad) at

the other extreme was created. In the two first experiments, they combined the II faces

with three auditory conditions (happy voice, sad voice and no voice). The task of the

subject was to judge the emotion (Experiment 1) or to judge the facial expression

ignoring the voice (Experiment 2).

Results indicated that the identification of the emotion in the face was biased in

the direction of the simultaneously presented tone of voice. This effect consisted in the

fact that the likelihood to give a sad response was significantly increased if the voice

was sad whereas this likelihood to judge as sad the same face but combined with a

happy auditory message was significantly reduced. Moreover, results also showed that

congruent bimodal stimulus pairs were faster than incongruent stimulus pairs or single-

modality stimuli.

Cross-modal effect from the face to the voice

A paralJel question is whether this cross-modal bias effect would also be obtained from

the face to the voice. We do not know a priori whether audio-visual perception of

emotion is bi-directional and symmetric (from the voice to the face and vice versa) or if

there is a preferred direction (for instance from the voice to the face).

In a third experiment (Experiment 3), the authors directly addressed this

question and created a situation where the cross-modal impact from the face to the voice

during the perception of emotion could be assessed. They created a symmetric

experiment to Experiment 2 in which a 7-steps voice continuum between two extreme

emotions (fear and happy) was created. Like for the visual continuum used in
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Experiments 1-2 and created by manipulating in a parametric fashion the pbysical

distances between several features of the face, the auditory continuum was created using

a computer-assisted auditory morphing procedure developed in the laboratory. This

sophisticated procedure essentially works out on a modelling and a subsequent

manipulation of the fundamental frequency (FO) of the two auditory fragments to morph

(for further acoustic details, see Vroomen, Collier, & Mozziconacci, 1993). Changing

simultaneously the duration, pitch range, and pitch register of the utterances created the

continuum. These 7 voice fragments were then combined with two facial expressions to

yield 14 stimulus pairs with varying levels of incongruence. In this experiment, subjects

were instructed to judge the voice, ignoring the face. The inverse effect, a bias of voice

tone identification by facial expression, was obtained for both dependent variables.

1.3.4 Properties of MPA

We have seen in the different experiments of de Gelder and Vroomen (2000a) that

audio-visual integration of emotion reflects processes which are truly perceptual in the

sense of mandatory, cognitively not penetrable (Pylyshyn, 1980, 1999) and automatic,

as opposed to post-perceptual or influenced by perceptual bias, subjective beliefs and

decisions (Radeau, 1992, 1994; Bertelson & Aschersleben, 1998; Bertelson, 1999).

Moreover, we have also argued that this process was independent from demands on

attentional capacity, a property that has long been one of the defining characteristics of

'automatic' processes (Shiffrin & Schneider, 1977). This is consistent with the notion

that the integration between a face and a voice is occurring at a pre-attentive level. It

can take place at a stage of processing before attention comes into play (see also

Vroomen & de Gelder, 2000; Driver, 1996). Cross-modal interactions do not require

attentional resources in order to proceed (Kahneman, 1973).

These strictly perceptual properties may appear unlikely given the fact that

recognition of emotion counts as a particularly content-rich process, and seems more

akin to higher cognition than to perception. As such perception of emotions should

make a poor candidate for qualifying as a case of perception-based audio-visual

integration. Yet there is a wealth of recent empirical data supporting the notion that

recognition of emotion is a perceptual process or at least has a hard perceptual core

(Ledoux, 1996). for example we know that in the visual modality recognition of

emotional stimuli proceeds in the absence of awareness (e.g., Whalen, Rauch, Etcoff,

McInerney, Lee, & Jenike, 1998; Dimberg, Thunberg, & Elmehed, 2000) or even more
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radically In the absence of primary visual cortex (de Gelder, Vroomen, Pourtois,

Weiskrantz, 1999; de Gelder, Pourtois, van Raamsdonk, Vroomen , & Weiskrantz,

2001).

Affective content specificity of the effect

Although convincing, the psychometric shape obtained for the results of these three

experiments (de Gelder & Vroomen, 2000a) is also compatible with other explanations

of the cross-modal bias effect that do not postulate any access to the emotional content

of the face or voice in order to trigger the effect. In other words, the cross-modal bias

effect from the face to the voice (Experiment 3, de Gelder & Vroomen, 2000a) would

not be specific to the affective content of the face but would be obtained with other

visual stimuli that have affective content.

An important demonstration to make was to show that for the cross-modal bias

from the face to the voice, the processing of the affective information from the face was

crucial. This hypothesis has been confirmed in a different study (de Gelder, Vroomen,

& Bertelson, 1998) in which face orientation has been manipulated. The presentation of

upright vs. inverted faces is an experimental manipulation known to affect the

recognition of personal identity (Yin, 1969; Valentine, 1988) as well as that of facial

expression (McKelvie, 1995; de Gelder et al., 1997). They tested whether the cross-

modal bias effect from the face to the voice (as measured in Experiment 3 of de Gelder

& Vroomen, 2000a) would survive face inversion or not. If not, these data would add

support to the notion that the cross-modal affective bias is an automatic and perceptual

phenomenon which cannot be reduced to some post-perceptual voluntary adjustments

(de Gelder et a\., 1998a).

Results showed that face inversion disrupted the cross-modal bias effect from

the face to the voice, as revealed by a significant Facial Expression x Orientation

interaction. When subjects were asked to judge the tone of voice and were

simultaneously presented upside-down faces, a bias from the face disappeared. This

result suggests that the cross-modal bias effect from the face to the voice is a function of

the expression conveyed in the face.

MPA: automatic effect?

The presumed automatic character of cross-modal affect perception parallels the

automaticity found with cross-modal interactions observed in audio-visual speech
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perception and in the ventriloquist-effect. The ventriloquist-effect refers to the fact that

light and flash presented with a spatial discordance tend to be localised closer together if

they are presented in relative temporal synchrony. The distance between spatially

disparate auditory and visual stimuli is underestimated with temporally coincident

presentation (Radeau & Bertelson, 1987). This effect is denoting a visual capture of

auditory localisation. Participants are usually instructed to localise sounds while

ignoring spatially discordant lights. The ventriloquist effect is independent of whether

the participant focuses attention on the distracter light or not (endogenous attention;

Bertelson et aI., 2000). This effect is also independent from where automatic visual

attention, as captured by a unique element in a visual display, is directed (exogenous

attention; Vroomen et aI., 2001).

However, the parallelism stops there and like what has been done with the

ventriloquist effect, the exact role of attention in MPA must be assessed. This empirical

question has already been addressed (Vroomen, Driver, & de Gelder, 2001) and we will

see that the outcome is very similar to what has been found for the multi-sensory

perception of space.

The role of attention in cross-modal perception of emotion

The fact that this cross-modal influence was observed even when subjects were

instructed to ignore one of the two modalities seems to indicate that cross-modal

integration of affective information takes place automatically, regardless of attentional

factors. But even if the instructions were to ignore one modality, it may be that this

modality is hard to ignore. In Experiment 3, the task-irrelevant face on judgements of

heard emotion might therefore have been unusually hard to ignore, due to the low-load

nature of the situation (the face was the only visual stimulus present; and the only task

requirement was judgement of the voice). Research on attention has shown that

irrelevant visual stimuli may be particularly hard to ignore under low-load' conditions

in the prescribed task, yet can be successfully ignored under higher-load conditions,

where the specified task consumes more attentional capacity (e.g., Lavie, 1995,2000).

This issue was directly addressed in a recent study (Vroomen, et aI., 200 I)

showing that the cross-modal bias from the face to the voice was not reduced by either a

secondary auditory or visual task however attention demanding this secondary task was

made to be. They used a dual-task paradigm asking their subjects either to add two

digits presented visually together while judging the emotion from the voice or detecting
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zeroes in a rapidly presented sequence of digits presented visually while performing the

same task. Moreover, in a third condition, they also present a secondary auditory task

consisting of deciding whether a tone was high or low while judging the emotion from

the voice.

In all three cases, the cross-modal effect was independent of whether or not

subjects performed a demanding additional task. In all these experiments, the visible

static face had an impact on judgements of the heard voice emotion. The influence of

the seen facial expression on judgements of the emotional tone of a heard voice is not

eliminated under conditions of higher attentional load. Cross-modal integration of

affective information is a truly automatic process since it arises regardless of the

demands of any additional task.

1.3.5 Neuro-anatomical correlates ofMPA

As remarked above, from an ecological point of view automatic integration of affective

inputs across sensory modalities makes adaptive sense, given the biological significance

of emotional stimuli. However, one should be cautious interpreting a cross-modal bias

as a true cross-modal integration effect. An alternative possibility is that the visual and

auditory information were not integrated, but were processed in parallel and

independently of each other. It may be that on some trials participants rely on the non-

target source of information, for instance when they are less sure about the information

in the target modality. Such a 'response bias' (rather than a changed perception) might

predict the same psychometric pattern as was obtained in the Gelder and Vroomen's

study (2000a).

One way to rule out this possibility it to track the accurate time-course of audio-

visual integration using the high temporal resolution of EEG recordings and to explore

whether audio-visual integration takes place at early stages or at post-perceptual stages.

Early time-course offace-voice integration

Only a few studies have directly investigated the time-course of face-voice integration

of emotions using the high temporal resolution of EEG recordings. In a study in which

facial expressions were presented concurrently with sentence fragments, de Gelder and

collaborators (I999a) reported that face-voice pairs elicited an extra negative

component around 170 ms post stimulus that was compatible with the
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electrophysiological parameters (e.g., latency and topography) of the mismatch

negativity (MMN) known to only occur in the auditory domain (Nataanen, 1992).

In another study (Surakka, Tenhunen-Eskelinen, Hietanen, & Sams, 1998), the

pitch MMN was influenced by the simultaneous presentation of positive non-facial

stimuli combined with pure tones. These studies have shown that the amplitude of early

auditory processing as indexed by the MMN could be modulated by the simultaneous

presentation of a concurrent visual stimulus. These studies have confirmed the early

time-course of MPA.

MPA and anatomical convergence

The first brain-imaging study using fMRI that directly addressed the affective

integration question methods suggested that a mechanism for such cross-modal binding

in the case of fearful face-voice pairs could be found in the amygdala (Dolan et aI.,

2001). When fearful faces were accompanied by verbal messages spoken in a fearful

tone of voice an increase in activation was observed in the amygdala and the fusiform

gyrus. This result provides evidence for integration of face and voice expressions, and

confirming the role of the amygdala in this process (Murray & Mishkin, 1985; Nahm,

Tranel, Damasio, & Damasio, 1993; Murray & Gaffan, 1994; Goulet & Murray, 2001).

Unlike suggested in the previous behavioural studies (de Gelder & Vroomen, 2000a),

no such advantage was observed for happy pairs.

In this' study, congruent pairs were compared with incongruent pairs but

unimodal conditions (face only and voice only trials) were not presented. The absence

of unimodal conditions means that one cannot look in these data for a supra-additivity

response enhancement in the amygdala or fusiform gyrus. In this thesis using PET (see

Chapter 8), we have tried to complement this first fMRI study and used unimodal

conditions besides audio-visual conditions of emotion perception.

1.3.6 FLMP and MPA

In this thesis, we have not tried to accommodate our results within the FLMP since this

computational model is unfortunately too descriptive. The theoretical relevance of the

FLMP (and its underlying computational principles) to account for MPA has been

questioned (see Vroomen & de Gelder, 2000; but also Massaro, 1999, 2000). Massaro

and Cohen (2000) have argued that the data of de Gelder and Vroomen (2000a) fit very

well the FLMP. However de Gelder and Vroomen (2000b) have argued that this model
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is probably too strong and that is does not allow one to decide among different

theoretical frameworks (de Gelder & Vroomen, 2000b). Our primary goal is to uncover

the constraints applied to the cognitive system during the audio-visual perception of

emotion.

One of the main predictions of this model is to postulate that given the

multiplicative function, the influence of one modality to the other will be larger if the

latter modality is ambiguous or neutral than ifit is not. This prediction is consistent with

the notion that audio-visual perception is acting as a compensatory mechanism. In their

study on audio-visual perception of emotion (Massaro & Egan, 1996) this strong

prediction was met and these authors have shown that the impact of the voice onto the

face was larger when the synthetic face was neutral than when it was conveying a c1ear-

cut expression.

However in a relevant study, de Gelder and collaborators (1998b) have observed

that the impact of an emotional voice onto a hemi-facial expression was the same

whatever the part of the hemi-face to judge (either the upper part containing the eyes or

the lower part containing the mouth). These results did not fit well with the prediction

of Massaro (1987, 1998) since in this case the lower part (which is less informative in

terms of emotional expression and therefore more ambiguous) should have been more

influenced by the concurrent voice than the upper part. This counter-example suggests

that the compensation from one modality onto the other during the perception of

emotion is probably not absolute and could be actually quantitatively limited (de Gelder

et al., I998b). This conclusion was also reinforced by the results obtained in the

different behavioural experiments of de Gelder and Vroomen (2000a). In these

experiments, when the emotion to judge was ambiguous (such as found for intermediate

positions on the continuum), the impact of the concurrent modality (whatever the

direction of the cross-modal bias effect) was not larger than when judgements were

made for extreme positions of the continuum more informative in terms of emotional

expression.

1.3.7 MPA: a test/or the modularity of the visual channel?

The issue 0/ domain specificity

A recurrent question in Cognitive Psychology (and Cognitive Neuroscience) is about

domain specificity of the perceptual system. The issue of domain specificity is also
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relevant in the field of multi-sensory research. Traditionally domain specificity is the

entry-door to test for modularity (Fodor, 1983; Coltheart, 1999) and several authors

have envisaged audio-visual speech perception as a module (Radeau, 1994). But here,

domain specificity of audio-visual perception actually goes beyond that envisaged by

Fodor in the framework of modularity (Fodor, 1983) and that suggests that the input

module only need to respond to one specific class of stimulus. The problem is rather to

know whether the functional properties that govern the organisation of one audio-visual

domain are indeed completely shared by other domains or if some specificity does exist

for instance within the domain of emotion perception as contrasted to space or speech

perception. For example, it is not clear yet whether the neuro-anatomical

implementation is the same across the different domains of audio-visual perception

(space, language and emotion). There is some behavioural evidence suggesting that

audio-visual speech can be dissociated from ventriloquism if spatial and temporal

constraints are taken into account (Bertelson et aI., 1994). But the situation is more

obscure for MPA. To address this issue, we have been looking in this thesis at the

domain of MPA per se but also when possible at the contrast between MPA and multi-

sensory perception of other classes of stimuli.

Modality-penetrability

We have seen that the integration of a voice with a face was mandatory (subjects can

not prevent the process), perceptual (perceptual variables modulate the effect) and

automatic (in the sense that it is pre-attentive). Some of these properties are consistent

with the notion that audio-visual integration of emotions could be modular (Fodor,

1983), such a proposed for the audio-visual integration of speech (Radeau, 1994). The

cross-modal bias effect has been shown to be bi-directional, from the face to the voice

and vice versa.

The impact from the voice to the face suggests that the representation of a face is

partly penetrable by another modality. The cross-modal bias effect from the voice to the

face obtained in these circumstances (de Gelder & Vroomen, 2000a) appears therefore

particularly relevant given the controversy in the literature about face recognition and

the mental representations sub-serving this ability. A large body of empirical evidence

obtained with many different techniques (going on from behavioural methods to

functional brain-imaging) indicates that face perception is carried out by a specialised

processing module (see Kanwisher, 2000; de Gelder & Rouw, 2001 for a recent review
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of these data). Domain-specific mechanisms would be involved in processing faces and

facial expressions in particular.

The fact that the recognition of fear from the face is automatic (Ohman, Flykt, &

Lundquist, 1999), hardwired (see Sergent, Ohta, MacDonald, & Zuck, 1994; Damasio,

Tranel, & Damasio, 1998; Morris, Ohman, & Dolan, 1999) and rapidly manifested after

birth (see Nelson, Morse, & Leavitt, 1979; Neslon & Dolgin, 1985) suggest that the

recognition of some facial expressions like fear might be partly specialised or modular

(see Ohman & Mineka, 2001 for a recent review). Following the fodorian proposal it

implies that the penetrability to this sensory system (the visual perception of fearful

faces) would be limited and that this system would be implemented as an input module

(Fodor, 1983). On the other hand Fodor himself (1983, pp. 47) suggested that there

might be highly specialised computational mechanisms that would exist across the

traditional modes, such as found with the McGurk effect.

However, within this framework the fact that the face recognition system (and

facial expression recognition) is already modular (Kanwisher, 2000) is not entirely

consistent with the fact that this system would also at the same time be penetrable by

another modality. ]f face recognition is indeed modular, this process should be

autonomous and informationally encapsulated. The penetrability of an input module by

another modality is therefore an interesting situation to explore the exact nature of the

mental representation manipulated in that input module. The results of de Gelder and

Vroomen (Experiments 1-2, 2000a) clearly indicate that the autonomy and the

encapsulation of facial expression perception is limited. Thus, the cross-modal bias

effect during emotion perception might be seen in the context of modularity as a

suitable experimental paradigm to explore to which extent the mental computations sub-

serving facial expressions recognition are indeed flexible vs. fixed.

1.4 Research questions

1.4. J General Method

Different measures o/MPA

We have addressed four distinct research questions each aimed at exploring the

cognitive mechanisms responsible of MPA. Each research question is dealt with in a

separate section and has been addressed using a specific methodology. Different
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methods available today in Cognitive Neuroscience have been used: behavioural

measures in normal subjects (Part I), the recording of ERPs (Part II), single-case studies

of brain-damaged patients (Part III) and functional brain imaging as well as TMS (Part

IV). The main advantage of this approach is to explore the same process using different

metrics having different sensitivities and complementing each other. This is the strength

of Cognitive Neuroscience. Our approach has been to study MPA looking at its

behavioural manifestations in normal observers (Part I), its time-course (Part II), its

behavioural and electro-physiological manifestations in brain-lesioned patients (Part III)

and its neural bases (Part IV). However, we are also aware of the danger of our

approach that might lead to some discrepancy between results obtained with different

methods because of the intrinsic variability induced by different metrics.

Outline of the thesis

In the first part (Part I, Chapter 2), we have used behavioural measures in normal

subjects to define the limits of MPA.

In the second part (Part II, Chapters 3-5), we used high-density EEG recordings

III normal subjects to track the exact time-course of face-voice integration. Three

experiments/chapters are presented. In the first experiment (Chapter 3), we used a

classical oddball paradigm and looked at early amplitude effects during multi-sensory

perception of emotion. In the second (Chapter 4), we used the same technique but a

different paradigm to look whether face-voice integration would also be translated at the

level of the scalp by latency effects when congruence between face and voice was

manipulated. In the third experiment (Chapter 5), we have directly compared in the

EEG the impact of affective prosody on facial expression vs. the impact of affective

word meaning on the same visual process.

In the third part (Part JIl, Chapters 6-7), we have presented the detailed

neuropsychological studies of brain-lesioned patients. Our first goal was to test in a

Prosopagnosic patient using behavioural methods to which extent audio-visual

integration of emotion could be still observed despite a strong impairment for the

recognition of facial expressions (Chapter 6). Based on our previous EEG results, we

have also studied two hemianopic patients (Chapter 7) using electrophysiological

measures to test if the cross-modal bias effect from the face to the voice could be still

obtained in a more radical experimental situation than Prosopagnosia. We tested

whether the cross-modal influence from the face to the voice could be observed in the
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absence of awareness of the visual stimulus.

In the last part (Part IV, Chapters 8-9), we have used PET to uncover brain

regions dedicated to MPA (Chapter 8). Finally, we have also used single-pulse TMS to

study the involvement of several cortical regions in multi-sensory processing (Chapter

9).

1.4.2 Four questions

Part 1- Selectivity offace-voice integration

In this introduction (Chapter 1), we have seen that face and voice information do

integrate and that this integration has been already characterised as perceptual,

automatic and mandatory. However, we do not know yet if face-voice integration is

specific or if it is also observed in other experimental situations that do not require

multi-sensory processing. In other words, we have also to uncover the constraints on

inputs to bimodal emotion perception by looking for negative evidence or for instances

where integration does not appear to obtain.

We have addressed the selectivity of MPA (Chapter 2) usmg behavioural

measures in normal subjects. Our goal was to study the cross-modal bias effect from the

voice to the face using single spoken words and to see if a RSE could be still obtained

in these conditions. To see whether this effect was selective to audio-visual perception,

we also used a condition in which the target face was concurrently presented with an

additional face or an emotion written name.

Part 11 - Time-course of face-voice integration

In order to track the time-course of face-voice integration, we have recorded ERPs in

normal subjects in three different experiments. We also explored its neural correlate

using source localisation models (Chapter 4). Our first objective was to trace the early

combination of affective tone of voice with information provided by the expression of

the face (Chapter 3). Subjects received concurrent voice and face stimulation, but the

face expression accompanying the voice sometimes carried an incongruent expression.

In a second study (Chapter 5), we also assessed whether a facial expressions

paired with an incongruent tone of voice would generate a delayed brain response at the

level of the scalp compared to congruent face-voice pairs. Different source localisation

models were also applied to uncover the possible neural generators of face-voice
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integration.

In a third EEG study (Chapter 6), we tested the specificity of the prosody effect

on facial expression. We contrasted the impact of affective prosody (Prosodic condition)

vs. word meaning (Semantic condition) on the concurrent processing of facial

expressions. To test for the presence of specific audio-visual responses in the EEG at

the level of the scalp, we compared ERPs to audio-visual trials (AV) from ERPs

obtained by adding electric brain responses for visual cum auditory stimuli trials (A+V).

Part Ill- Automaticity and awareness of the visual stimulus in face-voice integration

In the third part, we have addressed two distinct issues concerning MPA. The first

question we asked was to see to which extent the impact from the face to the voice

could still be obtained under conditions of reduced access to the meaning of the face.

These conditions are presented when methods from neuropsychology can be used with

patients suffering from acquired prosopagnosia (i.e., the inability to recognise familiar

faces). We have undertaken the detailed neuropsychological investigation of a brain-

damaged patient (AD) suffering from visual agnosia, including inability to recognise

facial expressions (Chapter 6). Patient AD is visual agnosic and has severe face

recognition problems due to large bilateral occipito-temporal damage (Bartolomeo,

Bachoud-Levi, de Gelder, Denes, Dalla Barba, Brugieres, & Degos, 1998; de Gelder et

aI., 2000; Peterson, de Gelder, Parcsak, Gerhardstein, & Bachoud-Levi, 2000).

Recognition of facial expressions was almost completely lost while recognition of

emotions in the voices was intact. This allowed us to look at spared covert recognition

of facial expressions as we could use a cross-modal bias paradigm with her. Our goal

was to test whether we could find clear evidence with this indirect testing method of a

covert recognition of facial expressions or not. We assessed whether her recognition of

emotions in the voice was systematically affected by the facial expression that

accompanied the voice fragment.

The second question we asked concerns stimulus awareness of the visual

constituent of the pair. We studied two hemianopic patients with some visual residual

abilities (a phenomenon called Blindsight, see Weiskrantz, 1986, 1997) who offer the

unique chance to study audio-visual integration under conditions of unawareness of the

visual stimulus (Chapter 7). They also offer a further opportunity to better understand

the neuro-anatomy of the process and the role of striate cortex in it. Phenomenologically

these patients present more or less the same picture, as do cases of visual agnosia since
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in the two cases there is no conscious recognition of the facial expression. In

hemioanopic patient GY we previously found behavioural and electrophysiological

evidence for a cross-modal bias of unseen facial expressions on processing of the

emotion in the voice (de Gelder, Vroomen, & Pourtois, 2001).

In this study, we looked at a possible interaction between awareness and type of

audio-visual pairing. For this purpose we defined two types of pairs based on the visual

component, one consisting of facial expression-voice pairs (natural pairings) and the

other of emotional scene-voice pairs (semantic pairings). Inter-sensory integration was

studied in two hemianopic patients with symmetric lesions of the primary visual cortex

(GY and DB) under conditions of conscious and non-conscious processing of the visual

component of an audio-visual stimulus pair by contrasting effects obtained in the intact

and the blind field. ERPs were measured in these two patients who were unable to

perceive visual stimuli consciously because of their unilateral striate cortex damage. We

explored the hypothesis that semantic pairings, unlike natural pairings might require

mediation by intact visual cortex and possibly by feedback to primary cortex from

higher cognitive processes (see Lamme, 2001 for anatomical consideration).

Part IV - Neuro-anatomical implementation efface-voice integration

In the fourth experimental part, we wondered if face-voice integration would be

implemented in heteromodal regions of the human brain. In the first study (Chapter 8),

we used PET to look at the possible brain areas involved in audio-visual perception of

expressions of fear and happiness. We compared activations to unimodal stimuli and to

bimodal pairs in order to find areas involved in audio-visual integration of emotions.

Our study asked (1) whether the perception of face-voice emotion pairs would yield

activation in brain regions known to be multimodal (like the middle temporal gyrus,

BA21; Damasio, 1989; Mesulam, 1998); (2) whether this activation would be specific

for each emotion pair; (3) and finally, whether activation in multimodal areas would

also be accompanied by increased activation in modality-specific cortices (like the

primary auditory cortex or primary visual cortex).

Another method available today in Cognitive Neuroscience to explore the

functional neuro-anatomy is given by TMS. This technique is a relatively old

neurophysiological tool that can be used in normal subjects to obtain information about

the neuro-anatomy as well as the time-course of a cortical brain region. We used single-

pulse TMS to explore the involvement of specific cortical regions in MPA (Chapter 9).
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Inter-sensory integration between content-rich stimuli like face or voice expressions

appear difficult to assimilate to a traditional way of thinking in which structural and

cognitive factors are opposed (Welch & Warren, 1980) and only the former matter.

Inter-sensory integration phenomena like speech or emotion appear to be subject to

content-based constraints but these are different from the higher order cognitive factors

like the perceiver's semantic knowledge or his familiarity with the situation.

At a more general level, it must be noted that the contrast between structural and

cognitive factors is no longer entirely adequate, given recent developments. Since the

late seventies, an important distinction has emerged in cognitive science between higher

cognitive factors in the traditional sense of higher order beliefs vs. perception-based

cognition (the distinction also referred to as wide vs. narrow or modular cognitive

content, Fodor, 1983; Pylyshyn, 1980). Perceptual content consists of information that

is not used by the subject in conscious decision in the post-perceptual stages.

Researchers have also referred to this kind of information as biological or natural. If, as

we assume, audio-visual emotion is a genuine perceptual process (de Gelder, 1999),

cognitive factors (in the sense of higher order cognition as this term was understood in

the seventies and eighties), should in principle have no impact on genuine perceptual

integration processes.

We addressed that issue in this single-pulse TMS study. Two types of stimulus

pairs were compared, one consisting of arbitrary paired stimuli and the other of natural

pairings. Before the TMS experiment subjects were trained on the two pairs in order to

guarantee that the same level of performance obtained for both. Our question was

whether TMS interference would interfere with cross-modal bias obtained with

meaningless shape-tone pairs (Arbitrary condition) but not with voice-face pairs

(Natural condition). Single pulse TMS applied over the right primary motor cortex and

over the left and right posterior parietal cortex at 50, 100, 150 and 200 ms.

1.4.3 Conclusion

MPA was studied using specific tools available today in Cognitive Neuroscience.

Behavioural results studies indicate that the integration of a emotional voice and a face

was based on a selective and specialised system rather than reflecting a general

mechanism that merely combines redundant affective information (Part I). MPA

interaction effects were only found when the face expression was presented with the

voice.
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A second relevant property of MPA is that it takes place in the early stage of

processing (before 200 ms post-stimulus), during perception (Part II). This means that

the interaction effects observed during MPA can not be reduced to a response bias. The

latency, topography and neural source of these effects all suggest that very rapidly,

voice and face converge in specific regions of the human brain to yield a multi-sensory

percept of the affect. The perception of a face changed if a concurrent voice was

presented simultaneously and the resulting percept is qualitatively different from that

obtained when the same face was presented alone.

A third property of MPA is its automaticity (Part III). This is highly consistent

with previous data obtained in the laboratory with normal observers suggesting a

minimal role of attention in this process (Vroomen et al., 2001). Here we have

confirmed the automaticity of face-voice integration using behavioural and EEG

measures in brain-lesioned patients who were either unable to overtly process the face

(due to Prosopagnosia) or unable to perceive the face consciously (due to Hemianopia).

In both cases, the face could however influence the concurrent auditory processing and

again this effect was automatic and early in time, during the time-course of perception.

Finally, the fact that the face-voice integration takes place in brain regions that

are heteromodal (Part IV) further supports the notion that this process of MPA is a

perceptual phenomenon rather than being attention-based or of stimulus-competition.



Chapter 2

Integration of multiple cues in perception of emotion: a special status

for face-voice pairings
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2.1 Abstract

In MPA, the expression in a seen face is integrated with the affective prosody in a

simultaneously heard voice. We examined whether integration of multiple affect cues is

specific for prosodic information or also obtains when a face expression is paired with

other affect-related inputs. In all conditions, participants were instructed to judge the

emotion displayed by a target face presented briefly on a screen. A face was presented

alone or accompanied by an affective distracter consisting of either a spoken word

pronounced in an emotional tone, the written name of an emotion or an additional face.

The emotion carried by the distracter was always either congruent or incongruent with

that of the target. Our results indicate that when the target face is combined with a

congruent auditory distracter, participants are faster and more accurate in rating the face

expression than when the target face is presented alone. However, the same participants

are slower in rating the target face when it is paired with either an incongruent emotion

name or with an additional face than when the target face is presented alone. These

results are consistent with a special status for face-voice pairings.

2.2 Introduction

Among the many environmental situations that produce inputs to more than one sensory

modality, affect stands out as a particularly interesting case. A face expressing anger is

seen together with an angry tone of voice (de Gelder, 1999). Laboratory studies have

recently begun to examine such MPA with behavioural methods (de Gelder et aI., 1995;

de Gelder & Vroomen, 2000a; de Gelder, 1999, 2000; Massaro & Egan, 1996) and

brain imaging techniques (de Gelder et aI., 1999; Pourtois, de Gelder, Vroomen,

Rossion, & Crommelinck, 2000; Dolan et aI., 2001).

In a recent study, de Gelder and Vroomen (2000a) have explored the integration

of auditory and visual affective information using the cross-modal bias paradigm. They

used a situation in which varying degrees of incongruence were created between a

facial expression and an affective tone of voice expressed in a short sentence.

Identification of the emotion in the face was biased in the direction of the

simultaneously presented tone of voice under instructions to base the judgement

exclusively on the face (Experiment I, de Gelder & Vroomen, 2000a). The inverse

effect, a bias of voice tone identification by facial expression, was also obtained
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(Experiment 3, de Gelder & Vroomen, 2000a). These results suggested the existence of

bi-directionallinks between visual and auditory affect identification structures.

The available evidence is clearly consistent with the notion that the perceptual

system integrates emotional information from the face and the voice. One may

speculate that the ability to combine inputs from different sources is advantageous for

an organism in the case of affect perception, as it appears to be in some other cases of

multi-sensory perception. But in the absence of any limits on which inputs make 'good

pairings', such an advantage would quickly be lost. Yet, very little is presently known

about possible constraints on affective pairings and on the role such constraints play in

the underlying mechanism responsible for multi-sensory integration (de Gelder, 1999,

2000). Interestingly, the issue of constraints on multi-sensory pairings has not received

much attention in more established domains of multi-sensory integration like that of

speech perception (Vroomen & de Gelder, 2000; see also chapters 7 and 9 in this

thesis).

The studies of MPA mentioned above have all used face/voice stimulus pairs.

The experimental paradigms were designed to counter the possible impact of extrinsic

factors like response bias but they did not address the issue of constraints on multi-

sensory pairings in affect perception, an issue we refer to here as that of selectivity of

the cross-modal bias effect. For example, at present it is still unclear which one of two

extreme but equally plausible alternatives is the most likely to be adequate. Either the

cross-modal bias between the voice and the face reflects the existence of a general

mechanism for affect perception whereby the perceptual system samples all sources of

affect information available at a given time/space. Or alternatively, the cross-modal bias

is narrowly restricted to the combination of facial expression with affective prosody.

For example, we do not know if task irrelevant stimuli presented in the periphery like

for example an additional face expression or the written name of an emotion would not

have an influence on rating the face expression just like the prosody in the voice does.

If the cross-modal bias effect would present some of the same characteristics as for

example the interference effect observed in Stroop-like tasks (MacLeod, 1991), it

would slow down rather than speed the response to the target stimulus. It appears likely

that unconstrained integration would expose the organism to vicarious influences away

from the main task at hand.
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To address the issue of selectivity, we compared the cross-modal bias effect in

cases where a face expression is paired with affective prosody and two other pairings in

which the same face expression figured: the pairing of a face expression with the

written name of an emotion and the pairing of a face expression with an additional face

expression. We predicted that the pattern observed for face-voice pairings would be

different from that obtained when a face expression was paired with an emotion name

or with an additional face

Participants were always instructed to discriminate the expression (angry or sad)

of target faces. The target face was presented alone or accompanied by an affective

distracter. This distracter could be auditory (an affective tone of voice) or visual (the

written name of an emotion or an additional face expression). We manipulated the

emotional congruence between the target face and the affective information presented

in periphery. We used a within-subject design, the same procedure and stimulus

duration of the target across the different conditions. The effect of the auditory

distracter was studied in a separate block than the effect of the visual distracters (either

an emotion name or an additional face). Only emotions with negative valence, angry

and sad, were used, to rule out possible confounds between the role of (in)congruence

between affecti ve content of target and distracter and valence of the emotion presented

(positive vs. negative).

2.3 Methods

Participants

Thirty-nine students (34 female; 36 right handed; mean age: 20) from Louvain

University were recruited to participate. All were native French speakers. They

obtained course credits for their participation. Eight participants (3 left-handed and 5

participants with incomplete data) were not included in the statistical analyses in order

to minimise the inter-individual differences.

Set-up

The set-up consisted of a 25 ern x 32 cm monitor (17-inches screen) for presentation of

the visual targets (faces) and of the visual distracters (printed emotion names or
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additional faces), and of a loudspeaker (Trust loudspeaker, 1998) for presentation of the

spoken distracters. The loudspeaker was placed in median location on top of the

monitor. Experiment was run in a dimly lit room (mean luminance 5 cd/m').

Participants sat with the head restrained by a chin rest at a 60-cm distance from the

screen. Experiment was controlled by Superlab software (Version 1.74) installed on a

Macintosh computer (G3/400).

Materials

Target faces

The visual targets consisted of black and white photographs (Ekman & Friesen, 1976).

For each of six actors (3 male and 3 female actors) one sad and one angry pose was

selected. Target faces were always presented in the centre of the screen (s-cm width x

6.s-cm height sustaining a visual angle of 4.76 degrees by 6.15 degrees) for 150 ms.

Auditory distracters: affective prosody

The auditory distracters consisted of 12 bi-syllabic spoken words that had been obtained

as follows. Six male and six female talkers, all native French speakers, pronounced a

neutral sentence (lIIs voyagent en avion/ meaning !They are travelling by plane!) in an

angry and a sad tone of voice respectively. The sentences were recorded on a DAT

recorder and subsequently digitised and amplified (using SoundEdit 16 1.0 b4 running

on Macintosh). From each sentence the three first words were excised leaving only the

last word /plane/. In a pilot study, the 24 token (12 actors x 2 tones of voice) of the

target word were presented to 8 volunteers who labelled each fragment as "angry",

"sad", or "don l know". The three best talkers of each gender were selected on the basis

of correct recognition scores. The resulting 12 auditory tokens (six talkers pronouncing

/plane/ in either a sad or an angry tone) served as auditory material. Overall mean

duration of the fragments was 348 ms. Each spoken distracter was combined on half the

trials with a target face displaying the same emotion (congruent trials) and on the other

half with a target face displaying the other emotion (incongruent trials). Combinations

respected the gender of face and voice. The spoken distracter was always presented at

such a time that its offset coincided with that of the target face.



48 Chapter 2

Visual distracters: additional face expression

Face distracters were identical to the targets. All combinations involved two pictures of

the same actor, displaying the same emotion (thus twice the same picture) on congruent

trials, or different emotions on incongruent trials. The face distracter was presented in

full synchrony with the target and immediately s-cm above it (i.e., distance between the

upper edge of the target face and the nose of the peripheral face). Size of the total

display was s-cm width by Is-cm height (sustaining a visual angle of 4.76 by 14.04

degrees).

Visual distracters: written name of an emotion

Emotion names were the French words FACHE (angry) and TRlSTE (sad) printed in

Times Police 24 (on screen 3-cm width by I-cm height). They were presented in

synchrony with the target face and s-cm above it (i.e., distance between the upper edge

of the target face and the central point of the peripheral word). Size of the total display

was s-cm width by 12-cm height (sustaining a visual angle of 4.76 degrees by 1l.31

degrees). The name was that of the target emotion in congruent trials and that of the

other emotion on incongruent ones.

Procedure

The testing involved control trials on which the target face was presented without

distracter and experimental trials in which it was accompanied by a distracter. All trials

started with the 250 ms presentation of a central fixation cross, followed for 600 ms by

a blank screen and by the target face (150 ms). The presentation of the target for 150 ms

reduced any peripheral eye movements. As already described, the visual distracter

(printed name or face) was presented in synchrony with the target and the spoken

distracter started before the target in such a way as to go off at the same time. After

target offset, the screen went blank for 1200 ms before the start of the following trial.

Participants were instructed to make a forced choice on the expression (angry

vs. sad) displayed by the target face and to respond as accurately and fast as possible by

pressing one of two keys. They were told to base their response only on the target face

and to ignore auditory or visual distracters.
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The testing involved two blocks. Block AV (for audio-visual) involved 60

control trials and 120 experimental trials with respectively 60 congruent and 60

incongruent spoken distracters. Block VV (for visual-visual) involved 60 control trials

and 240 experimental trials with 60 congruent and 60 incongruent additional face and

with 60 congruent and 60 incongruent emotion names. Within each block, all trials were

presented in randomised order for a total of 180 trials in block AV and 300 trials in

block VV.

2.4 Results

Audio-visual block

Accuracy

A repeated measure analysis of variance (ANOV A) with two within-subject factors was

computed on the mean error rates (see Table 2.1 and Figure 2.1): Emotion (angry vs.

sad) and Type of trial (control, audio-visual congruent and audio-visual incongruent).

The analysis produced a significant main effect of Type of trial (F',6<l= 6.15, P < .005).

This effect was not modulated by emotion. Student t-tests indicated that control trials

produced more errors than congruent trials (t30= 3.37, P < .005) and incongruent trials

produced more errors than congruent trials (t30 = 2.52, P = .014). The difference

between incongruent trials and control trials was not significant (t30< I).
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Control Congruent prosody Incongruent prosody

Figure 2.1. Mean error rates in %for the control, congruent
affective prosody and incongruent affective prosody
conditions.
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Figure 2.2. Mean RTs in ms % for the control, congruent
affective prosody and incongruent affective prosody
conditions.
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RTs

The same ANOV A run on mean Reaction Times (RTs) (see Table 2.1 and Figure 2.2)

produced a significant main effect of Type of trial (F2.60 = 12.3, P < .00I). This effect

was not modulated by emotion. T-tests indicated that incongruent trials were faster than

control trials (t,o = 2.47, P = .016) and so were congruent trials (t,o = 4.96, P < .00 I).

Moreover, congruent trials were faster than incongruent trials (t,o= 2.49, P = .016).

In the angry condition, congruent trials were faster than incongruent trials (t,o= 3.14, P

< .005) and control trials (t,o = 3.75, P < .001). The difference between control and

incongruent trials was not significant «, < I). In the sad condition, congruent trials

were faster than control trials (t,o = 3.3, P < .005) and so were incongruent trials (t,o =

2.9, p < .01). The difference between congruent and incongruent trials was not

significant (t,o < 1). There was thus no speed/accuracy trade-off as congruent trials are

responded faster and with less errors than incongruent trials.

Table 2.1. Mean RT and mean error % per condition
(SDs in parentheses).

Condition Anorv Anorv Sad Sad
RT % Error RT % Error

Control 526,9 (88,3) 15,3 (13,5) 542,3 (90,3) 16,2 (11,3)
Affective prosody congruent 499,7 (79,4) 10,6 (9,5) 518,1 (84,8) 14,5 (11,3)

Affective orosodv inconoruent 5224(889) 143(125) 521 1 (782) 159(126)

Visual-visual block

Accuracy

Mean % errors per condition are shown in Table 2.2 (alI conditions), Figure 2.3

(control, emotion name congruent and incongruent) and Figure 2.5 (control, additional

face congruent and incongruent). The % errors (without the data for control trials) were

submitted to an ANOV A with three within-subject factors: Emotion (angry vs. sad),

Congruence (congruent vs. incongruent) and Condition (emotion name vs. face). There

was neither a significant main effect nor a significant interaction.
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Figure 2.3. Mean error rates in % for control, congruent
emotion name and incongruent emotion name conditions.
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Figure 2.4. Mean RTs in ms for control, congruent emotion
name and incongruent emotion name conditions.

RTs

Mean RTs per condition are shown in Table 2.2 and Figures 2.4 (control, emotion name

congruent and incongruent) and 2.6 (control, additional face congruent and

incongruent). The ANOV A produced a significant main effect of Congruence (Fl.3o=
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25.85, P < .001) and a significant interaction between Emotion x Congruence (F,,JO=

9.78, P < .005). This effect of congruence (slower RTs with incongruent trials than

congruent ones) was larger for the sad condition (i.e., when participants have to judge

the target faces as sad) than for the angry condition.

Table 2.2. Mean RT and mean error %per condition (SDs
in parentheses).

Condition Anarv Anarv Sad Sad
RT % Error RT % Error

Control 502,8 (92,2) 12,8 (10,3) 512,5 (96,1) 18,7 (14,9)
Emotion name - congruent 497,7 (82,4) 15 (11,3) 502,7 (87,8) 16,2 (11,4)

- incongruent 520,4 (74,4) 13,7 (11,1) 542,2 (86,2) 17,9 (12,8)
Additional face - congruent 513,3 (75,9) 13,2 (11,5) 498,6 (89,4) 16,5 (12,7)

- inconoruent 517,7 (85 1) 15 (11 4) 541,3(864) 164 (10 3)

In order to compare the control trials with the 4 other experimental trials and to

assess the effect of emotion on congruence, independent t-tests for each type of emotion

were carried out. For the angry condition, two differences were statistically significant:

the difference between congruent trials and incongruent trials with emotion name as

distracter (t30= 2.35, P = .02), and the difference between congruent trials with emotion

name as distracter and incongruent trials with addition face as distracter (t30= 2.07, P =

.04). These two significant differences reflected an incongruence effect indicating that

incongruent trials were slower than congruent trials. There was no significant difference

between congruent trials and control trials or between incongruent trials and control

trials. For the sad condition, six differences were statistically significant: the difference

between control and incongruent trials with an emotion name as distracter (t30= 3.53, P

= .00 I), between control and incongruent trials with an additional face as distracter (t30

= 3.2, P = .003), between congruent and incongruent trials with an emotion name as

distracter (t30= 5.06, P < .001), between congruent trials with an additional face as

distracter and incongruent trials with an emotion name as distracter (t30= 4.84, P <

.001), between congruent trials with an emotion name as distracter and incongruent

trials with an additional face as distracter (t30= 4.1 1, P < .001), and between congruent

and incongruent trials with an additional face as distracter (t30= 3.58, P = .001).
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Figure 2.6. Mean RTs in ms for control, congruent
additional face and incongruent additional face
conditions.
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The two significant differences between control trials and incongruent trials

indicated that incongruent trials are slower than control trials. The other four significant

differences reflected a congruency effect indicating that incongruent trials were slower

than congruent trials whatever the condition presented. For the sad condition, the

situation was therefore somewhat different than that observed for angry trials: both an

additional face and an emotion name influenced in the same way (all p < .001) the

processing of the target face.

2.5 Discussion

The present experiment focussed on how judgement of the expression of a target face is

influenced by concurrently presented affective information. Based on previous results

we predicted that a gain in accuracy and response latencies would be observed when a

face expression is to be judged as part of a face-voice pairing. However, when the same

target faces are rated in pairings with either an emotion name or an additional face there

is also an impact of the distracter stimuli. But unlike in the face-voice pairings, when

these distracters are congruent with the target they do not enhance the response to the

targets. But they have a negative effect on responses when they are incongruent. Taken

together these two contrasting response patterns suggest a special status for face-voice

combinations. It has been argued that enhancement of responses to a target presented

together with a congruent distracter is indicative of perceptual integration (MiIler, 1982,

1986; Stein & Meredith, 1993; Massaro, 1998). In contrast, a response cost associated

with the presence of incongruent distracters evokes response competition (or response

bias) phenomena such as observed in the weIl-known Stroop effect (see MacLeod,

1991, for overview and critical discussion). In what foIlows we discuss some aspects of

these results.

The first thing to note is that the congruency effect observed for face-voice pairs

replicates previous findings with a slightly different setting and with different auditory

materials. In previous findings full sentences (de Gelder & Vroomen, 2000a) or four

syIlable sentence fragments (de Gelder et a\., 1999) were used instead of bi-syllabic

words employed here. It is thus interesting to see that even with limited auditory input

the perception of face expressions is systematicaIly biased towards the information

given in the auditory input and a significant response gain is obtained. Next, the
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congruence effect obtained with the face-voice pairings is modulated by emotion

(significant congruence effect only for angry trials), but the important finding is that

participants are better with congruent audio-visual trials than control trials and that this

effect does not interact with emotion. This effect in accuracy is also corroborated by an

effect in latencies.

In the face-face and face-name condition we observed an effect of

incongruence, whatever the nature of the secondary visual stimulus (either an emotion

name or an additional face). Although the incongruence effect is modulated by emotion,

in both cases a comparable influence of the visual distracter to the target face is

observed. These results suggest a general mechanism for within-modality perception of

affect and are therefore consistent with the computational model of perception proposed

by Massaro (1998). But the critical result is that congruent trials seemed to be processed

in the same way as control trials and therefore this interference effect is different from

the response enhancement observed in the audio-visual block. The congruence effect is

mainly reflected by an interference for incongruent trials and not by a facilitation for

congruent trials. In other words, congruence does not lead to a gain in latencies but

incongruence leads to a loss. This incongruence effect is compatible with a relatively

late response competition view between visual stimuli such as demonstrated previously

for within-modality interference effects (MacLeod, 1991). These results indicate a

dissociation between on one side the combinatory process of an emotion name or

additional face and a target face and on the other side the combinatory process of

affective prosody and a target face. In the former case, congruence is mainly manifested

by interference for incongruent trials whereas in the latter congruence is mainly

translated as facilitation for congruent audio-visual trials.

Let us now turn to some potential objections. A first objection is that the

congruence effect is only observed for angry trials, suggesting that the cross-modal bias

effect might be specific to one emotion. Rather than a cross-modal bias specific to one

emotion, it is in fact the pairing of a sad face with an angry voice that appears specific.

This pairing is specific since in the other three cases (sad voice paired with sad face,

angry voice paired with angry face and sad voice paired with angry face) we have

observed a systematic bias effect from the voice to the face. A critical comparison to

make is between control trials and congruent audio-visual trials. With this comparison,
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congruent audio-visual trials are faster than control trials and congruence does not

interact with emotion. In three cases out of four, the prosodic information available at

the level of a single word was apparently sufficient to yield a cross-modal bias from the

spoken word to the face. The absence of a significant congruence effect for sad trials

seems to be due to the fact that incongruent audio-visual trials are faster than control

trials, a facilitation effect that has already been reported previously with simpler stimuli

(see Gielen & Van Den Heuvel, 1984 for a discussion).

Another concern is whether participants followed instructions and indeed only

based their response on the target face rather than attending also to the distracter

stimulus. This issue was not addressed in this experiment but was studied in a previous

study aimed at investigating the role of attention in multi-sensory perception of affect

(Vroomen et aI., 2001). This study showed that cross-modal bias was not reduced by

either a secondary auditory (monitoring beeps embedded in the auditory stimulus) or

visual task (passively viewing, monitoring or counting digits overlaid on the visual

stimulus) however attention demanding this secondary task was made to be.

Finally, one could argue that the response enhancement in the face-prosody

condition is more a consequence of the auditory component of that pairing than of

affective congruence of target and distracter. For example, with distracters that are in

the same modality as the target, they may not have an effect due of an attentional

bottleneck. This is unlikely though because of prior results (Vroomen et aI., 200J)

suggesting that the cross-modal bias effect in affect perception was not reduced by a

secondary task whether it required extra processing load in either the auditory or the

visual modality. These results indicated that limitation of processing resources was not

a critical factor for audio-visual integration.

This present experiment is a first exploration of the complex issue of multiple

cue integration in affective perception. In the following chapters we have

predominantly restricted our focus to the combination of affective prosody with facial

expression and investigated its time course and its neuro-anatomical implementation.





Chapter 3

The time-course of intermodal binding between seeing and hearing

affective information'

I This Chapter is a slightly modified version of a paper with identical title by G. Pourtois, B. de Gelder, J.
Vroomen, B. Rossion, & M. Crommelinck which has been published in NeuroReport, 2000, II, 1329-33.
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3.1 Abstract

Intennodal binding between affective information that is seen as well as heard triggers a

mandatory process of audio-visual integration. In order to track the time course of this

audio-visual binding, event related brain potentials were recorded while subjects saw

facial expression and concurrently heard auditory fragment. The results suggest that the

combination of the two inputs is early in time (1 10 ms post-stimulus) and translates as a

specific enhancement in amplitude of the auditory NI component. These findings are

compatible with previous functional neuroimaging results of audio-visual speech

showing strong audio-visual interactions in auditory cortex in the form of magnetic

response amplifications, as well as with electrophysiological studies demonstrating

early audio-visual interactions (before 200 ms post-stimulus). Moreover, our results

show that the informational content present in the two modalities plays a crucial role in

triggering the intermodal binding process.

3.2 Introduction

In a natural habitat information is acquired continuously and simultaneously through the

different sensory systems. As some of these inputs have tbe same distal source (like for

example the sight of a fire, but also the smell of smoke and the sensation of heat) it is

reasonable to suppose that the organism should be able to bundle or bind information

across sensory modalities and not only just within sensory modalities. For one such area

where intermodal binding (IB) seems important, that of concurrently seeing and hearing

affect, behavioural studies have shown that indeed intermodal binding takes place

during perception (de Gelder et aI., 1995; de Gelder, et aI., 1998a; Massaro & Egan,

1996; de Gelder & Vroomen, 2000a). In these experiments, audio-visual stimuli (i.e.,

facial expression combined with an affective voice fragment) are presented to subjects

instructed to judge, dependent on the condition, the facial expression, the tone of the

voice or both. Strong crossmodal biases are evidenced at the behavioural level by

slower reaction times in incongruent situations between voice and face than in

congruent situations.

This merging of inputs does not await the outcome of separate modality specific

decisions and is not under attentional control (de Gelder, 1999). What could possibly be

tbe neurophysiological correlates of this early binding between seeing and hearing

affective information? The question has been raised for a case that is very similar, that

of concurrently presented input from hearing and seeing speech. Recent neuroimaging
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studies (Calvert, Brammer, & Iversen, 1998; Calvert et aI., 1999) have shown that a

response enhancement of the magnetic signal was observed in unimodal auditory cortex

during combined auditory and visual stimulation. Nevertheless, no information is yet

available regarding the moment in time tbis increase of activity in auditory cortex takes

place.

In the present study, we used ERPs to track the temporal course of audio-visual

interaction and assess whether these interactions would translate as an enhancement of

early auditory electrophysiological components. Two main hypotheses were addressed:

(I) will JB manifest itself as an increase in amplitude of an early auditory component

(like the auditory N I component) when a facial expression is presented concurrently

with a voice fragment providing two congruent expressions (i.e., angy voice and angry

face); (2) if processing of facial expression is required for IB to occur, the effect should

disappear in a control condition when presenting the same facial expression upside-

down which substantially hinders face recognition (de Gelder et aI., 1997; Searcy &

Bartlett, 1996).

3.3 Methods

Subjects

Seven native Dutch-speaking right-handed subjects (four males) with an average age of

27 years participated in the study. They were paid for their participation.

Stimuli

All stimuli consisted of combination of an auditory with a visual stimulus. Visual

materials consisted of four faces from the Ekman-Friesen set (Ekman & Friesen, J 976)

(male actor number 4 and female actor number 5 each presenting once an angry and

once a sad expression). Mean size of the face was 8 em width by 12 em height. Mean

luminance of the visual stimuli was 25 cd/m2 and less than I cd/rrr' for the room and the

background. Construction of auditory materials started from three sentences spoken in

an angry tone of voice by a male and female semi-professional actor. Only the last four

syllables were used as test materials. The average sound level of the speech was 78 dB.

Visual stimuli were then combined with auditory stimuli in order to construct six audio-

visual trials (2 visual stimuli x 3 auditory stimuli) with either congruent or incongruent

affective content. Moreover, congruous and incongruous inverted pairs (i.e., concurrent
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affective voice and inverted face stimulations) were constructed by rotating the

orientation of the face 180 degrees upside-down. Gender between voice and face was

always congruent.

A trial started with the presentation of the face. After a variable delay (750 - 1250

ms) following the onset of the face, the voice fragment (duration 980 ± 216 ms) was

presented via a loudspeaker. The face stays on till the end of the voice fragment. The

delay between voice and face onsets was introduced in order to reduce interference of

the brain response elicited by the faces (de Gelder et aI., I999a). Total duration of a trial

was 2500 ms. Intertrial interval (measured from the offset of the visual stimulus) was

randomly varied between 0.5 and 1 s.

Design and procedure

Twenty-four blocks (6 audio-visual trials x 2 congruencies x 2 orientations) of 70 audio-

visual trials were randomly presented in an oddball paradigm. For each block, 60 trials

served as standard (85 %) and 10 trials as deviant (15 %). 12 blocks (6 blocks with

upright pairs and 6 blocks with inverted pairs) had congruous pairs as standard and

incongruous pairs as deviant, and in the other 12 blocks, standard and deviant pairs

were exchanged. The six congruous and six incongruous audio-visual pairs were each

presented 140 times in random order. Subjects were tested in a dimly lit, electrically

shielded room with the head restrained by a chin rest and at 130 em away from the

screen fixating a central fixation point. Subjects were instructed to pay attention to the

faces and ignore the auditory stimuli

Electrophysiological recording and data processing

Visual event-related brain potentials (VEPs) and auditory event-related brain potentials

(AEPs) were recorded and processed using a Neuroscan 64 channels. Horizontal EOG

and vertical EOG were monitored using four facial bipolar electrodes placed on the

outer canthi of the eyes and in the inferior and superior areas of the orbit. Scalp EEG

was recorded from 58 electrodes mounted in an electrode cap (10-20 System) with a

nose reference, and amplified with a gain of30K and bandpass filtered at 0.0] - 100 Hz.

Impedance was kept below 5 kil. EEG and EOG were continuously acquired at a rate of

500 Hz. Epoching was made 100 ms prior to stimulus onset and continuing for 924 ms

after stimulus presentation. Data were low-pass filtered at 30 Hz. Maximum amplitudes

and mean latencies of AEPs and VEPs were measured relative to a 100 ms pre-stimulus
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baseline and assessed using repeated measures Analyses of Variance (ANOV As).

Analyses were focused on early visual and auditory activities {250 ms post-stimulus).

3.4 Results

In order to assess whether face orientation (upright vs. inverted facial expressions) had

been indeed processed and led to different early visual component (Jeffreys, 1996;

Bentin, Allison, Puce, Perez, & McCarthy, 1996; Rossion, Delvenne, Debatisse,

Goffaux, Bruyer, Crommelinck, & Guerit, 1999b), the brain responses time-locked to

the presentation of the face were first analysed. Secondly, brain responses time-locked

to the presentation of voice fragments concurrently presented with faces (upright vs.

inverted pairs) were analysed using several repeated measures ANOVAs both for

amplitude and latency parameters of two early auditory components, the auditory NI

and P2 components (250 ms post-stimulus).

VEPs

When the analysis is time-locked to the presentation of the face, the visual NI

component (at Cz electrode) is first evaluated. This early visual component is

conceptualized as the negative counterpart at the vertex of the occipital PI component

("PI-N I complex", Clark, Fan, & Hillyard, 1995). Recently, this component (PI) has

been shown to be sensitive to visual affective processing (i.e., the valence of the

stimulus, Pizzagalli, Regard, & Lehmann, 1999). Following the NI component, a

specific brain response maximally evoked by facial stimuli (Jeffreys, 1989, 1996),

namely the vertex positive potential (VPP) is manifested by a positive deflection at the

vertex (Cz) and occuring 180 ms post-stimulus.

Furthermore, this component is sensitive to face orientation; i.e., inverted faces

generally evoke a delayed and enhanced VPP (Rossion et aI., I999b). The VPP can be

considered as the positive counterpart of an occipito-temporal negativity (the N 170

component), best recorded at electrodes T5 and T6 (Bentin et aI., 1996; Rossion,

Campanella, Gomez, Delinte, Debatisse, Liard, Dubois, Bruyer, Crommelinck, &

Guerit, 1999). From the grand average waveforms comparing upright and inverted

facial expressions (see Figure 3.1), no effect of Orientation is evident in the N I

component but inverted faces evoked a delayed and higher VPP than normal faces.

These observations were confirmed by several statistical analyses (ANOVAs) computed

on amplitude and latency parameters at C, of the N I and VPP with the factors
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Orientation (Upright vs. Inverted face) and Affect (Angry vs. Sad). Considering the

maximum amplitudes at Cz electrode in the interval 80-120 ms (Nl) there were no

significant main effect, nor significant interaction. The same conclusion holds for the

latencies at C, electrode corresponding to the maximum amplitudes in the interval 80-

120 ms (N I). The maximum amplitudes at C, electrode in the interval 160-200 ms

(VPP) were entered into the same repeated measures ANOV A and the analysis revealed

a significant effect of Orientation (F'.6 = 14.64, P = .009) in the sense that inverted faces

elicited a larger VPP (mean amplitude = 6.15 uv) than normal faces (mean amplitude =

4.6 uv).

~v Nl

·2

vpp

Figure 3.1. Grand average waveforms (VEPs)
at Cz electrode for upright facial expressions
(black) and invertedfacial expressions (grey).

Table 3.1. Mean latency and mean amplitude
of VPP for each subject for upright and
inverted facial expressions.

Subject InvertedUpright

178/07.62

2 162/04.73

3 196/04.69

4 174/00.30

5 170/04.46

6 186/03.70

7 166/06.72

186110.88

176/06.47

214/07.31

210/00.81

186/05.20

174/04.24

196/08.16
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Considering the latencies at C, electrode corresponding to the maximum

amplitudes in the interval 160-200 ms (VPP), the analysis revealed a significant effect

of Orientation (F1.6= 6.82, P = .04) in the sense that inverted faces elicited a delayed

VPP (mean latency = 191.7 ms) than normal faces (mean latency = 176 ms).

AEPs

In order to assess the interactions between facial expression and voice, early auditory

components were assessed. The N I and P2 components are late cortical components

(Nataanen, 1992; Hillyard, Mangun, Woldorff, & Luck, 1995), each composed of

multiple subcomponents. The N 1 has been shown to be modulated by auditory selective

attention (i.e., enlarged N I elicited by attended stimuli).

Analysis of the waveforms comparing congruent and incongruent trials when

upright faces are presented (see Figure 3.2) shows a strong amplitude effect on the NI

component in the sense that congruent trials trigger a higher NI component than

incongruent trials, suggesting an amplification of the early auditory processing when

congruent audio-visual pairs are presented. Furthermore, this amplitude effect seems to

be absent when inverted faces are presented (see Figure 3.2). Considering the P2

component, the Orientation factor seems to interact with the latency parameter of this

component in the sense that inverted pairs are delayed in comparison with upright pairs

whatever the congruency of the pair. These observations were confirmed by four

repeated measures ANOVAs with the factors Orientation (upright vs. inverted pair),

Congruency (congruent vs. incongruent pairs), Anterior-Posterior Electrode Position

(Frontal, central or parietal) and Laterality (left, mid-line or right): two ANOV As were

carried out on the maximum amplitudes of two early auditory components (N I and P2)

and two other ANOVAs on the corresponding latencies of these peaks.

The maximum amplitudes in the interval from 90 to 130 ms (auditory NI

component) were first analysed. The analysis revealed a significant main effect of

Electrode Position (F2.12= 7.71, P = .007), and of Laterality (F2.12= 8.53, P = .005), a

significant Congruency x Electrode Position interaction (F2.12= 7.04, P = .009), a

significant Orientation x Congruency x Electrode Position x Laterality interaction (F4.24

= 3.25, p = .029). In order to explore the interaction between Congruency and other

factors, separate 2 (Congruency) x 3 (Electrode Position) x 3 (Laterality) repeated

measures ANOV As were computed for upright pairs and inverted pairs.



66 Chapter 3

For upright pairs, the analysis revealed a significant interaction between

Congruency x Electrode Position x Laterality (F4,24 = 3,25, P = .029) and a significant

main effect of Electrode Position (F2,12 = 11.14, P = .002). Post-hoc tests revealed that

Congruent pairs elicited a higher NI component (at C3: -6.038 uv) than Incongruent

pairs (at C3: -5.271 uv) significantly at electrode C3 (F1,6 = 8.32, P = .028) and almost

significantly at electrode P3 (F1,6 = 5.95, P = .05). For inverted pairs, the analysis

revealed a significant main effect of Electrode Position (F2,12 = 5.36, P = .022) in the

sense that amplitudes are maximum at central leads, and a significant effect of

Laterality (F2,12 = 10.99, P = .002) in the sense that amplitudes are maximum at mid-line

electrodes.

~lV Nl / ~v
Nl

-8 ·8

.. -6

-. -.
-2

-2

P2 P2

Figure 3.2. (Left) grand average waveforms (AEPs) at
Cz in the upright condition for congruent pairs (black)
and incongruent pairs (grey), (Right) grand average
waveforms (AEPs) at Cz in the inverted condition for
congruent pairs (black) and incongruent pairs (grey).

Secondly, the maximum amplitudes in the interval from 180 to 220 ms (auditory

P2 component) were analysed. The analysis revealed a significant effect of Electrode

Position (F2,12 = 7.53, P = .008), and of Laterality (F2,12 = 34.28, P < .001), a significant

Congruency x Electrode Position interaction (F2,12 = 11.33, P = .002) and a significant

Electrode Position x Laterality interaction (F4,24 = 4.28, P = .009). In order to explore

the interaction between Congruency and Electrode Position, separate 2 (Congruency) x

3 (Electrode Position) x 3 (Laterality) repeated measures ANOVAs were computed for

upright pairs and inverted pairs. For upright pairs, the analysis revealed a significant

Congruency x Electrode Position interaction (F2,12 = 8.85, P = .004), a significant
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Electrode Position x Laterality interaction (F4,24 = 3.09, P = .035), a significant main

effect of Electrode Position (F2,12 = 8.78, P = .004) and a significant main effect of

Laterality (F2,12 = 16.83, P < .001). Post-hoc tests revealed that Congruent pairs elicited

a reduced P2 component (at P3 = 1.69 J.l.V ) compared to Incongruent pairs (at P3 = 2.42

uv) significantly at electrode P3 (F1,6 = 6.33, P = .046). For inverted pairs, the analysis

revealed a significant Electrode Position x Laterality interaction (F4,24 = 3.68, P = .018),

a significant main effect of Electrode Position (F2,12 = 6.15, P = .015) and a significant

main effect of Laterality (F2,12 = 25.64, P < .00 I). Post-hoc tests revealed higher P2

amplitude at left central electrode.

Table 3.2. Mean amplitude of the auditory NI
component for the different conditions and
locations.

UPRIGHT rNVERTE D

Frontal Central Parietal Frontal Central Parietal

Left llill r. -4.32 -6.04 -5.35 -3.83 -5.67 -4.88
Incongr. -4.00 -5.27 -4.29 -4.18 -5.35 -4.55

Central llill r. -4.58 -7.27 -6.03 -4.85 -6.94 -5.47
Incongr. -4.91 -6.51 -4.59 -4.89 -6.67 -4.95

Rigtt llill r. -4.38 -6.41 -5.44 -4.49 -6.21 -5.12
Incongr. -4.44 -6.44 -4.76 -4.68 -6.22 -4.56

Third, the latencies corresponding to the maximum amplitudes in the interval

90-130 ms were analysed. The analysis revealed a significant main effect of Orientation

(F1,6 = 7.64, P = .033) and a significant Orientation x Electrode Position x Laterality

interaction (F4,24 = 3.37, P = .025) in the sense that NI latency was shortest at left

central site. In order to explore the interaction between Orientation and other factors,

separate 2 (Congruency) x 3 (Electrode Position) x 3 (Laterality) repeated measures

ANOV As were computed for upright pairs and inverted pairs. For upright and inverted

pairs, the two analyses revealed no significant main effect nor interaction.

Finally, the latencies corresponding to the maximum amplitudes in the interval

180-220 ms were analysed. The analysis revealed a significant effect of Orientation

(F1.6 = 11.52, P = .015) indicating that inverted pairs (mean latency: 200.29 ms) were

delayed (upright pairs, mean latency: 194.61 ms). Separate 2 (Congruency) x 3

(Electrode Position) x 3 (Laterality) repeated measures ANOVAs were computed for
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upright pairs and inverted pairs. For upright pairs, the analysis revealed no significant

main effect nor interaction. There was a trend towards significance for Electrode

position x Laterality, (F4,24 = 2.58, P = .063). For inverted pairs also, the analysis

revealed no significant effect.

3.5 Discussion

Our results clearly indicate that early auditory processing of a voice is modulated as

early as 110 ms by the concurrent presentation of a facial expression. We have also

provided evidence that JB occurs specifically when the facial expression is congruent

and not when it is incongruent, or presented upside-down. Given the latter control

conditions, an explanation in terms of acoustic differences cannot account for our

results since exactly the same auditory fragments were used in the different conditions

(congruent vs. incongruent pairs; upright vs. inverted faces).

When the analysis is time-locked to the presentation of the voice fragment in

order to consider the auditory NI component, the Congruency factor interacts mainly

with the amplitude parameter of the AEPs only when upright faces are concurrently

presented. This effect is manifested by an amplitude increase for congruent trials. This

result supports the notion that auditory processing is enhanced when a congruous facial

expression is concurrently presented. More precisely, the effect seems to be lateralized

in the left hemisphere and is maximum at the central electrode position (C3). The

increase in the auditory NI component found here points in the same direction than the

fMRJ results of Calvert et al. (Calvert et al., 1998, 1999) showing significant magnetic

signal enhancements in auditory cortex (BA 41/42) when audio-visual stimuli are

presented. But the present results add crucial information regarding the moment in time

these increases of activity indicative of IB take place by showing that increased activity

in the auditory cortex is triggered as early as 110 ms post-stimulus.

Moreover, this increase of activity is earlier than the magnetic wave (occuring

220 ms after the MIOO wave) elicited in the auditory cortex when heard speech is

combined with visible speech information as evidenced by Sams et al. (Sams et al.,

1991) using a different technique (magnetoencephalography) and a different

methodology (i.e., an additive procedure). Increased activity only in the auditory cortex

(auditory NI component) when audio-visual processing is required has been more

recently evidenced by Giard and Peronnet (1999) using the same technique (EEG) in a

multi modal object recognition task. Finally, the Orientation factor mainly plays a role
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on the latency parameter of the auditory processing (i.e., delayed auditory processing

when inverted faces are concurrently associated), but there is no interaction with

Congruency suggesting a global effect of Inversion on the auditory processing.

When the analysis is time-locked to the presentation of the face, the results show

that the brain responses elicited by the inverted faces evoked a delayed and larger VPP

than normal faces replicating previous observations (Rossion et aI., I999b).

Furthermore, there is no effect of facial expression (angry vs. sad) before 180 ms post-

stimulus at C, site, nor is there an interaction with face orientation. These results

illustrate that subjects were indeed sensitive to face orientation. Our observations are

compatible with previous electrophysiological studies that focused on the processing of

face orientation (e.g., Rossion, Gauthier, Tarr, Despland, Bruyer, Linotte, &

Crommelinck, 2000) or on the processing of facial expression (Carretie, Iglesias, &

Bardo, 1998) suggesting that before 200 ms post-stimulus, some perceptual

characteristics of the face (e.g., picture-plane orientation) are already processed, while

other (e.g., facial expression) are not yet fully processed.

Seeing a facial expression while hearing an affective tone of voice leads to a

mandatory process of audio-visual integration as shown in previous behavioural studies

(de Gelder & Vroomen, 2000a). Here, we used ERPs in order to clarify the neural

correlates of this phenomenon. Our observations illustrate that an early process of IS is

triggered when subjects see and hear affective information simultaneously. The results

clearly suggest that the temporal course of audio-visual interactions is rather early (i.e.,

at the perceptual level) than late (i.e., at a decisional level). These results are compatible

with previous functional neuroimaging results of audio-visual speech (Calvert et aI.,

1999) showing strong audio-visual interactions in auditory cortex in the form of

magnetic response amplifications, with electrophysiological studies demonstrating early

audio-visual interactions before 200 ms post-stimulus (see de Gelder et aI., 1999a;

Giard & Peronnet, 1999) as well as with previous behavioural studies showing audio-

visual bias characterized as automatic, perceptual and mandatory (de Gelder &

Vroomen, 2000a; Bertelson, 1999).

Moreover, while Stein and Meredith (1993) have pointed out that audio-visual

integration required spatial and temporal coincidence, our results clearly show that in

order for IB to be triggered, the informational content between the two modalities (i.e.,

accessible affective content) is equally important. Further studies should assess whether

the present phenomenon of IB with affective information is equally compelling for



70 Chapter 3

different, more or less basic emotions (happy, fear, disgust) and explore the basic

properties of the temporal window needed to evidence early audio-visual interactions.



Chapter 4

Facial expressions modulate the time course of long latency auditory

brain potentials I

I This Chapter is a slightly modified version of a paper with identical title by G. Pourtois, D. Debatisse,
P.A. Despland, & B. de Gelder which has been accepted for publication in Cognitive Brain Research.
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4.1 Abstract

Long latency auditory brain potentials were recorded while subjects listened to bi-

syllabic words spoken with an emotional expression and concurrently viewed congruent

or incongruent facial expressions. Analysis of the auditory waveforms suggests the

existence of a positive deflection around 240 ms post-stimulus with a clear posterior

topography (the P2b component). This potential is subsequent upon the modality-

specific auditory NI-P2 components and precedes the amodal N2-P3 complex.

Congruent face-voice trials elicited an earlier P2b component than incongruent trials

suggesting that auditory processing is delayed in the presence of an incongruent facial

context. These electrophysiological results are consistent with previous behavioural

studies showing an acceleration of reaction times for rating voice expressions that are

part of congruent bimodal stimulus pairs. A source localisation analysis performed on

the scalp EEG during the time-window corresponding to the P2b component disclosed a

single dipole solution in the anterior cingulate cortex.

4.2 Introduction

Affective information is often communicated simultaneously by different sensory

channels of communication such as the face and the voice. Perceiving emotions is thus

among the many perceptual skills that have correlates in more than one sensory

modality (de Gelder et aI., 1995; Massaro & Egan, 1996). Do face and voice inputs

integrate at early perceptual stages or at late decisional stages that is, when the

respective visual and auditory processes are fully completed? Laboratory studies have

begun to address the phenomenon of audio-visual integration of emotion signals using a

cross-modal bias paradigm.

Recently, de Gelder and Vroomen (2000a) used bimodal voice-face pairs in

which varying degrees of semantic incongruency were created between the expression

in the face and in the emotional tone of voice. Subjects were instructed to judge the

facial expression or the tone of voice and results indicated perceptual integration of the

two sources of information. Identification of the emotion in the face was biased in the

direction of the simultaneously presented tone of voice (de Gelder & Vroomen, 2000a).

The reverse effect, a bias from the emotion in the face on judgment of the emotion in

the voice, was also obtained. These results strongly suggest the existence of mandatory

bidirectional links between affect recognition structures in face and voice. In the present

Experiment, we address the issue of the time-course of face-voice integration of
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emotion using the high temporal resolution of event-related brain potentials and we

explored its neural correlate using a source localisation model.

Electrophysiological studies (either EEG or MEG) focused on cross-modal

identification (Calvert et aI., 1998) have clearly demonstrated large amplitude effects

either consisting of increase or decrease of early unimodal components like the auditory

Nl or the visual PI component (each generated around 100 ms for stimulus presentation

in their respective modality) in normal subjects during the perception of multi modal

stimuli (Sams et aI., 1991 ; Giard & Peronnet, 1999; Raij et aI., 2000). Increase or

amplification of the neural signal in modality-specific cortex (see de Gelder, 2000 ;

Driver & Spence, 2000 for a discussion) appears therefore as an important

electrophysiological consequence of cross-modal integration. This has been found with

brain imaging data for audio-visual stimuli (i.e., activation of the auditory cortex during

lipreading, see Calvert et aI., 1997 ; activation of the fusiform gyrus and the amygdala

during the perception of affective stimuli, see Dolan et aI., 200 I) and visuo-tactile

stimulus pairs (i.e., activation of the lingual gyrus during visuo-tactile perception, see

Macaluso et aI., 2000b).

Only a few studies have directly investigated the time-course of face-voice

integration of emotions using the high temporal resolution of EEG recordings. In a

previous study in which facial expressions were presented concurrently with sentence

fragments, de Gelder et a!. (l999a) reported that face-voice pairs elicited an extra

negative component around 170 ms post stimulus that was compatible with the

electrophysiological parameters (e.g., latency and topography) of the mismatch

negativity (MMN) known to only occur in the auditory domain (Nataanen, 1992).

Subsequently evidence for integrated perception of facial expressions paired with

sentence fragments has been provided in a study where the auditory N I component was

significantly enhanced by congruent pairs (Pourtois et a!., 2000). Finally, in a third

study (Surakka et a!., 1998), the pitch MMN has been shown to be influenced by the

simultaneous presentation of positive non-facial stimuli combined with pure tones.

All these studies have shown that the amplitude of early auditory processing as

indexed by the N I or the MMN could be modulated by the simultaneous presentation of

a concurrent visual stimulus. In the present Experiment a different methodology was

used and we studied whether a facial expression could also influence the processing

(e.g., the speed) of the concurrent auditory process. Event-related brain potentials were
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recorded while subjects heard auditory fragments paired with either a congruent or an

incongruent facial expression (happiness or fear).

4.3 Methods

Subjects

Ten native French-speaking subjects all right-handed with an average age of 20 years

participated in the study. They were paid for their participation. Two subjects were not

included in the statistical analyses because of excessive alpha band in the EEG.

Stimuli and Procedure

Stimuli consisted of an auditory and a visual component. Visual materials consisted of

six black and white static pictures taken from the Ekman series (Ekman & Friesen,

1976). For each actor a happy and a fearful facial expression were selected yielding a

total of 12 visual stimuli. Auditory materials consisted of 12 bi-syllabic spoken words,

which were obtained with the following procedure. Six male and six female actors alI

native French speakers were instructed to pronounce a neutral sentence ("they are

traveling by plane") in an emotional tone of voice (either happy or fearful). Speech

samples were recorded on a DAT recorder and subsequently digitized and amplified

(using SoundEdit 16 1.0 b4 running on Macintosh). From these, only the tokens of the

last word "plane" were selected using SoundEdit. A total of 24 samples (12 actors x 2

tones of voice) were obtained.

In a pilot study, they were presented to 8 volunteers (4 males and 4 females)

none of who participated in the Experiment. They were instructed to label each

fragment as "happy", "fearful", or "don't know". Based on recognition rates, twelve

fragments (i.e., six actors pronouncing "Plane" either in a happy or fearful tone of

voice) were selected (mean recognition rate 74% correct). Each spoken fragment was

then combined with a facial expression in order to construct audio-visual stimulus pairs

with either a congruent (12 pairs) or an incongruent affective content (I2 pairs). Trials

were generated using the Stirn software running on a PC Pentium II. Sounds were

delivered over two loudspeakers placed on each side of the sreen at a mean sound level

of 72 dB. Mean size of the face pictures was 6-cm width by 8-cm height. Mean

luminance was 25 cd/rrr' and less than 1 cdlm2 for the background and ambiant light.
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A trial started with the presentation of the face. After a delay (900 ms) following

the onset of the face, the voice fragment (duration 381 ± 50 ms) was presented while the

face picture remained on the screen till the end of the voice fragment. The delay

between voice and face onsets was introduced in order to reduce interference of the

visual brain response elicited by the faces. Intertrial interval (measured from the offset

of the visual stimulus) was 0.5 s. Subjects were tested in a dimly lit room seated at 80

em away from the screen. They were instructed to pay attention to the voices but no

behavioral data were collected to avoid any response-related components in the ongoing

EEG. Eight blocks of 24 audio-visual trials (half congruent and half incongruent) were

randomly presented. The twelve fragments were identical for the congruent and

incongruent conditions (i.e., the only difference was the emotion of the face they were

paired with).

Electrophysiological recording and data processing

AEPs were recorded and processed using a 32-channel acquisition system (Neuroscan).

Horizontal EOG and vertical EOG were monitored using four facial bipolar electrodes

placed on the outer canthi of the eyes and in the inferior and superior areas of the orbit.

Scalp EEG was recorded from 30 electrodes mounted in a quickcap (l0-20 System)

with a linked-mastoids reference, amplified with a gain of 30K and bandpass filtered at

0.01 - 100 Hz. Impedance was kept below 5 kQ. EEG and EOG were continuously

acquired at a rate of 500 Hz. After removal of EEG and EOG artefacts (epochs with

EEG or EOG exceeding ± 70 uV were excluded from the averaging), epoching was

made 100 ms prior to auditory stimulus onset and for 924 ms after stimulus

presentation. Epochs were rereferenced off-line to a common average reference.

Data were low-pass filtered at 30 Hz. Maximum amplitudes and mean latencies

of AEPs were measured relative to a 100 ms pre-stimulus baseline and assessed using

repeated measures Analyses of Variance (ANOVAs). Analyses were focused on the

posterior positive deflection subsequent upon the auditory P2 component but elicited

before the N2b-P3 complex. For each individual subject and each condition, the latency

and amplitude of the P2b component were measured relative to the maximum positivity

at three posterior electrodes (CP3, CPz and CP4) in the 210-270 ms interval. Source

estimation (Scherg, 1990) was performed on the time-window of the auditory

waveforms (congruent and incongruent averaged together) corresponding to the P2b

component (i.e. time window of 30 ms from 215 to 245 ms post-stimulus). A single
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unconstrained dipole solution (Advance Source Analysis) was first computed and

compared with a second solution providing two symmetric dipoles (symmetry

constraint) that were localized in the temporal lobe in a cortical region (i.e., the middle

temporal gyrus, Brodmann area 21) known to be involved in the perception of audio-

visual events (Mesulam, 1998). Moreover, a third solution providing a pair of dipoles

with the mirror symmetry constraint only (that allows therefore for some movement of

the pair of dipoles) was also computed. The dipole localization method is based on the

single equivalent current dipole model which provides electrode locations in the 10-20

standard or more. A three-layer realistically shaped head model, describing the brain,

skull, and scalp compartment, is applied in combination with the Boundary-element

method. The localization produces a set of dipole parameters that matches EEG forward

solution at a given latency.

4.4 Results

A detailed analysis of the auditory waveforms at posterior leads suggested the existence

of a positive deflection following the N1-P2 complex and labeled here the P2b

component (Figure 4.1). Analyses were focused on this positive deflection (220-260 ms

post-stimulus) which follows the N 1-P2 modality-specific components post auditory

stimulus (as well as the MMN) but was elicited before the N2b-P3 complex. The N 100

(l00-120 ms) and P200 (190-210 ms) exogenous components are described as late

cortical auditory components (Nataanen, 1992; Hillyard et al., 1995) with a fronto-

central topography, each composed of multiple subcomponents. The NI is modulated

by auditory selective attention (i.e., enlarged N1 elicited by attended stimuli).

In the present study, the NI component was not modulated by face congruency

(Figure 4.2) and the methodology used was not appropriate to study the MMN. The

N2b-P3 complex (Squires, Squires, & Hillyard, 1975) occured at a later latency range

than the P2b component, when modality-specific processing is completed. This amodal

complex has been proposed as an index of the updating of working memory (see

Donchin & Coles, 1988; Verleger, 1988 for a discussion). The P2b was clearly separate

from the P2 component (see Figure 4.1 and Table 4.1) because of its later time window

and its more posterior topography (maximum at electrode CPz). The P2b component

was also different from the P3 component (e.g., the P3b) because of the non-

overlapping time-windows between these two positive deflections.
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Figure 4.1. Grand averaged auditory waveforms
(Congruent trials) and corresponding topographies
(horizontal axis) at FCz (frontal), Cz (central) and
CPz (parietal) electrodes. The latency for the N1
topography is 116 ms, 188 msfor the P2, 224 msfor
the P2b and 580 ms for the P3. For each
topographical map, the time interval is 20 ms and
the amplitude scale goes from -6.u V (blue color) to
+6.uV (red color).

Table 4.1. Latency (in ms) and amplitude (in {tv) of
the Nl, P2 and P2b component for the different
conditions.

Happy Fear

Congruent Incongr l8It Congruent Inconguert

FC3 112/ -1.75 110/ -2.33 122/ -2.33 118/-1.75
Nl Fez 110/ -2.34 112/-3.72 114/ -2.46 116/ -2.32

FC4 108/ -1.73 112/-2.12 114/-1.47 124/ -1.57

C3 208/2.31 204 /2.07 186/1.25 218/1.66
P2 Cz 208/4.25 204 /3.34 210/2.36 216/2.81

C4 198/1.54 204 / 1.08 212/1.3 194/0.97

CP3 252/2.4 266 /2.69 218/1.46 248/2.64
P2b CPz 230/3.05 250 /3.84 218/2.73 246/3.76

CP4 226/1.14 244 / 1.56 218/1.91 244 / 2.2
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Analysis of the waveforms at posterior leads (CP3, CPz and CP4) comparing

congruent and incongruent trials (see Figure 4.2) showed a strong latency effect on the

P2b component in the sense that incongruent trials triggered a delayed P2b component

compared to congruent trials, suggesting a slowing of the auditory processing around

240 ms when incongruent audio-visual pairs were presented. This was indicated by an

extra shift in time for the positive deflection starting around 180 ms and peaking around

250 ms with incongruent pairs (Figure 4.2). These observations were confirmed by a

repeated measures ANOV A on the latencies of the P2b at three posterior leads with the

factors Emotion (happy vs. fearful), Congruency (congruent vs. incongruent pairs) and

Electrode Position (left, mid-line or right): the analysis only revealed a significant effect

of Congruency (F1,7= 7.68, P = .015) indicating that incongruent pairs (mean latency at

CPz = 248 ms) delayed the P2b component compared to congruent pairs (mean latency

at CPz = 220 ms). This congruency effect was not modulated by emotion.

·3
Nl

·2

., -Congruent
-Incongruent

200 300 400 500 600

Time(ms)

Figure 4.2. Grand averaged auditory waveforms at
CPz electrode measured during the presentation of
congruent and incongruent audio-visual stimulus
pairs (and corresponding topograhies at 224 ms and
242 ms in the congruent and incongruent condition
respectively).
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The same statistical analysis carried out on the maximum amplitudes of the P2b

component revealed a significant effect of Electrode Position (F2.14 = 5.16, P = .02)

indicating that the amplitude of the P2b component was higher at the central electrode

than at the left (t7 = 2.74, P = .012) or right (t7 = 2.82, P = .014) electrode (the difference

between left and right electrode being non-significant, t7< I).

The unconstrained source localization disclosed an origin in the cingulum for the

auditory P2b component (Figure 4.3) which was very stable for the early time window

(210-230 ms) of this component. At 216 ms, the mean coordinate (x is antero-posterior,

y is left-right and z is vertical) of the source in the realistic head shape model was 8.9x

O.5y 47.2 z (3% residual variance). At 226 ms, it was 8.8x 3.9y 46.1 z (3.9% residual

variance) and 6.1x 6.8y 44.1 z (4.7% residual variance) at 234 ms suggesting that the

dipole solution in the anterior cingulate cortex was quite steady within the time window

corresponding to the P2b component at the level of the scalp. During the 200-250 ms

time window, the overall correlation was 0.96 and the overall goodness of fit was 0.92

for the single dipole solution in the anterior cingulate cortex.

Figure 4.3. Coronal, axial and sagittal sections (and
corresponding topograhies on the horizontal axis) of
a normalised brain showing the single dipole
solution in the anterior cingulate cortex for 226 ms
time-window post stimulus.

A second source analysis performed during the 200-250 ms time-window with

the symmetry constraint and with two dipoles localized in the middle temporal gyrus (-

30x -SOy -IOz in the left hemisphere and -30x SOy -lOz in the right hemisphere)
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revealed a weaker solution than the single dipole solution in the anterior cingulate

cortex with an overall correlation of 0.86 and an overall goodness of fit of 0.73.

Moreover, this second solution was not stable within the 200-2S0 ms time-window.

Finally, a third source analysis was performed during the 200-2S0 ms time-

window (to be fit to the P2b distribution) with the symmetry constraint only which

allows for some movement of one pair of dipoles. This revealed again a weaker solution

(overall correlation of 0.87 and an overall goodness of fit of 0.74) than the single dipole

solution in the anterior cingulate cortex. In this latter case, the two dipoles were

localized in the inferior frontal gyrus (Brodmann area 4S, 2Sx -SOy 7z in the left

hemisphere and 2Sx SOy 7z in the right hemisphere).

4.5 Discussion

A detailed analysis of the auditory waveforms at posterior leads suggest the existence of

a positive deflection following the NI-P2 complex and labeled here the P2b component

(the present P2b is not equivalent to the brainstem auditory response known in the older

literature as the P2b, Donchin, 1979). Interestingly, we demonstrated that congruent

face-voice trials elicit an earlier P2b component than incongruent trials suggesting that

the processing of auditory words is delayed when performed in the presence of an

incongruent facial context.

At the electrophysiological level, the P2b component follows the auditory P2

component with a more posterior topography and is thought to represent the perceptual

integration of the auditory fragment with the concurrent facial context. The temporal

and topographical properties of the P2b component suggest that this component does

not overlap with later EEG components (e.g., the N2-P3 complex) known to be

involved in cognitive processes at later decisional stages. Three arguments allow us to

conclude that the P2b component does not overlap with the P3 component and that the

P2b component is not a P3 component with an earlier time-course. A detailed analysis

of the waveforms and topographies suggests that the P2b component clearly precedes

the putative N2-P3 complex (see Figure 4.1). A passive task was used and this

manipulation is less appropriate to yield a N2-P3 complex in the EEG than overt

responses. Finally, we did not use the classical oddball paradigm used in

neurophysiology to elicit in the EEG a clearcut P3 component.

The P2b component and its generator in the anterior cingulate cortex are partly

similar to another late positive potential occuring in the auditory modality (as well as
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the visual modality) and known in the litterature as the error positivity (see Falkenstein,

Hoormann, Christm, & Hohnsbein, 2000 for a recent review) but the underlying

cognitive process at stake in the present study is quite different from the error detection

mechanisms indexed by the error positivity. The error positivity is an ERP component

on reaction errors which is subsequent to the error-related negativity. Our results are

also consistent with recent studies based either on functional magnetic resonance

imaging (Calvert et al., 2000) and on magnetoencephalography (Raij et al., 2000)

reporting that the phonemic (auditory) and graphemic (visual) counterparts of

alphabetical letters converge around 200 ms within the Superior Temporal Sulcus.

Source localisation carried out on the time-window of the P2b component

disclosed a single dipole solution in the anterior cingulate cortex, an area known to be

selectively implicated in processing congruency or conflict between stimuli (MacLeod

& MacDonald, 2000). The contribution of anterior cingulate cortex in dealing with

congruency has been shown in many previous brain imaging studies (Cabeza & Nyberg,

2000). The present results are compatible with involvement of the cingulate cortex in

face-voice pairing around 220 ms. The specific anatomical situation of the cingulate

cortex which is close and parallel to the median line may yield a single dipole solution

that better explains the corresponding scalp EEG than multiple dipoles solutions when

putative generators are localized in this region.

Here we showed that audio-visual integration of emotional stimuli is taking

place at perceptual stages during the auditory processing (i.e., around 220 ms post-

stimulus at posterior leads) and not at later decisional stages when modality-specific

processing is presumably completed as indexed by the N2-P3 complex. Nevertheless,

post-perceptual effects may also precede the occurrence of the N2 component. The

anatomical position of the estimated neural source for the P2b component (the anterior

cingulate cortex) is known to be also involved at some decisional stages of processing

(e.g., error monitoring). Further electrophysiological studies are needed to confirm the

perceptual locus of the P2b effect.

Previous studies suggested that audio-visual pairing was first manifested in the

scalp EEG at early stages (100 ms) by an amplitude increase of modality-specific

components (Giard & Peronnet, 1999; Pourtois et al., 2000). In the present study, we

have not shown any modulation in amplitude of the auditory N I component as

previously found (de Gelder et al., I999a; Pourtois et aI., 2000) since we used a

different methodology which may be less appropriate than the oddball procedure to
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investigate early amplitude effects (Nataanen, 1992) and we specifically assessed

whether a facial expression could also influence the latency of the concurrent auditory

process at a later stage. Our previous EEG studies did not show changes in the latency

parameter of the auditory components but they used a different design (an oddball

design), different auditory materials and only negative emotions. Early amplitude

effects in the auditory modality are probably followed within a later time-window (240

ms) by the appearence of components (like the P2b component) characterized as

sensitive to the content of the audio-visual pairs.

In this respect, the perception of multi modal events would be manifested in the

EEG by an amplification process going on in modality-specific cortices (like the

secondary auditory cortex or the extra-striate visual cortex) as well as by the activation

of a cortical network (including cortical areas such as the posterior parietal cortex and

the middle temporal gyrus) characterized as multi modal (Stein & Meredith, 1993;

Mesulam, 1998).



Chapter 5

Time-course of audio-visual interaction of prosodic vs. semantic

pairings: an ERP study
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5.1 Abstract

When listening to speech a number of processes take place among which

comprehension of lexical meaning and of "affective prosody" or affective tone of voice

occupy an important place. Previous studies from our group have shown that affective

prosody interacts with visual information from a face expression presented

simultaneously. Here we asked whether this interaction is specific for the pairing of

affective prosody and face expression or whether a similar interaction would also occur

between comprehension of a spoken word with an affective meaning. For this purpose

we compared prosodic (face cum affective prosody) and semantic pairings (face cum

lexical meaning). We recorded event-related potentials (ERPs) to visual (V), auditory

(A) and audio-visual (AV) trials while subjects performed an irrelevant gender

discrimination task. AV presentations elicited higher exogenous ERPs than A+V

presentations for both types of pairings but our results also indicated that the time

course of semantic pairings differs from that of prosodic pairings. Amplification of the

ERPs was already observed around 80 ms in the prosodic condition whereas this

amplification effect was taking place later (around 180 ms) in the semantic condition.

These results suggest different processes underlying the audio-visual interaction of

semantic and prosodic pairing.

5.2 Introduction

When presented with a facial expression combined with a congruent tone of voice

observers are biased in their categorisation of the face expression suggesting that they

automatically integrate the two information streams into a single percept (de Gelder et

aI., 1995; Massaro & Egan, 1996; de Gelder & Vroomen, 2000a). Subsequent studies

have focussed on some of the properties of this phenomenon. MPA is likely to be

mandatory, automatic and independent of attentional resources (Vroomen et aI., 200 I).

The latter finding is consistent with the notion that attention (either endogenous or

exogenous) is not itself the basis of inter-sensory integration (Bertelson et aI., 2000;

Vroomen et aI., 2001; McDonald et aI., 2001 for a discussion).

Previous electrophysiological studies of audio-visual affect perception (de

Gelder et aI., 1999a; Pourtois et aI., 2000, in press) suggested that the time-window

during which this interaction presumably takes place is before 200 ms post-stimulus

onset. The electrophysiological correlate indicative of multi-sensory integration consists

in an amplification of early modality-specific components such as the exogenous
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auditory NI component. At a later stage around 200 ms post-stimulus an incongruent

facial expression influenced the time-course of the auditory processing as indexed by a

delayed exogenous auditory P2 component. These results suggest early interaction

effects for multi-sensory perception of affective and are indicative of an effect at

perceptual stage as opposed to post-perceptual or decisional stages.

Recent fMRI data provide information about the neuro-anatomical

implementation of this process. A fearful face binds with a concurrent fearful voice and

this binding is reflected by an increase of the BOLD contrast within the amygdala and

the fusiform gyrus (Dolan et aI., 200 1). This observation has been corroborated by a

second brain imaging study using positron emission tomography (Pourtois, de Gelder,

Bol, & Crommelinck, submitted). In this study, a rCBF increase was observed within

the middle temporal gyrus in the left hemisphere for audio-visual stimulus pairs (either

happy or fearful) when compared to unimodal stimuli (whether visual or auditory). The

middle temporal gyrus is a heteromodal cortical region of convergence between the

visual and the auditory modality (Damasio, 1989; Mesulam, 1998). Both the fMRI and

PET study suggest that multi-sensory perception of affect is reflected in the brain by the

activation of anatomical convergence regions (such as the amygdala and the middle

temporal gyrus) as well as by the activation of modality-specific cortex (such as found

in the fMRI study for the fusiform gyrus).

Among the questions raised by this new example of multi-sensory perception

one concerns the issue of specificity. Speech comprehension is a complex cognitive

skill that requires the processing of semantic, syntactic and prosodic information.

Current models of word comprehension postulate a multi-level organisation of speech

comprehension in which lexical recognition and affective prosodic analyses are largely

achieved in parallel (see Garrett, 1995 for a review). At some of these levels like for

example the lexical one, interactions with information from other sensory modalities

might occur. Is there something special to pairing of affective prosody and facial

expression or might some or all of the effects just summarised also obtain if the auditory

component of the pairing would be a lexical word that was semantically but not

prosodically congruent with the face expression? For example, would a cross-modal

effect also obtain when an angry face is accompanied by the spoken word 'angry'? In

the present study, we focussed our investigation on these two aspects that are important

for a better understanding of cross-modal affect perception, the affective prosody
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component and the component made up by word meaning, in this case the meaning of

emotion terms, which we refer to as the semantic component.

Only few electrophysiological studies have investigated affective prosody in

isolation (Pihan, Altenmuller, & Ackermann, 1997; Imaizumi, Mori, Kiritani, Hosoi, &

Tonoike, 1998). These studies suggest that recognition of prosody compared with

recognition of word meaning yields more activation in the right than in the left

hemisphere. But no data are available about recognition of affective as contrasted with

word meaning. These studies did not provide much information about the time-course

of affective prosody but predominantly focussed on frequency or topographical analyses

of the EEG. Recent fMRI study (Buchanan, Lutz, Mirzazade, Specht, Shah, Zilles, &

Jancke, 2000) confirmed a preferential involvement of the right hemisphere for

emotional prosody (George, Parekh, Rosinsky, Ketter, Kimbrell, Heilman, Herscovitch,

& Post, 1996) and in particular the right inferior frontal lobe.

In contrast, there are many EEG studies that have tried to elucidate the time-

course of semantic processing in isolation (for a recent review, see Hinojosa, Martin-

Loeches, & Rubia, 2001). The majority of these studies suggests that semantic

processing is likely to take place at a relatively late time-window, such as found for the

amodal N400 component. But little is known about the moment in time both types of

auditory information could interact with a concurrent congruent visual information. In

particular, we still do not know if an early audio-visual interaction (before 200 ms post-

stimulus) could also be observed for the pairing of a spoken emotion word with a face

such as previously found for the pairing of voice prosody with a face. Moreover, if the

interaction of a spoken word with a face is also early in time, we have to assess to which

extent it may be differentiated from that observed with face/prosody pairings.

To address this issue, we compared these two pairings and studied the time-

course of prosodic (face cum affective prosody) vs. semantic pairing (face cum word

meaning) using the high temporal resolution of EEG recordings. We chose an indirect

procedure in which the influence of a word presented in the auditory modality on the

concurrent stimulus processing presented in the visual modality is measured. For each

condition (prosodic vs. semantic) three modalities of presentation were used: visual,

auditory (affective tone of voice vs. emotional spoken word) and audio-visual

(face/voice pairings in the prosodic condition vs. face/word pairings in the semantic

condition). In order to observe significant periods of audio-visual interactions at the

level of the scalp, we adopted a methodology used in previous neurophysiological
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studies (see Stein & Meredith, 1993; Barth et aI., 1995; Calvert, 2001; Schroger &

Widmann, 1998; Giard & Peronnet, 1999; Foxe, Morocz, Murray, Higgins, Javitt, &

Schroeder, 2000). It is based on the premise that responses to auditory and visual

components processed by unimodal neural structures will summate linearly. The

assumption then is that brain activity indicative of multi-sensory integration is different

from the sum of brain activity obtained for visual and auditory constituents. This

methodology requires comparing the activity for audio-visual (AV) trials with the

summed activity of visual (V) and auditory (A) trials (A+V). Multi-sensory integration

is defined as the difference between these two conditions. Difference can be found for

two opposite reasons: either audio-visual responses are larger than the summed

responses (amplification process) or the other way around (reduction process). Violation

of this linearity is considered as an indication of multi-sensory interaction (Stein &

Meredith, 1993; Barth et aI., 1995).

In order to avoid response bias and to reduce the role of awareness of the

secondary stimulus dimension a gender discrimination task was chosen. As information

in the bimodal presentations is redundant, subjects might have a visual response bias

(see Hess, Kappas, & Scherer, 1988 for a visual dominance with affective audio-visual

pairs) or could adopt the strategy to attend to the easiest modality of presentation. This

task is neutral with respect to the main independent variables manipulated, the modality

of presentation and the type of audio-visual pairing (prosodic or semantic). The gender

task provides similar behavioural responses across the different conditions and

modalities. Since the primary dependent variable analysed in this study is event-related

brain potentials with a focus on early effects, this task offers the best chance to avoid

possible confounds in the interpretation between activities of interest reflecting multi-

sensory interaction and task-related activities (see Morris, Frith, Perrett, Rowland,

Young, Calder, & Dolan, 1996; de Gelder, Pourtois, & Weiskrantz, in press).

Based on previous results, we had two a-priori hypotheses. The first was that

AV waveforms should show amplitude increase compared to A+V waveforms in both

experimental conditions. Previous EEG and MEG studies have already shown that

audio-visual responses are larger than the summed responses of visual and auditory

trials (see Calvert, 2001 for a recent review). We therefore expected larger brain

responses to audio-visual trials than to the sum of visual and auditory trials in both

conditions. However, based on existing studies of semantic processes (see Hinojosa et

aI., 200 I for a recent review) and of prosodic ones (see Ross, 2000 for a recent review)
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we also expected to observe differences in the time-course of this amplification process

between the two conditions. We predicted that the time-course between pairing based

on prosody and that based on semantics would be different and that signals indicative of

interaction in the prosodic condition would be earlier than in the semantic condition.

5.3 Methods

Subjects

Fourteen right-handed subjects (6 female, mean age: 22) were tested and paid for their

participation. All subjects were native French speakers. They had no history of

neurological problems and had normal hearing and normal (or corrected to normal)

vision.

Stimuli

The emotion anger and fear were used. Only negative emotions were selected in order

to rule out possible confounds in the event-related potential (ERP) results between

valence of emotion (positive vs. negative) and the independent variables.

Visual materials consisted of 12 black and white static pictures from the Ekman

series (Ekman & Friesen, 1976). Six personal identities (3 male and 3 female) were

used. For each of them a fearful and an angry pose was selected, yielding a total of 12

pictures. Mean size of the visual stimuli was 5-cm width by 7-cm height.

Auditory materials consisted of two sets of 12 spoken word tokens. The set

corresponding to the prosodic condition was prepared as follows. Twelve semi-

professional actors were instructed to pronounce a neutral sentence in French (Ills·

voyagent en avion/ meaning !They are travelling by plane/) in an angry and a fearful

tone of voice. The sentences were recorded on a OAT recorder and subsequently

digitised and amplified (using SoundEdit 16 1.0 b4 running on Macintosh). From each

sentence the three first words were excised leaving only the last word /avion/ to be used

in the audio-visual pairings. In a pilot study, the 24 tokens (12 actors x 2 tones of voice)

of the target word were presented to 8 volunteers (4 of each sex), none of whom later

participated in the experiment. They were instructed to label each fragment as "angry",

"fearful", or "donl know". The three best actors of each gender were selected on the

basis of correct recognition scores (mean 87% correct). The resulting 12 auditory tokens

(six actors, 3 male and 3 female, pronouncing /avionl in either an angry or fearful tone
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of voice) were used as auditory materials in the prosodic condition. Mean duration of

the spoken words was 360 ms.

Stimulus pairs of the semantic condition (12 tokens, 6 actors x 2 words) were

obtained as follows. The actors (3 male and 3 female) selected for the prosodic

condition have been asked to pronounce with a neutral tone of voice the emotional word

langryl and Ifearful! in French (Irachel and Ipeurl respectively). The words were

recorded on a DAT recorder and subsequently digitised and amplified (using SoundEdit

16 1.0 b4 running on Macintosh). Mean duration of the spoken words was 435 ms.

Audio-visual stimuli consisted of the combination of the spoken words with

facial expressions. There were two experimental conditions. The nature of the

relationship between the auditory and visual channel could be either found at the

prosodic level (prosodic condition) or at the semantic level (semantic condition).

Pairings respected gender and emotion. Simultaneous onset and offset between the

visual and auditory channel were used.

Procedure

Subjects were seated in a dark shielded room at a distance of 60 em away from the

screen with the head restrained by a chin rest. They were presented with 5 stimulus

blocks in random order (see Figure 5.1 for an example of the different blocks for the

category fear). Each block consisted of 168 trials (12 stimuli x 14 repetitions). In all

blocks, the interval between two stimuli was kept constant (1000 ms). In the first block

(visual block) facial expressions were randomly presented on a 17-inch screen for 500-

ms. Visual angle was 4.7 by 6.7 degrees. In the second block (prosody block), spoken

words with an emotional tone of voice were randomly presented for 360 ms on average.

In the third block (semantic block), spoken words were randomly presented for 435 ms

on average. In the fourth block (audio-visual prosody block), facial expressions paired

with spoken words conveying a congruent emotional prosody were presented for 360

ms on average. In the fifth block, facial expressions paired with congruent emotional

spoken words were presented for 435 ms on average. In the audio-visual blocks, the

visual stimulus was presented for the duration of the spoken word. Sounds were

delivered at a mean sound level of 72 dB through a loudspeaker placed centrally

immediately above the screen in front of the participant.
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Figure 5. J. Example of the different blocks for the category
fear. Five conditions were presented: visual, auditory
prosodic, auditory semantic, audio-visual prosodic and
audio-visual semantic.

..

The task of the subjects was to judge for each trial the gender of the speaker.

Subjects were instructed to pay attention to the gender of the speaker either from the

face (in the visual and audio-visual blocks) or from the voice (in the two auditory

blocks).

ERP recording

EEG was continuously acquired at a sampling rate of 500 Hz from 64 tin scalp

electrodes using a nose reference (Neuroscan Inc.). Electrodes were mounted in a cap

and located according to an extended version of the 10-20 international system (electro-

cap). EEG was amplified with a gain of 30K and bandpass filtered at 0.01 - 100 Hz.

Horizontal and vertical electro-oculogram (EOG) were monitored using four facial

bipolar electrodes placed on the outer canthi of the eyes and in the inferior and superior

areas of the orbit. Electrode impedance was kept below 5 kn. After removal of EEG

and EOG artefacts (epochs with EEG or EOG exceeding ± 70 f.!Vwere excluded from

the averaging), epoching was made 100 ms prior to stimulus onset and for 924 ms after

stimulus presentation. Data were low-pass filtered at 30 Hz.
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Data analyses

Behavioural effects in accuracy and latency were assessed using repeated measures

analyses of variance (ANOV As).

We first assessed the presence in the ERPs of periods of audio-visual interaction

within the 0-500 ms time-window using the procedure of analysis (Barth et al., 1995)

based on the following formula [AV=A+V+(AxV)]. This analysis was made for 9

electrodes with a central scalp distribution, distributed equally in the left and right

hemisphere (C3A, CzA, C4A, C3, Cz, C4, C3P, PzA and C4P). The choice of these

electrodes was motivated by the fact that visual, auditory and audio-visual trials elicited

reliable exogenous components at these scalp locations. Audio-visual interactions were

quantified separately for the two conditions (prosodic vs. semantic) by subtracting the

sum of the responses to the unimodal stimuli (A+V) from the responses to audio-visual

stimuli (AV). The presence of significant effects was assessed using Student paired t-

tests (amplitude of the difference wave compared to zero) computed for each time

sample at each electrode. We considered as significant interaction effects the spatio-

temporal patterns that had a stable topography with significant amplitude changes at

different electrode positions for 15 consecutive samples (Rugg, Doyle, & Wells, 1995).

Next, statistical analyses were carried out on the mean amplitude of three

identifiable exogenous ERPs occurring during the 0-300 ms time-window with audio-

visual presentations. The first component has been called the N I (a negative deflection

occurring 100 ms post-stimulus), the second the P2 (a positive deflection following the

N 1 and occurring around 200 ms) and the third the N2 (a second negative deflection

occurring around 250 ms). We systematically assessed the presence of a significant

amplitude effect for each component by comparing the sum of the responses to the

unimodal stimuli (A+V) with the response to audio-visual stimuli (AV). These analyses

were realised to complement the t-test analysis and to shed light on the accurate time-

course and direction (either a decrease or increase in amplitude with audio-visual

presentations) of the interaction effects. For each experimental condition and for the

same 9 electrode positions, the N I, P2 and N2 components were measured relative to a

100 ms pre-stimulus baseline and assessed using repeated measures Analyses of

Variance (ANOV As). Post-hoc t-tests were also carried out for each electrode position.
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5.4 Results

Behavioural Results

We expected lower accuracy and slower RTs with auditory trials than visual or audio-

visual trials (see Ellis, Jones, & Mosdell, 1997) and this was confirmed by several

statistical analyses. For each experimental condition (either prosodic or semantic), error

rates and RTs for correct responses were analysed using a repeated measures analysis of

variance (ANOV A) with 2 within-subject factors: Modality (Visual, Auditory or Audio-

visual) and Emotion (Anger vs. Fear). The analysis revealed the same pattern of results

in the prosodic and in the semantic condition, with higher accuracy and faster RTs in

the visual and audio-visual modalities compared to the auditory modality.

Table 5.1. Behavioural results. Mean RTs in ms and mean error
rates in % (SDs in parentheses) for the five conditions.

Fear

Visual Auditory Auditory Audio-visual Audio-visual

(prosodic) (semantic) (prosodic) (semantic)

541.5 (122.9) 633.3 (103) 695 (100.3) 537.8 (103.1) 595.5 (117.2)
1.7(2.1) 2.7(3.7) 2.1 (4.7) 104(1.1) 1.3(104)

544.6 (126.2) 636.1 (97.2) 641.3 (84.6) 541.3 (110.3) 552.3 (lOlA)
2.3 (2.7) 104 (1.7) 5.2 (7.7) 1.3 (\.7) 1.9 (2.7)

Angry

For the prosodic condition (Table 5.1), the ANOV A carried out on the error rates

did not disclose any significant effect (Table 5.1). However, one of the post-hoc t-test

was significant and indicated that subjects made less errors in the audio-visual modality

than in the auditory modality (tl3 = 2.1, P < .05). The ANOV A carried out on the mean

RTs disclosed a significant effect of Modality (F2,26= 9.72, P < .001) indicating slower

RTs in the auditory modality than in the visual (tl3 = 3.75, P < .001) or the audio-visual

modality (tl3 = 3.89, P < .001). The difference between visual and audio-visual trials is

not significant (tl3 < .2).

For the semantic condition (Table 5.1), the ANOV A carried out on the error

rates disclosed a significant effect of Emotion (F 1.13 = 11.46, P < .005). This effect

indicated a better performance with angry trials than with fearful trials.
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The ANOV A carried out on the mean RTs disclosed a significant effect of

Modality (F2,26 = 12.56, P < .001) indicating slower RTs in the auditory modality than in

the visual (tl3 = 4.81, P < .001) or audio-visual modality (tl3 = 3.63, P < .00 I). The

difference between visual and audio-visual trials is not significant (tl3 = 1.19, NS), a

significant effect of Emotion (F),13 = 32.82, P < .001) indicating slower RTs for angry

trials than fearful trials, and a significant interaction Modality x Emotion (F2.26= 22.11,

P < .001). This interaction was explained by the fact that for the visual modality only,

the difference between angry and fearful trials is not significant (tu < 0.5). The

difference between the two emotions is significant for the auditory (tl3 = 8.35, P <

.001) and the audio-visual modality (tl3 = 6.73, P < .001).

ERP Results

Pai red t -tests

There were three distinct significant periods of audio-visual interaction (Figures 5.2 -

5.3) within the 0-500 ms time-window post-stimulus, for both conditions.

Results indicate a first period of interaction occurred between 60 and 100 ms, a

second between 160 and 200 ms and a third between 370 and 470 ms. Looking at the

exact time-course in the corresponding waveforms, it is clear that the first two periods

of interaction correspond to an increase in amplitude of early exogenous components

(N I, P2 and N2) elicited with audio-visual trials (see component analyses below)

between 0 and 300 ms at central leads. The situation is different for the third period of

interaction that corresponds to a decrease in amplitude with audio-visual trials of a late

amodal endogenous component (P3b).

Although these periods of audio-visual interaction could be detected for the two

conditions, the first early period of audio-visual interaction (60-100 ms post-stimulus)

was clearly larger in the prosodic condition than in the semantic condition suggesting

stronger interaction effect between a voice and a face than between a word and a face at

that time window (Figures 5.2 - 5.3).
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Figure 5.2. Statistical significance of the interaction effects in
the prosodic condition at 9 electrodes between 0 and 500 ms
post-stimulus (student t-tests comparing the amplitude of the
difference waves [A V- (A+ V)} against zero at each latency). The
distribution of the significant effects suggests the existence of
three different interaction patterns (60-100 ms, 170-200 ms and
370-500 ms). Blank colour indicates a non-significant p-value,
light grey colour a p value<.05, dark grey p<.Ol and black
p<.OOl.
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Figure 5.3. Statistical significance of the interaction effects in
the semantic condition at 9 electrodes between 0 and 500 ms
post-stimulus (student t-tests comparing the amplitude of the
difference waves fA V- (A +V)} against zero at each latency). The
distribution of the significant effects suggests the existence of
two different interaction patterns (170-200 ms and 370-500 ms).
Blank colour indicates a non-significant p-value, light grey
colour a p value<.05, dark grey p<.Ol and black p<.OOl.
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Audio-visual interaction effects around 80 ms are marginally significant in the

semantic condition whereas there were highly significant during the same time period in

the prosodic condition. However, later on this pattern was reversed with larger period of

audio-visual interaction in the semantic condition than in the prosodic condition (see the

second period between 160 and 200 ms post-stimulus). The audio-visual interaction

period was clearly larger in the semantic condition than in the prosodic condition

between 160 and 200 ms post-stimulus as well as between 370 and 470 ms post-

stimulus.

Another important observation that can be made from the student t-maps

(Figures 5.2 - 5.3) is that in the prosodic condition (whatever the moment in time

between 0 and 500 post-stimulus when there was a significant audio-visual interaction

effect in that condition), the influence of the auditory channel on the visual channel was

more important for electrodes located in the right hemisphere (C4A, C4 and C4P) than

electrodes located in the left hemisphere (C3A, C3 and C3P). There was thus a right

hemispheric dominance for the prosodic parings that was not observed for the semantic

pairmgs,

Finally, the student t-maps (Figures 5.2 - 5.3) revealed that both the first and

third period of audio-visual interaction exhibited a more posterior topography (with the

effect being larger at C3P, PzA and C4P than C3A, CzA and C4A) than the second

period of interaction. In this latter case, the audio-visual interaction effect was equally

distributed across the two cerebral hemispheres.

Components analyses

Analyses of variance (ANOV A) were carried out on the mean amplitude of three

consecutive peaks (NI, P2 and N2) for 9 adjacent electrodes (C3A, CZA, C4A, C3, CZ,

C4, C3P, CZP et C4P) and with 5 within subject factors: Condition (Prosodic vs.

Semantic), Modality (AV vs. A+V), Emotion (Anger vs. Fear), Anteriority (Anterior,

central or posterior) and Laterality (Left, middle or right). We only reported significant

effects of Condition, of Modality or of Emotion, or significant interactions with these

variables. Analyses were only carried out on the mean amplitude values and not on the

mean latency values since audio-visual effects were only manifested by amplitude

changes. Latency changes, when observed, could always be explained by amplitude

differences.
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NI

The ANOYA revealed a significant effect of Condition (FU3 = 16.67, P < .005), a

significant interaction Condition x Emotion (F1,13= 29.1, P < .001], a significant

interaction Condition x Anteriority (F2,26 = 5.44, P < .05), a significant interaction

Emotion x Anteriority (F2.26 = 3.72, P < .05), a significant interaction Emotion x

Anteriority x Laterality (F4,52 = 4.2, P < .01). The interaction Condition x Modality x

Anteriority almost reached significance at p<.05 (F2,26 > 2).

CZa

~. '.'

Figure 5.4. Grand-average ERPs (prosodic condition) elicited by
audio- visual stimuli (black) and the sum of unimodal stimuli (A + V,
blue) at five electrodes. The difference wave fA V- (A + V)] is
represented in red. Three exogenous components are generated:
N] (100 ms), P2 (200 ms) and N2 (250 ms). At later latencies, all
stimuli elicit a broad P3b component, which is larger for the sum
of unimodal stimuli than the audio-visual stimuli. The latency for
the N] topography is 100 ms, 200 ms for the P2, 240 ms for the N2
and 400 ms for the P3. For each topographical map (N], P2, N2
and P3b), the time interval is 20 ms and the amplitude scale goes
from -/0# V (blue colour) to + /0# V (red colour).

In the prosodic condition (Figure 5.4 and Table 5.2), the 2 (Modality) x 2

(Emotion) x 3 (Anteriority) x 3 (Laterality) ANOY A revealed a significant effect of
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Emotion (F1.I3 = 8.47, p < .05), and a significant interaction Emotion x Anteriority (F2.26

= 3.97, p < .05) indicating that the amplitude was higher for central compared to

anterior or posterior electrodes and that this effect was larger for angry trials than

fearful trials. Moreover, post-hoc t-tests showed that for 6 out of 9 electrode positions,

audio-visual trials generated a higher N I component than the sum of auditory and visual

trials. This effect was significant for C4A (tl3 = 2.5, P < .05), CZ (tl3 = 4.61, P < .001),

C4 (tI3 = 2.2, P < .05), C3P (t13= 2.2, P < .05), PZA (tl3 =3.98, P < .001) and C4P (tn =

2.79, P < .01).

In the semantic condition (Figure 5.5 and Table 5.3), the ANOY A disclosed a

significant effect of Emotion (FI,n = 10.7, P < .01), a significant interaction Emotion x

Anteriority (F2,26= 3,92, P < .05), and a significant interaction Emotion x Anteriority x

Laterality (F4,52= 5.37, P < ,005), Unlike the prosodic condition, none of the 9 post-hoc

t-tests was significant in the semantic condition,

P2

The 2 (Condition) x 2 (Modality) x 2 (Emotion) x 3 (Anteriority) x 3 (Laterality)

ANOYA revealed a significant effect of Condition (F1.13= 21.6, P < .001), a significant

effect of Modality (FI,n = 9.18, P < .0 I), a significant interaction Modality x Anteriority

(F2,26= 5.44, P < .05), a significant interaction Condition x Laterality (F2,26= 5,31, P <

.05), a significant interaction Condition x Emotion x Anteriority (F2,26= 4.88, P < .05)

and a significant interaction Condition x Modality x Laterality (F2,26= 3.8, P < .05).

In the prosodic condition (Figure 5.4 and Table 5.2), the the 2 (Modality) x 2

(Emotion) x 3 (Anteriority) x 3 (Laterality) ANOY A revealed a significant effect of

Modality (FLl3 = 4.6, P = .05), a significant interaction Modality x Anteriority (F2,26=

5.1, P < .05) indicating that the amplitude increase for the P2 component with audio-

visual trials was larger for central and posterior electrodes than for anterior electrodes.

This analysis also revealed a significant interaction Emotion x Laterality (F2,26 = 7.38, P

< .005), For all the 9 electrode positions, post-hoc t-tests showed that audio-visual trials

generated a higher P2 component than the sum of visual and auditory trials: for C3A (t13

= 6.7, p < ,001), CZA (tn = 6,74, P < .001), C4A (tl3 = 2.59, P < .05), C3 (tl3 = 8.92, P <

.001), CZ (tI3 = 8.7, P < ,001), C4 (tl3 = 5.4, P < .001), C3P (tn = 12.55, P < .001), PZA

(tl3 = 14.76, P < .001) and C4P (tn = 10.12, P < ,001).

In the semantic condition (Figure 5,5 and Table 5.3), the outcome was

comparable. The ANOYA revealed a significant effect of Modality (FI.n = 14.01, P <
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.005), and a significant interaction Modality x Anteriority (F2,26 = 3.45, P < .05)

indicating that the amplitude increase for the P2 component with audio-visual trials was

larger for central and posterior electrodes than for anterior electrodes.

CZa

Figure 5.5. Grand-average ERPs (semantic condition) elicited
by audio-visual stimuli (black) and the sum of unimodal stimuli
(A+V, blue) at five electrodes. The difference wave fA V-(A+ V)]
is represented in red. Three exogenous components are
generated: N] (l00 ms), P2 (200 ms) and N2 (250 ms). At later
latencies, all stimuli elicit a broad P3b component, which is
larger for the sum of unimodal stimuli than the audio-visual
stimuli. The latency for the N] topography is ]00 ms, 200 ms for
the n, 240 ms for the N2 and 400 ms for the P3. For each
topographical map (N], P2, N2 and P3b), the time interval is 20
ms and the amplitude scale goes from -lOp V (blue colour) to
+]OpV (red colour).

Likewise, for all the 9 electrode positions, post-hoc t-tests showed that audio-

visual trials generated a higher P2 component than the sum of visual and auditory trials:

for C3A (tI3 = 5.89, P < .00\), CZA (t13= 8.46, P < .001), C4A (tl3 = 7.49, P < .001), C3



Audio-visual interaction of prosodic vs. semantic pairings 99

(t\3 = 8.5, p < .001), CZ (t\3 = 10.95, P < .001), C4 (t\3 = 10.21, P < .001), C3P (t\3 =

9.96, p < .001), PZA (t\3 = 13.6, P < .001) and C4P (tu= 13.85, p < .001).

Table 5.2. Mean amplitude (in uv) and mean latency (in ms) for
the three components (Nl-P2-N2) in the prosodic condition (A V
and A+V).

NI P2 N2

Electrodes mean SO mean SO mean SO

C3A Amplitude -6,11 2,80 5,14 3,61 -5,01 2,54
Latency 116,93 10,00 170,36 13,92 258,21 17,22

CZA Amplitude -7,57 3,59 7,39 4,12 -6,09 3,36
Latency 114,79 7,59 169,93 12,93 260,29 16,56

C4A Amplitude -6,24 2,88 6,50 3,35 -4,08 2,61
Latency 118,43 8,47 170,79 14,92 256,71 16,28

C3 Amplitude -7,76 3,27 7,02 5,35 -4,27 2,51
Latency 115,93 7,73 175,50 12,54 255,36 14,75

Prosody (A V) CZ Amplitude -10,07 3,77 10,45 5,54 -6,02 3,49
Latency 113,86 5,63 172,14 13,23 260,21 15,67

C4 Amplitude -7,38 2,81 8,94 4,30 -2,69 2,70
Latency 115,43 7,14 174,71 13,51 254,71 14,11

C3P Amplitude -7,79 3,08 8,02 5,67 -2,53 3,11
Latency 118,57 7,09 179,57 13,14 255,00 16,63

PZA Amplitude -9,46 3,94 11,37 5,82 -2,92 3,91
Latency 115,07 6,63 175,71 14,51 256,64 ]5,70

C4P Amplitude -6,85 3,44 9,96 4,89 -0,28 2,88
Latency 116,50 8,87 178,21 14,62 254,07 16,02

NI P2 N2

Electrodes mean SO mean SO mean SO

C3A Amplitude -6,04 2,60 3,88 3,97 -5,43 3,50
Latency 109,57 14,31 171,64 16,64 255,14 19,23

CZA Amplitude -7,47 3,10 6,13 5,07 -5,67 4,66
Latency 107,21 11,59 171,79 15,38 258,21 17,89

C4A Amplitude -5,72 3,06 6,02 4,91 -3,31 4,26
Latency 111,29 12,00 172,86 15,05 253,43 20,68

C3 Amplitude -7,61 4,09 5,35 6,61 -4,66 4,60
Latency 110,79 12,03 173,21 16,69 253,93 21,63

CZ Amplitude -9,09 4,26 8,81 7,22 -5,26 5,49
Prodosy (A +V) Latency 106,36 10,53 171,36 15,17 254,57 20,32

C4 Amplitude -6,81 3,69 7,93 6,47 -1,98 4,89
Latency 107,14 12,05 173,50 15.11 249,00 18,49

C3P Amplitude -7,24 4,35 5,66 7,26 -2,42 5,16
Latency 111,07 13,60 175,57 17,38 249,71 22,70

PZA Amplitude -8,45 4,95 8,59 7,10 -2,82 6,18
Latency 107,29 10,17 172,29 15,92 250,71 20,20

C4P Amplitude -6,01 4,83 8,05 6,69 -0,15 5,68
Latency 107,71 11,67 175,21 16,04 247,29 19,61
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Table 5.3. Mean amplitude (in J..lV) and mean latency (in ms) for
the three components (NI-P2-N2) in the semantic condition (A V
and A+V).

NI P2 N2

Electrodes mean SO mean SO mean SO

C3A Amplitude -5,03 2,26 3,41 2,20 -3,89 1,89
Latency 119,00 9,64 173,57 18,Q6 255,21 22,72

CZA Amplitude -6,17 2,37 5,32 2,66 -4,60 2,68
Latency 113,57 8,80 175,36 18,60 255,00 25,07

C4A Amplitude -4,62 2,30 5,17 2,44 -2,40 2,39
Latency 118,36 11,18 178,36 21,19 253,43 24,78

C3 Amplitude -5,79 2,89 4,65 4,06 -3,28 2,46
Latency 118,14 8,16 178,71 19,42 254,50 22,81

Semantic (AV) CZ Amplitude -7,40 3,05 7,85 4,42 -4,19 3,17
Latency 113,36 6,89 176,50 18,96 254,86 25,71

C4 Amplitude -5,16 2,49 7,19 3,71 -1,02 2,32
Latency 115,21 7,76 181,29 18,75 253,14 25,72

C3P Amplitude -5,73 3,43 5,65 4,51 -1,70 3,03
Latency 120,57 13,90 181,93 19,40 251,43 22,92

PZA Amplitude -6,90 4,11 8,34 4,81 -2,13 3,58
Latency 113,64 6,67 178,36 20,33 253,57 24,69

C4P Amplitude -4,50 3,52 8,16 4,32 1,10 3,29
Latency 117,14 12,55 186,71 21,18 249,64 25,26

NI P2 N2

Electrodes mean SO mean SO mean SO

C3A Amplitude -4,78 2,30 2,27 3,55 -4,88 3,80
Latency 116,57 12,91 170,86 19,69 258,71 22,09

CZA Amplitude -6,08 3,11 3,68 4,39 -5,29 4,82
Latency 110,36 10,65 171,00 19,81 256,79 22,97

C4A Amplitude -4,46 2,87 3,72 3,85 -3,37 4,84
Latency 111,64 11,93 171,43 20,79 257,36 23,39

C3 Amplitude -5,75 3,59 3,01 5,05 -4,24 4,81
Latency 117,86 11,42 172,50 19,95 256,79 24,44

CZ Amplitude -6,97 4,09 5,73 6,17 -4,67 5,99
Semantic (A+V) Latency 111,00 8,95 173,79 19,65 255,86 23,38

C4 Amplitude -4,93 3,30 5,22 5,27 -1,88 5,53
Latency 109,21 11,98 176,86 21,89 252,43 22,81

C3P Amplitude -6,03 3,99 3,72 4,98 -2,51 5,28
Latency 119,93 15,55 176,64 21,12 253,07 26,44

PZA Amplitude -6,61 3,70 5,70 6,30 -2,70 5,97
Latency 111,71 13,02 173,00 20,01 251,86 23,28

C4P Amplitude -4,40 3,99 5,48 5,63 -0,44 5,69
Latency 111,71 12,05 175,43 24,80 250,50 23,52
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N2

The 2 (Condition) x 2 (Modality) x 2 (Emotion) x 3 (Anteriority) x 3 (Laterality)

ANOV A revealed a significant interaction Condition x Emotion x Anteriority (F2.26 =
6.12, P < .01].

In the prosodic condition (Figure 5.4 and Table 5.2), the ANOV A disclosed a

significant interaction Emotion x Anteriority (F2.26 = 8.89, P < .005), a significant

interaction Modality x Emotion x Laterality (F2,26 = 5.95, P < .01) and a significant

interaction Modality x Anteriority x Laterality (F4.52 = 3.36, P < .05).
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Figure 5.6. Grand-average ERPs elicited by unimodal stimuli.
ERPs generated by prosodic auditory stimuli (blue), semantic
auditory stimuli (red) and visual stimuli (black) are represented
for five electrodes. Visual stimuli elicit aNI, VPP and N2
components. Auditory stimuli elicit aNI, P2 and N2
components. At later latencies, all stimuli elicit a broad P3b
component, which is larger for the visual stimuli than auditory
stimuli.

Post-hoc t-tests showed that for 5 out of 9 electrodes, audio-visual trials

generated a higher N2 component than the sum of visual and auditory trials: for C3A
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(t13= 2.1, P < .05), CZA (t13= 2.09, P < .05), C4A (tl3 = 3.81, P < .001), CZ (t13= 3.77,

P < .001) and C4 (t13= 3.5, P = .001).

In the semantic condition (Figure 5.5 and Table 5.3), the ANOVA did not reveal

any significant effect or interaction. Post-hoc t-tests showed that for 6 out of 9

electrodes, audio-visual trials generated a higher N2 component than the sum of visual

and auditory trials: for C3A (t13= 3.9, P < .001), CZA (t13= 2.74, P < .01), C4A (tl3 =
3.83, P < .001), C3 (t13= 3.8, P < .001), C4 (t13= 3.4, P < .005), C3P (t13= 3.23, P <

.005), PZA (t13= 2.25, P < .05) and C4P (t 13 = 6.08, p < .001).

5.5 Discussion

The goal of this study was to compare the audio-visual interaction of prosodic vs.

semantic pairings and to study their respective time-course using ERPs. We had two a-

priori hypotheses. The first was that, in both experimental conditions, AV waveforms

should show amplitude increase compared to A+V waveforms.

Our results clearly show that between 0 and 300 ms post-stimulus, AV

presentations generated higher early components than the sum of auditory and visual

presentations whatever the condition (prosodic vs. semantic). However, this early

amplification phenomenon is not homogenous nor is it similar across the two

experimental conditions. As predicted in our second hypothesis, the interaction between

auditory and visual brain responses is earlier in the prosodic condition than in the

semantic condition. Our data show an earlier interaction for the interaction of affective

prosody with face expression than for the interaction of word meaning with face

expression. Our results clearly showed that around 80 ms post-stimulus, processing of

affective prosody significantly interacts with facial expression perception whereas the

audio-visual interaction in the semantic condition occurs later, around 185 ms post-

stimulus.

The fact that emotional prosody interacts with facial expression as early as 80

ms post-stimulus is consistent with previous EEG data suggesting an early and

automatic mechanism responsible for the binding of these two input modalities (de

Gelder et al., 1999a; Pourtois et al., 2000; in press). These previous studies showed that

face and voice interacted early, during the time-course of stimulus perception and that

the cross-modal bias effect from the face to the voice was translated by an amplitude

effect occurring at the level of the auditory N I or MMN components both generated

between 100 and 200 ms post-stimulus onset.
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In both conditions AV presentations elicited higher ERPs than A+V

presentations around 185 ms post-stimulus. However, during that time-window, the

pattern starts to reverse and larger audio-visual interaction effects were observed in the

semantic condition compared to the prosodic condition. These observations were

confirmed by the statistical analyses carried out on the three early exogenous

components (N I-P2-N2) generated in both experimental conditions in response to

audio-visual presentations.

Interaction of an affective tone of voice with a facial expression was manifested

at the level of the scalp by the occurrence of three successive periods of audio-visual

interaction. Only two periods of audio-visual interaction have been shown in the

semantic condition. We have argued that these two first periods corresponded to the

amplification of different exogenous components generated in response to audio-visual

presentations compared to the sum of auditory and visual brain responses. Witbin tbe 0-

300 ms time-window, we could clearly identify three exogenous components in both

conditions: tbe N 1, the P2 and the N2. In the prosodic condition, when a significant

audio-visual interaction occurred between 0 and 300 ms it corresponded to an

amplification of the NI-P2-N2 components with audio-visual trials. This amplification

was only observed for the P2-N2 in the semantic condition.

The audio-visual NI component is probably reflecting in both conditions a

mixed neural activity in response to audio-visual perception between the auditory NI

component (Nataanen, 1992) and the visual N I component (see Figures 5.4 - 5.6). The

visual N1 component belongs to the P1-NI complex and has been described as the

counterpart at the vertex of the occipital PI component (Clark et al., 1995). Likewise,

the audio-visual P2 component was occurring during the time-window corresponding to

the auditory P2 component (Nataanen, 1992) as well as the VPP (Jeffreys, 1996) which

is generated in the visual modality in response to complex visual stimuli such as static

faces. This later positive deflection in response to audio-visual trials is probably a

mixed neural activity between these two modality-specific components (see Figures 5.4

- 5.6). It might therefore be the case that these exogenous audio-visual components

reflected either the amplification of early unimodal components (like the auditory NI

component or the VPP) or a new mixed neural activity specific to audio-visual

perception. The different analyses of the EEG we used here did not allow us to

unambiguously decide among these two different possibilities.
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This situation was completely reversed in the two conditions alike for the last

period of audio-visual interaction (occurring between 370 and 470 ms post-stimulus)

during which audio-visual trials led to decreased amplitude when compared to the brain

responses corresponding to A+V presentations. We did not provide the corresponding

peak analyses for this last audio-visual interaction period since we could not identify

any clear component within this time-window. The underlying mechanism for that late

period is quite different from the amplification mechanism at stake with audio-visual

presentations at an earlier time-window (Barth et aI., 1995). Our analyses are based on a

violation of the summative assumption (see Stein & Meredith, 1993; Giard & Peronnet,

1999; Calvert et aI., 2000).

The summative assumption indicates that the neural activities induced by the

multi modal stimulus is equal to the sum of the neural activities induced separately by

the auditory and the visual stimulus plus the putative neuronal activities induced

uniquely by multimodal stimulation. However, this assumption only holds at early

stages of stimulus processing (0-300 ms post-stimulus) during which post-perceptual or

decisional factors have a limited effect. During the 370-470 ms time-window, in both

conditions, the interaction was observed mainly for the posterior electrodes (C3P, PzA

and C4P) suggesting a centro-parietal topography for this effect. An analysis of the

latency, polarity, amplitude and topography of the different waveforms (Figures 5.4 -

5.6) at that time window (450-500 ms) suggested that this reversed audio-visual

interaction effect might be explained by an unspecific post-perceptual effect. This post-

perceptual effect was manifested at the level of the scalp by a late positivity with a

posterior topography (P3b component). The P3b component is an amodal component

related to late decisional stages (see Donchin & Coles, 1988). In the present experiment

using a gender discrimination task, a P3b was elicited around 500 ms whatever the

modality or the experimental condition (see Figures 5.4, 5.5 and 5.6). Moreover, the

P3b was larger for visual trials than for auditory trials (see Figure 5.6 for a direct

comparison). As a result, the addition of the visual and the auditory brain response has

therefore artificially led to a larger P3b component in the A+V waveform than AV

waveform (see Figures 5.4 and 5.5). If so, mechanisms responsible for this later audio-

visual interaction period are likely to be qualitatively different from the perceptual

mechanism responsible for the two earlier periods of audio-visual interactions during

which a clear amplification with audio-visual presentations was observed.
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An interpretation of our results based on the use of different cognitive strategies

in the prosodic or the semantic condition seems unlikely. The observed effects do not

appear to be due to different strategies since analysis of the behavioural data (Table 5.1)

suggested that the pattern of results between the two experimental conditions is

comparable. In both cases, we have observed slower RTs and decreased accuracy with

auditory trial than visual or audio-visual trials during the gender discrimination task.

Moreover the fact that these effects are perceptual (occurring between 0 and 300 ms

post-stimulus) is weakly compatible with the idea of strategic changes according to the

experimental condition. When they occur, such effects are usually observed at a later

time-window, when amodal response-related components (N2b and P3b) are generated.

Our results are consistent with previous EEG studies that have clearly shown

large amplitude effect on early exogenous components during the processing of audio-

visual stimuli with either an emotional content (de Gelder et aI., I999a; Pourtois et aI.,

2000, in press) or without (Giard & Peronnet, 1999). The first two periods of audio-

visual interaction (occurring during the 60-100 ms and 160-200 ms post-stimulus) have

already been found in a previous EEG study focussed on the perception of geometrical

shapes combined with tone bursts (Giard & Peron net, 1999). Our results are also

compatible with a previous magnetoencephalography study (Raij et aI., 2000) in which

letters were presented concurrently in the phonemic (auditory) and graphemic (visual)

format. Raij and collaborators (2000) found that audio-visual integration of alphabetical

letters was early, around 200 ms and probably located in the superior temporal sulcus.

The fact that the influence of affective prosody on facial expression perception is

earlier than that of emotional semantic can not be explained simply by the 75-ms

difference in duration between the spoken words in the prosodic (mean duration: 360

ms) and the semantic condition (mean duration: 435 ms). Spoken words in the prosodic

condition are shorter than spoken words in the semantic condition. But audio-visual

interaction effects are never revealed in the analysis by comparing the two conditions

directly. Instead, the strategy used here avoids tbis confound and requires comparisons

between AV and A+V waveforms separately for each condition. Thus the audio-visual

semantic condition is always matched with the corresponding emotional semantic

auditory condition. Likewise, the audio-visual prosodic condition is always matched

with the corresponding affective prosody auditory condition.

We can also disregard a possible account of these results in terms of fine

psycho-acoustical differences between these conditions since we used controlled spoken
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words in each condition and we orthogonally manipulated the affective prosody vs.

emotional semantic. Moreover, we used a conservative methodology that avoids direct

comparisons between these two conditions and therefore minimises the possible

confounds in the interpretation of our ERPs effects. Therefore we submit that a more

plausible interpretation of these results relies on the distinct nature of the pairing

between these two conditions, which is reflected in the human brain by two different

temporal interaction patterns. The pairing of a face with a voice presents a more

naturalistic situation in the sense that there is no need for mediation by higher cognitive

and linguistic processes that are necessary for the decoding of affective word meaning.

The semantic pairing may require an extra processing in order to bind the meaning of

the word with the concurrent face configuration. It implies that the pairing of a voice

with a face should be carried out more rapidly than the pairing of a word with a face

which is consistent with the observations here.



Chapter 6

Covert processing of faces in prosopagnosia is restricted to facial

expressions: Evidence from cross-modal bias!

I This Chapter is a slightly modified version of a paper with identical title by B. de Gelder, G. Pourtois, J.
Vroomen, & A.M. Bachoud-Levi which has been published in Brain and Cognition, 2000, 44, 425-44.
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6.1 Abstract

We present a single-case study ofa brain-damaged patient, AD, suffering from visual face

and object agnosia with impaired visual perception and preserved mental imagery. She is

severely impaired in all aspects of overt recognition of faces as well as in covert

recognition offamiliar faces. She shows a complete loss of processing facial expressions in

recognition as well as in matching tasks. Nevertheless, when presented with a task where

face and voice expressions are presented concurrently, there is clear impact of the face

expressions on her ratings of the voice. The cross-modal paradigm used here and validated

previously with normal subjects (de Gelder et al., 1995; de Gelder & Vroomen, 2000a),

appears as a useful tool to investigate spared covert face processing in a

neuropsychological perspective, especially with prosopagnosic patients. These findings are

discussed against the background of different models of covert recognition of face

expressions.

6.2 Introduction

The face is the bearer of many messages. There is reason to think of these different aspects

of facial information, like gender, familiarity, expression or speech, as functionally

separated with appropriate processing routes corresponding to each type of information

(Bruce & Young, 1986). This complexity is reflected in disorders of face recognition (i.e.,

prosopagnosia). Prosopagnosia is a deficit in face recognition that can either be limited to

recognition of previously familiar faces or unfamiliar faces. The deficit often extends to

other aspects offace processing besides personal identity like for example facial expression

(Tranel, Damasio, & Damasio, 1995), and even facial speech (see de Gelder et al., 2000).

Research over the last decade established that in some prosopagnosic patients, loss

offamiliar face recognition is not absolute if methods used are sensitive enough to bring to

light residual abilities or so called covert face processing (i.e., the ability to process faces in

the absence of any overt recognition). When face recognition in prosopagnosic patients was

tested in a covert mode, behavioural methods showed savings in relearning, better

matching performance for previously familiar than for unknown faces (Bruyer, Laterre,

Seron, Feyereisen, Strypstein, Pierrard, & Rectem, 1983) and priming (de Haan, Young, &

Newcombe, 1987). Electrophysiological methods like galvanic skin conductance (Sauer,

1984; Tranel & Damasio, 1987) and evoked potentials (Renault, Signoret, Debruille,
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Breton, & Bolgert, 1989) also showed evidence of covert processing. Such evidence for

spared processing of faces in the covert mode has so far only been reported for the

recognition of personal identity. Face agnosia is a complex phenomenon and not all cases

of loss of overt or explicit loss of identity recognition show evidence for spared covert

abilities (Newcombe, Young, & de Haan, 1989). It is not yet clear in which case an overt

deficit combines with a spared covert ability (de Haan, Bauer, & Greve, 1992).

Undoubtedly the locus of the impairment and the specific type of face agnosia matter

greatly and these two may interact with visual knowledge, memory, and mental imagery

for faces in ways that are not yet understood.

As is the case for other covert implicit recognition phenomena that have been

reported over the last two decades (for overviews see Weiskrantz, 1997; Kohler &

Moscovitch, 1997), different kinds of explanations have been offered. Implicit face

recognition has been interpreted as evidence for separate systems implementing overt and

covert representations (Bauer, 1984). It also has been interpreted as a matter of absence of

integration between explicit and implicit representations not allowing for access to

consciousness (Tranel & Damasio, 1988). Alternatively, implicit face recognition has been

conceptualized in terms of degraded representational quality which would make it

impossible for impoverished representations to become conscious (Farah, O'Reilly, &

Vecera, 1993), or as a consequence of processing representations disconnected from later

stages in consciousness (Schacter, 1987; see Farah, 1996, for an overview of nonconscious

face processing). The account offered by Bauer (1984) seems particularly relevant since it

was developed to explain a case of covert processing in a patient suffering from

prosopagnosia and from loss of emotional responsivity to visual stimuli (not restricted to

faces). But this report concerned personal identity and did not actually investigate whether

there was covert recognition offacial expressions in the patient and thus leaves unanswered

the question of covert recognition offacial expression or the possible co-occurrence of both

kinds of covert recognition.

Covert processing of facial expression in prosopagnosic patients has not been

documented so far and this study is the first to present evidence of spared recognition of

facial expressions. To approach this issue we used a methodology which is indirect in the

sense that it is not the focus ofthe patient's task, and yields a mandatory processing of the

facial expression. Our point of departure was the observation that emotions are expressed
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in the face as weII as in the voice, a situation familiar from everyday life when most often

the two channels that convey affective messages are present concurrently. In previous

research with normal subjects de Gelder and Vroom en (2000a) have studied how facial

expressions are processed in bimodal input situations where the faces are not just presented

in isolation and judged on their own but accompanied by voice fragments carrying an

emotion. This methodology is familiar since studies of audio-visual speech and of the

McGurk effect (i.e., the combination of a visual with and auditory syllable changes the way

the auditory syllable is perceived).

Adapting this methodology for understanding the processing of audio-visual speech

to the case of recognizing audio-visual emotions, we observed that performance on a visual

expression categorisation task on faces was actually modulated by simultaneous

presentation of prosodic information, presenting a new instance of the well-known cross-

modal bias effect (see Bertelson, 1999 for an overview). They also obtained the effect in

the reverse situation, when participants were asked to rate a voice expression in the

presence of a concurrently presented face. The effect is very robust and it was still obtained

when subjects were told to ignore the auditory input (de Gelder & Vroomen, 2000a) or

when they were performing a demanding visual digit detection task while listening to the

voice and ignoring the face expression (Vroomen et al., 2001). The cross-modal bias effect

thus qualifies as perceptual, mandatory and automatic, as was argued for similar

phenomena like ventriloquism and audio-visual speech (Bertelson, 1999). In line with those

behavioural results, we demonstrated in an electrophysiological study dedicated to studying

the time course of the audio-visual integration that there was an early impact of the visual

stimulus on the auditory one occurring around 174 ms (de Gelder et al., 1999).

The combination of these characteristics makes the cross-modal bias effect a good

tool for studying covert processing offacial expressions in prosopagnosia. For this purpose

we tested prosopagnosic patient AD who showed complete loss of explicit recognition of

face identity and face expression (Bartolomeo et al., 1998). We also studied whether

implicit processing would be limited to facial expressions or whether it could also be found

for processing personal identity.
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6.3 Methods

Case presentation

AD is a 74-year-old retired secretary with bilateral lesions of the antero-inferior parts of the

occipital lobe. AD suffered in May 1995 from a haematoma located across the left

temporo-occipital sulcus, involving the middle occipital gyrus and the inferior temporal

gyrus (Brodmann areas 18, 19 and 37). She presented a right homonymous hemianopsia

and showed a mild anomia, without any comprehension or repetition deficit, that subsided

after a few weeks. No other linguistic deficits were present and she presented pure alexia.

In December 1995 she suffered from a second, right-sided haematoma, almost symmetrical

to the first. The lesion was centred on the middle occipital gyrus, just posterior to the

temporo-occipital sulcus, involving area 19 and the white matter underlying area 18. After

the occurrence of the second stroke, AD was unable to recognise familiar faces and

common objects by sight, and complained of seeing the world in shades of grey. Goldmann

perimetry showed a central scotoma and a residual right paracentral scotoma. Visual

evoked responses with black and white pattern were normal for latency and amplitude.

She was severely visual agnosic but tactile naming, copying and drawing from

memory are flawless. Mental imagery was preserved for all domains of higher vision

(Bartolomeo et al., 1998) including colour. Her auditory processing was intact but she had

an impaired lipreading ability (de Gelder et al., 2000). Data from this last study are

particularly relevant because spoken language processing including lipreading was also

investigated with a cross-modal method similar to the one used here for emotion

processing.

A set of object and face perception tasks has been reported previously (Bartolomeo et al.,

1998; see Table 6.1) and is briefly summarised here.
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Table 6.1. Performance of AD in several
face perception tasks and voice
expressions recognition.

Face classification 17/48*

Facial decision 14/20*

Facial features 05/27*

Famous faces 01120*

Gender decision 12/20*

Age decision 11130*

Facial expressions (still) 08/24*

Facial expressions (movie) 17/24*

Voice expressions 27/30

Note. *indicates significantly differentfrom control subjects.

Stimuli and procedure

To evaluate the visual perception of drawings, AD was submitted to a battery (see de

Gelder et aI., 2000) including a matching, a categorical association and an identification

task. Additional object decision tasks (e.g., matching, naming and pointing of simple visual

forms and linear drawings) were also administred. She performed correctly the matching

task of the battery but failed on the overlapping figures task and the association tasks. Her

object naming was severely impaired as well as her pointing to line drawings.

With line drawings of common objects (from the set of Snodgrass & Vanderwart,

1980), she was strongly impaired in tasks of confrontation oral naming (49 % of correct

responses) and gave no alternative signs of recognising (e.g., by miming of use) the objects

she could not name. Pointing was similarly affected. She could not match pictures as to

function (e.g., stamp - envelope) or category membership (e.g., fork - knife), but performed

the same tasks flawlessly on the basis of oral presentations. Finally, tactile naming of real

objects is intact, which confirms the specifically visual character of the deficits.
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Face recognition was tested using tasks of classification, facial decision and

detection of facial features. AD was profoundly impaired in overt recognition of familiar

and unfamiliar faces (e.g., the classification of photographs by gender or by age). With

photographs of unknown faces, she performed at chance level in both gender decision

{I 2/20 correct) and age decision (11/30). However, her knowledge and mental imagery of

faces were intact. AD's performance was flawless when questioned about the shape of the

mouth or the length of the nose of a particular face. Prior to the tests of expression

recognition, we examined whether AD would suffer from integrative agnosia like argued

for agnosic patient HJA (Riddoch & Humphreys, 1987). We found this not to be the case.

Her drawing and copying skills are quite fluent.

Furthermore, experimental evidence was provided for intact structural form

processing both for objects and for faces in this patient (de Gelder, Bachoud-Levi, &

Degos, 1998). Matching of objects and faces was severely impaired when the stimuli were

shown in canonical upright orientation but not when these same stimuli were presented

upside down. We have argued that a superior performance with inverted than with upright

stimuli suggests intact processing of the whole stimulus or of the configuration (rather than

part by part processing as for example in integrative agnosia). Such intact structural

encoding is potentially important for (spared) recognition offacial expressions (Davidoff &

Landis, 1990).

The present report concerns covert processing of personal identity and of facial

expression. Aside from comparing and contrasting the performance on tests investigating

each of these, a number of other related tasks were administered in order to allow a better

interpretation of the results: tasks ofknowledge and mental imagery for facial expressions

and tasks of recognition of vocal expressions. Our report is organised in two main sections,

one concerning identity and the other facial expression. Complementary information from

related tasks is reported under one of these two main headings.
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6.4 Results

Processing of personal identity

Previous reports of patient AD provided information about a complete loss of explicit face

recognition (de Gelder et aI., 1998). In order to assess whether there was any spared covert

recognition of faces, we used three different tasks, a familiarity decision task, a face-name

interference task, and a name-relearning task.

Given the patient's inability to name any famous or familiar faces, it was worth

asking whether there would be any residual impression of familiarity manifested in a task

that required only a forced choice judgement of which face in a pair of two that looked

familiar. The task used 40 stimuli (20 famous and 20 unknown faces). Patient AD was

presented with 20 pairs and asked to point to the photograph looked familiar. Her

performance was at chance (23/40, X2
, = 0.45, NS). Errors were equally divided for familiar

faces recognized as unfamiliar and vice versa.

Following the face-name interference task developed to assess spared familiar face

recognition (Young, Ellis, Flude, Me Weeney, & Hay, 1986), a test was constructed

presenting faces of well known French politicians or actors together with their names. The

latter were presented orally through headphones because of AD's alexia. In a pretest,

involving classifying faces as politicians or non-politicians, she performed below chance

level {I 7/48). She could only name one celebrity (i.e., Mitterand). She was however able to

perform at a 100% level in the second pretest, involving classifying names as politicians or

non-politicians. The face photographs were presented on a computer screen and the patient

was instructed to judge whether the name she heard simultaneously was either that of a

politician of that of a figure from show business. The patient responded by pushing one of

two response buttons. Table 6.2 shows the mean reaction times (RT) for the categorisation

of politicians and non-politicians' faces in the face-name interference task.
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Table 6.2. Mean RTs (in ms) for correct classification of
politicians 'and non-politicians 'names accompanied by
different types of distractor faces.

Type of face distractor

Same person Related Unrelated

Politicians'names 1078 1123 1069

Non-politicians'names 1237 1245 1194

Overall 1157 1184 1131

Error rates were up to a maximum of 8 % per cell (X" = 2.11, NS) and will not be

taken into further consideration. RT's in the condition Related were higher than in the other

conditions. In order to determine this interference effect, a two-factor analysis of variance

was carried out on Decision (politician vs. non-politician) and Condition (same person,

related, and unrelated). The effect of task Condition was not significant (F,.I' < 1, NS). As

can be seen in Table 6.2, the RT's to politicians were faster than the RT's to non-

politicians. This effect was significant (F,.•= 7.06, P < .001), but the interaction between

decision and condition did not approach statistical difference (F,.I' < 1, NS). Thus the

absence of the effect of task condition held equally for politicians, and non--

politicians'names.

The goal of the relearning task was to investigate whether there would be evidence

for covert recognition offamous faces in a name-relearning task. Such evidence would be

provided if learning the name of the face would be more efficient for previously known

faces of famous figures than for unknown faces. Given the severity of the prosopagnosia

only small sets of faces were used in this learning task. Two sets of stimuli were assembled

and each set consisted of four photographs (two familiar and two unknown faces). Familiar

faces were those of politicians well known to the patient but not recognized in previous

tasks. The patient was informed about the task and the requirement to learn the name

corresponding to each face. She was shown the photographs one by one and for each

photograph the corresponding name was repeated five times by the experimenter. The

patient was asked to study each photograph carefully as long as was needed to be able to
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remember it subsequently. The four photographs were presented eight times in random

order. After this learning phase each photograph was again presented and the patient was

asked which of the four names corresponded to it. This testing procedure was repeated six

times yielding a total of 48 trials. Results were 54 % correct (13/24) for famous (x', = 0.08,

NS) and 50 % correct (12/24) for unknown faces (at chance level). This result clearly

shows that the patient could not take advantage of previous visual knowledge of the

familiar faces.

In conclusion, we did not find any evidence for preserved covert identity processing in

either study: these tasks did not provide evidence for faster relearning of familiar pairs and

to interference in decidi ng the professional category for celebrities' spoken names. Our next

question concerned spared covert processing of facial expressions.

Processing of emotions

In previous testing there was clear evidence for an impairment of expression recognition on

the face, with still photographs as well as dynamic stimuli (i.e., short video clips). Results

concerning the recognition offacial expressions are briefly summarized in this section. The

performance of AD was next assessed in a finer experimental paradigm of single modality

categorical perception task for both face and voice expressions.

We investigated perception, visual knowledge and mental imagery of facial

expressions as well as perception of emotions expressed in the voice.

The recognition of face expressions was first investigated with still faces. Three

semi-professional actors (one female, two males) were photographed expressing five

different emotions (happy, sad, angry, afraid end neutral). A trial consisted of one

photograph at the top and two at the bottom. The patient was asked to indicate which of the

two bottom pictures showed the same facial expression as the top one. There were a total of

46 trials. The patient performed well below the score of controls (58 % of correct

responses, at chance level) who performed at ceiling (97 %) in this task.

Recognition offacial expressions was next tested using dynamic presentations (i.e., video

clips). Materials consisted of a video film consisting of four blocks and constructed as

follows. A semi-professional actor was instructed by way of prototypical events to express

different emotions (afraid, sad, happy, angry) which were repeated three times randomly

per block. There were four blocks. In the first block, the facial expression was shown for a
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continuous five sec. In the second block the face was initially shown in a neutral position

and the face expression unfolded during five sec. The third and fourth blocks presented

control conditions and showed the beginning and the end frames of the previous block, but

did not show the transition, which was hidden by a screen. The fourth block showed the

same emotional expression in the beginning and at the end of the five seconds period, but

in between the face was masked. The tape was shown twice. Normal controls perform at

ceiling on this task. The performance of AD on the first block was below chance level

(7/24), on the second block she performed better (15/24 or 0.63 %) and on the last two

blocks she was again very poor (0112 for the third and 4/12 or 0.33 % for the final block).

Correct responses were always due to recognition of happy, with occasional recognition of

sad adding to the score. The other expressions were all wrongly labeled.

Two sets of single modality categorical perception tasks were next administered to

assess in more detail the performance of AD in the processing of faces and voices. The

materials had been extensively used in previous research (de Gelder & Vroomen, 2000a; de

Gelder et aI., 1998a) with normal subjects and are briefly described below. These tests

allow for a more fine-grained assessment of the impaired skills. More importantly though,

using these categorical perception tasks (as for example in de Gelder et aI., 1997) involves

not only a category assignment task, or a forced choice between two explicitly mentioned

alternatives but two other sub-tests, discrimination and goodness rating. Independently of

the issue of categorical perception, the discrimination task is particularly relevant because

it does not require conscious recognition ability and can be counted as a covert task. As we

shall see, in the bimodal tasks, which constitute the critical part of this study the same

continua that were also presented unimodally, were used. Again, this would provide us

with a control on the secondary factors that might affect AD's performance in the bimodal

tasks.

In this task we used visual stimuli that consisted of three I I step facial expression

continua (i.e., happy/sad, angry/afraid, angry/sad) used previously in categorical perception

experiments with adults and children (de Gelder et al., 1997). For each continuum three

tasks were administered consisting of a 2 AFC discrimination task, an identification task

and a goodness-rating task presented in that order. The identification and the goodness

rating task required overt recognition of the facial expression. For the discrimination task

no recognition of the expression was required since AD was instructed to answer which of
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the two bottom pictures showed the same facial expression as the top one. She commented

on being unable to perform this recognition task, but was encouraged to venture a guess

and reported repeatedly that she was just guessing. In the 2 AFC discrimination task, each

trial began with an auditory signal, followed by simultaneous presentation of three

photographs for 3 sec. The first two bottom pictures, A and B, were always different. The

third picture, X, was identical either to A or B.

Figure 6. 1.AD's discriminations offacial expressions. On the horizontal
axis, the continuum starts from angry (on the left) and continues to sad
(on the right). Each step of this continuum represents the presentation of
two faces which are two steps apart on the 11-step facial continuum
'Angry-Sad'. On the horizontal axis, the step '1' isfor the presentation
of the /-3 pair AD had to discriminate: in this pair, '1' is thefirstface of
the l l-step continuum 'angry-sad' and '3' the third face of the same
continuum. '2' is for the 2-4 pair, Tfor the 3-5 pair, '4' for the 4-6
pair, '5 'for the 5-7 pair, '6 'for the 6-8 pair, '7'for the 7-9 pair, '8'for
the 8- 10pair and '9 'for the 9-// pair. The 'different-pair 'judgments are
presented on the vertical axis.

The patient was instructed to indicate which picture, A or B, was identical to the top

one by pressing one of two buttons, labeled A and B, with a finger of either the left or right

hand. The warning signal of the next trial appeared 2 sec after the patient's response. A and

B were always two steps apart on the continuum, so nine comparisons were possible. For

each comparison, the four possible orders of presentation (ABA, ABB, BAA, BAB) were

each presented three times. The resulting 108 trials were presented in random order.
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The task began with JO practice trials with faces showing several expressions. In

the identification task, I I photographs of the set were presented one-by one, and the patient

identified each stimulus by pressing one of two buttons. A trial was announced by the same

auditory warning signal, and was followed after 800 ms by the face, which remained for 3s.
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Figure 6.2. AD's identifications offacial expressions. Two continua are
proposed ('A ngry-Sad' and 'Happy-Sad '). The horizontal axis represents
the l l-step continua (on the left, the continuum starts from Angry or
from Happy; on the right, the continuum represents the Sadface). On the
vertical axis, the percentage of sad responses is presented.

For the goodness-rating task, each set of photographs was divided into two subsets,

one containing the first six items and the other one the last six items. The pictures were

presented manually under the same conditions as in the identification task. AD expressed

her ratings verbally on a 1O-point scale.

The normal pattern of discrimination is reflected in better in between than within

category differences but this is not found for AD (see Figure 6.1). For the identification

task, AD does not show the normal S-shaped identification pattern (see Figure 6.2).

Her performance at the extremes is poor and there is no clear category boundary. In

the goodness rating task, she was not able to distinguish the extreme expressions (supposed

to be more expressive) from the other ones inside the continua. Only for the Happy-Sad

continuum, she showed a difference for the two subsets (i .e., an advantage for the 6 items

of the happy sub-test which were judged as more expressive by AD). In conclusion, neither
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identification, discrimination, nor goodness-rating yield evidence for recognition of facial

expressions.

AD's results are entirely compatible with evidence reported in the previous sections

(e.g., an impaired face processing, both with identity and facial expressions) and confirm

the single-modality dissociation between intact affective voice processing (i.e., AD

exhibited the classical pattern of categorical perception, see below) and an impaired

affective face processing.

In a previous paper (Bartolomeo et al., 1998), we reported that AD had intact

mental imagery for the visual appearance of familiar faces. Does this ability for mental

imagery also extend to facial expressions? We first tested whether AD can draw a

convincing picture of a happy, sad or angry face. She can copy facial expressions as well as

drawing these from memory. Examples of her drawing offacial expressions (whole faces

and parts) are given (Figure 6.3). She does not however recognize the expressions on the

faces she has drawn.

In a later testing session we studied mental imagery for facial expressions. AD

could answer perfectly questions about the shape of the mouth, the position of the

eyebrows and the characteristics of the eyes in different facial expressions. Finally,

production was examined. She can easily mimic different expressions in the face (as well

as in the voice). In conclusion, these observations support our previous results that visual

perception and visual mental imagery are functionally independent and extends this

observation to facial expressions.
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Figure 6.3. Several drawings of AD: (I) Her drawing of a
normal face (top), (2) her drawings of happy, angry, and sad
faces (middle), and (3) her drawings of three mouths and eyes
(happy, angry, and sad) and the corresponding eyes and
eyebrows (bottom),

Before presenting the cross-modal tasks we wanted to establish that AD had no

problem with recognizing expressions of emotion in the voice. For this purpose an audio

recording was made of three semi professional actors pronouncing a short neutral sentences



122 Chapter 6

six times each time with a different tone of voice (neutral, happy, sad, angry, disgusted,

afraid) as instructed by examples of appropriate circumstances in which such sentences

were uttered. These were each repeated three times (making a total of 54 trials). A test tape

was then made with the order of presentation of the different emotions semi-randomized

such that no two same emotions were heard consecutively. The tape was presented to AD

with the instructions to judge the affective content of the voice by selecting one of the six

response alternatives. AD performed 88 % (48/54), which is a performance in the normal

range. Errors were mostly due to confusions between happy and sad, a pattern that is no

different from that of normal subjects. We can conclude from this that AD has entirely

normal recognition of affective prosody. Like for the case offace expressions we then use

a more fine-grained task which again had the advantage of consisting not only of an

explicit identification task but also a discrimination tasks presented first and not requiring

overt labeling of the emotions.

To examine categorical perception (CP) of expressions conveyed in the voice, a

discrimination task and an identification task were used with a single continuum

(anxious/happy). A 7-step voice expression categorical perception continuum between two

natural tokens of semantically neutral utterances ("Zijn vriendin kwam met het vliegtuig"

meaning "His girlfriend came by plane") was used (de Gelder et aI., 1998a). The

semantically neutral utterances were spoken once in 'happy'and once in a 'anxious'tone of

voice, and five intermediate expressions were synthesized in a manner comparable to the

morphing procedure used for faces. Further acoustic details and analysis of the intonation

of the sentences are given in Vroomen and collaborators (1993). Normal subjects show CP

for these voice expressions. In the discrimination task, there were 18 different pairs and

each block of 18 pairs was presented four times in different random orders. There were

seven identity pairs (1-1,2-2, ...,7-7), six one-step 'pairs with the lowest stimulus first (1-2,

2-3, ..., 6-7), and six one-step'pairs with the highest stimulus first (2-1,3-2, ..., 7-6). The

inter-stimulus interval was 1.5 sec within a pair and 4.5 sec between pairs. The patient

judged verbally by responding either 'same' or 'different'. To acquaint her with the range of

the stimuli, the two extremes were presented four times before the identification task began.

Then the formal identification test started. There were 35 trials, each stimulus of the

continuum was presented five times in random order. The patient decided whether an

utterance expressed happiness or fear by judging verbally the production.
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In contrast with the results for categorical perception of face expressions, AD

shows a normal pattern on the voice continuum (Figure 6.4). Discrimination as well as

identification results show the same pattern as obtained with normal adults and suggest

categorical perception of these emotions in the voice.
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Figure 6.4. AD's discriminations of vocal expressions. On the horizontal
axis, the continuum starts from happy (on the left) and continues tofear
(on the right). Each step of this continuum represents the presentation of
two voices which are one step apart on the 7-step vocal continuum
'Happy-Fear '. On the horizontal axis, the step 'J 'is for the presentation
of the /-2 pair AD had to discriminate: in this pair, 'J' is the first voice
of the 7-step continuum 'happy-fear' and '2' the second voice of the
same continuum. '2' isfor the 2-3 pair, '3 'for the 3-4 pair, '4 'for the 4-
5 pair, '5 'for the 5-6 pair and '6' for the 6-7 pair. The 'different-pair'
judgments are presented on the vertical axis.

Covert recognition with cross-modal bias

Two cross-modal tasks examined whether the perception of the face expression can

nevertheless have an impact when presented simultaneously with a voice. In this task a

voice expression must be recognized in the presence of a face with a congruent or

incongruent expression. If some face expression is preserved it will affect the judgement of

the expression in the voice. This task follows up the suggestion of covert recognition of the
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face expression and examines whether there is an impact of recognizing the emotion

displayed in the face on the categorisation of affective prosody in speech. de Gelder and

Vroomen (2000a) found that normal subjects who are given concurrent information from

the face and the voice and told to ignore the face still showed an impact from the face

expression.

Symmetrically to the previous effect of the face on the voice with those subjects,

here we observed with our patient that the expression of the face affected the way the voice

was judged. Since our patient has no problems with judging affective prosody but is well

aware of her difficulties with facial expressions, this task involving an indirect testing

method seems particularly appropriate for her. If her voice judgements are affected by the

face expressions this would present evidence for covert recognition of facial expressions.

In the first cross-modal condition, we tested whether the emotion conveyed in the

voice had an impact on the categorisation of face expressions. For the auditory materials,

we used two natural tokens of the same sentence spoken in a happy or a sad tone. For the

visual materials we used the facial continuum happy/sad described above. The eleven

visual stimuli along the happy-sad continuum were factorially combined with the two

utterances. These 22 bimodal trials were presented five times and trials were randomized.

The pictures occupied a 9.5 x 6.5 ern rectangle on the computer screen, which at the mean

viewing distance of 60 em corresponds to a visual angle of 10.0 x 6.8 degrees. The

photograph was presented at the onset of the word "vliegtuig" and remained on the screen

till the end of the sentence. The patient was encouraged to respond as fast as possible after

the offset of the sentence and instructed to ignore the auditory information; to judge

whether the face was "happy" or "sad". The task was administered two times with a three-

week interval.

Results (see Figure 6.5) clearly show that there is no differential impact of the

different auditory tones on the face affects (X', = 154.35, P < .001). This pattern of results is

different from the one obtained with normal subjects (see de Gelder & Vroomen, 2000a; de

Gelder et al., 1998a for more details). Although she was explicitly instructed to ignore the

voice, her pattern of results seems to show that she judged the faces entirely from the

information provided by the voice. Therefore, her impairment in overt recognition offacial

expression seems too important to even allow the demonstration in this paradigm of a

covert impact of the voice affects on the face ones.
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Figure 6.5. Impact of the voice expressions on thefacejudgments. The
horizontal axis represents the l l-step facial continuum 'Happy-Sad'
(happy on the left and sad on the right). The percentages of sad
responses are givenfor the Sad voice condition andfor the Happy voice
condition.

In the second cross-modal task, we studied the impact of recognizing the emotion

displayed in the face on the categorisation of prosody in speech. The auditory materials

were the same as described above in the categorical single modality voice expression task.

For the visual materials we used two faces of the same actor posing once with a happy and

once with an afraid facial expression. Again, the 7 auditory stimuli from the voice

continuum were factorially combined with a happy or with an afraid face (de Gelder &

Vroomen, 2000a). There are 14 trial types each presented 5 times in random order. The

task was administered two times with a three-week interval. The pictures occupied a 9.5 x

6.5-cm rectangle on the computer screen, which at the mean viewing distance of 60 ern

corresponds to a visual angle of I0.0 x 6.8 degrees. AD was asked to judge the affect in the

voice. She was told that each time a voice fragment was heard a face expression also

appeared on the screen. She was aware of the fact that she was unable to recognize face

expressions and was told just to ignore them.
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In contrast with the first cross-modal condition in which there was no bias effect

from the voice tones on the judgments of the facial affects, in this second cross-modal

condition in which the experimental situation is reversed, AD's judgements of the voice

exhibit a cross-modal bias effect (x\ = 29.16, p < .001): indeed we can observe in the

Figure 6.6 that the different voice judgments tend to be categorized more as fearful when a

fearful face was presented than when a happy face was presented.

Figure 6.6. impact of the face expressions on the voice judgments. The
horizontal axis represents the 7-step vocal continuum 'Happy-Fear'
(happy on the left and Fear on the right). The percentages of fear
responses are given for the Fearful face condition and for the Happy
face condition.

AD does seem to process to some extent the specific expressive information on the

face since the face expression has a clear and systematic impact on her judgement of the

expression in the voice (Figure 6.6). Therefore, we can conclude from that second cross-

modal condition, that the information from the face (i.e., facial expressions) has a clear

impact on the categorisation of the different voice tones. The pattern of her results is

entirely similar to that of normal subjects.

Some weeks later, AD was tested again in this second cross-modal condition (see

Figure 6.7) and her pattern of results seems to confirm this latter conclusion: AD's

judgements of the voice exhibit a cross-modal bias effect (x', = ]0.4, P < .0] ).Indeed, the
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different voice judgments tend to be categorized more as fearful when a fearful face was

presented than when a happy or inverted face was presented.
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Figure 6.7. Impact of the face expressions on the voice judgments. The
horizontal axis represents the 7-step vocal continuum 'Happy-Fear'
(happy on the left and Fear on the right). The percentages of fear
responses are given for the Fearfulface condition, for the Happy face
condition and for the invertedface condition.

6.S Discussion

Prosopagnosic patient AD has completely lost recognition of personal identity and facial

expressions but shows evidence for covert processing of the latter. Facial expressions that

can no longer be recognized in isolation, are still processed such as to combine with the

input from the voice. In other words, these explicitly unrecognized facial expressions do

exert a cross-modal bias effect on identification of expression in the voice. This report is

the first to explore bimodal emotion recognition in a brain-damaged patient and to provide

evidence for covert perception of face expressions in a prosopagnosic patient. The cross-

modal bias paradigm appears thus like a new research paradigm that is well suited for

studying spared facial expression recognition. Not only does it not require any overt

recognition offacial expressions but it takes advantage from the unimpaired auditory input

channel. This residual ability appears to be specific for facial expressions and does not
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seem to generalize to other aspects of face processing like recognition of personal identity

or speechreading (de Gelder et aI., I998a).

The paradigm we used allows one to disregard the possibility that the bias effect

reflects only the fact that addition of a second input modality generates arousal or

distraction and confuses the perceiver. Rather than merely showing a distraction effect of

vision on audition, we show clearly that the direction of the effect reflects the content of

the second input modality.

As we argued in establishing this phenomenon with normal individuals (de Gelder

& Vroomen, 2000a), the effect has a perceptual basis and is mandatory. It has a perceptual

basis in the sense that it does not result from a post-perceptual judgement reached after the

two input sources have been processed separately and evaluated independently (Massaro &

Egan, 1996; de Gelder & Vroomen, 2000a). Needless to say, in the case of our patient, a

post-perceptual bias explanation is clearly unlikely given her inability to process facial

expressions overtly or even to match faces for sameness of expression.

We noted in the introduction that covert expression off aces has not previously been

reported in the literature. As a consequence, present models of covert face processing and

available explanations are tailored to the case of loss of overt identity recognition and

sparing of covert identity processes.

A first explanation appeals to impoverished representations (Farah et aI., 1993). The

possibi Iity of impoverished but stiII somewhat preserved representations is certainly worth

considering. We have raised the possibility of impoverished representations when

discussing the impact of visual speech representations (de Gelder et aI., 2000). AD had

some spared visual speech recognition ability when dynamic stimuli where used. Yet she

showed very little audiovisual bias. We considered the possibility that this reduced

audiovisual effect might be due to impoverished visual speech representations. But note

that the evidence of some spared visual speech was obtained in explicit speechreading tests.

A second approach was defended by Bauer (1984) and is based on a distinction

between dorsal and ventral processing streams implicated in face recognition. The notion is

that dorsal routes are preserved and could account for automatic processing of aspects of

faces in cases where ventral routes for overt recognition and verbal report are impaired. de

Haan and collaborators (J 992) offered an account that intends to combine a special systems
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account with Bauer's dual processing view. The application of this model to covert

expression processing has not yet been considered. Farah (I996) notes that Bauer's dual

systems approach is similar to approach for Blindsight defended by Weiskrantz. As a

matter of fact such an extension is envisaged in Weiskrantz (1997).

It must be noted that some structural face (de Gelder et aI., 1998) and object

recognition (Peterson et aI., 2000) is preserved notwithstanding the lesion. Our patient's

lesions affect the occipito-temporal or ventral stream but do preserve the dorsal stream.

This means that a face structurally encoded even if all further processing in those occipito-

temporal areas is made impossible by the lesion. Such an elementary structural

representation is too under-developed to support any recognition, but it could still be the

basis for generating a cross-modal effect.

A third explanation of covert processing is that of two qualitatively different

systems corresponding to covert and overt expression processing. On this picture, the

covert processing system would be intact in this patient but it is a system that does not

support overt recognition and is generally not involved in recognition processes properly

speaking. In other words, the output of processing would never reach awareness but could

nevertheless combine with information from the affective expression in the voice. Recent

studies of facial expression processing have provided evidence for non-conscious

processing of facial expression (Morris, Ohman, & Dolan, 1998; Whalen et aI., 1998).More

generally, current theories of affective processing grant that substantial aspects of affective

information processing do not involve consciousness (Ledoux, 1996). Further research

needs to address the question, which of these explanations best fits this novel case of covert

processing of facial expressions.





Chapter 7

Fear recognition in the voice is modulated by unconsciously recognized

facial expressions but not by unconsciously recognized affective

pictures!

I This Chapter is a slightly modified version of a paper with identical title by B. de Gelder, G. Pourtois, &
L. Weiskrantz which has been accepted for publication in Proceedings of the National Academy of
Sciences of the USA.
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7.1 Abstract

Multi-sensory integration is a powerful mechanism for increasing adaptive responses, as

illustrated by binding of fear expressed in a face with fear present in a voice. In order to

understand the role of awareness in inter-sensory integration of affective information we

studied multi-sensory integration under conditions of conscious and non-conscious

processing of the visual component of an audio-visual stimulus pair. AEPs were

measured in two patients (GY and DB) who were unable to perceive visual stimuli

consciously because of striate cortex damage. To explore the role of conscious vision of

audio-visual pairing we also compared audio-visual integration in either naturalistic

pairings (a facial expression paired with an emotional voice) or semantic pairings (an

emotional picture paired with the same voice). We studied the hypothesis that semantic

pairings, unlike naturalistic pairings, might require mediation by intact visual cortex and

possibly by feedback to primary cortex from higher cognitive processes. Our results

indicate that presenting incongruent visual affective information together with the voice

translates as an amplitude decrease of AEPs. This effect obtains for both naturalistic

and semantic pairings in the intact field, but is restricted to the naturalistic pairings in

the blind field.

7.2 Introduction

Observers may respond to the expression of a face although unable to report seeing it.

For example, when confronted with a backward-masked, hence unseen, angry face,

observers nevertheless give a reliable skin-conductance response (Esteves & Ohman,

1993). Facial expressions of fear increase the activation level of the amygdala and this

effect is lateralized as a function of whether or not the observer can perceive the faces

consciously with right amygdala reported for seen, left for unseen masked presentation

(Morris et al., 1998). Faces displaying emotional expressions followed by a backward

mask lead to increased activities among the left amygdala, pulvinar and superior

colliculus (Morris et al., 1999).

Since these structures are still intact in case of brain damage restricted to striate

cortex we conjectured that these patients may also recognize affective stimuli just as

they can recognize some elementary visual stimulus attributes in the absence of

awareness, a phenomenon called blindsight. Accordingly, we have shown that striate

cortex lesioned patient GY was able to discriminate between facial expressions he could

not see and was not aware of (affective blindsight, de Gelder et al., 1999c, 200Ia). This
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result is consistent with the notion that in normal subjects unseen facial expressions are

processed via a sub-cortical pathway involving right amygdala, pulvinar and colliculus

while processing of seen faces increase connectivity in fusiform and orbitofrontal

cortices (Morris et a1., 1999). Subsequently we confirmed the importance of the non-

cortical route in relation to the difference between seen/aware vs. unseen/unaware facial

fear expression and hemispheric side of activation (Morris, de Gelder, Weiskrantz, &

Dolan, 2001). The extension of affective blindsight to stimuli other than faces has not

been envisaged till now.

A different role of the amygdala concerns its function in cross-modal binding.

Animal studies in which the cross-modal function of the amygdala has been

demonstrated used reward-based conditioning to establish cross-modal pairing (Murray

& Mishkin, 1985; Malkova & Murray, 1996). We recently explored pairing between

affective expressions of the face and the voice in humans (de Gelder et a1., 1995; de

Gelder & Vroomen, 2000a) by measuring the cross-modal bias exercised by the face on

recognition of fear in the voice and vice versa. The pattern of brain activations suggests

that the amygdala plays a critical role in this process of binding affective information

from the voice and the face. This was indicated by increased activation to fearful faces

when they were accompanied by voices that expressed fear (Dolan et a1.,2001).

Electrophysiological recordings of the time course of the cross-modal bias from

the face to the voice indicated that such inter-sensory integration takes place on-line

during auditory perception of emotion (de Gelder et a1., I999a; Pourtois et a1., 2000)

and mainly translates as amplitude change of exogenous auditory components (i.e., N I

and MMN). Importantly, face expressions can bias perception of an affective tone of

voice even when the face is not attended to (Vroomen et a1., 2001) or cannot be

perceived consciously as is the case with brain damage to occipito-ternporal areas (de

Gelder et a1., 2000). These latter findings indicate that the cross-modal effect does not

depend on conscious recognition of the visual stimuli. Yet residual vision in the sense of

covert processing (found in some cases of pro sopagnosia with typical occipito-ternporal

damage) quite different is from a neuro-anatomical point of view from loss of stimulus

awareness due to striate cortex lesion accompanied by blindsight. Unlike more anterior

areas, striate cortex may playa critical role in conscious perception (Weiskrantz, 1997)

and/or because of its involvement in feedback projections from higher visual areas

(Lamme, 2001), a role that may be critical for audio-visual binding.

Here we asked whether in the absence of normal striate cortex function unseen
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visual stimuli could still cross-modally influence auditory processing. The results would

provide a new and a cross-modal approach to existing indirect methods for testing

covert processes that have so far been restricted to single channel methods (Marzi,

Tassinari, Aglioti, & Lutzemberger, 1986). This is the first issue we addressed. Our

second question concerns the perception of other emotion inducing objects besides

faces. Besides faces, visual stimuli with clear affective valence like pictures of spiders,

snakes or food have frequently been used to study processes involved in fear perception

(LeDoux, 1996; Lang, Bradley, & Cuthbert, 1995). But as of yet there is no evidence

that other fear inducing stimuli besides faces can be processed in case of striate cortex

lesion. If this is indeed the case, an important question is whether non-conscious

perception of emotional pictures could influence recognition of emotional voices

similarly to what we predict to be the case for non-consciously perceived faces.

Alternatively, the processes underlying an affective scene-voice pairing may require

higher order mediation because such a pairing is based on semantic properties they may

share in common. Blindsight patients are of crucial importance for addressing this issue

because they create conditions for testing of audio-visual pairings based on semantic

associations when the subjects are either aware or unaware of the visual stimuli.

We studied affective blindsight for emotional pictures in two patients (GY and

DB) with unilateral striate cortical lesions. We recorded electrical brain responses to

presentation of audio-visual stimulus pairs to the intact and the blind visual field while

the subject was attending to the auditory part of the stimulus pair and making a task-

irrelevant judgment of the gender of the voice (Morris et aI., 1996). We had two a priori

hypotheses. First, we predicted a decrease in amplitude of the early auditory potential

(N I) for the naturalistic audio-visual pairings (voice-face) for the condition in which the

emotionally congruent face was replaced by an incongruent one. Second, we expected

that a similar effect would also be found for the semantic pairings (voice-scene) when

the visual stimulus was presented to the intact hemisphere and was fully processed and

consciously perceived. But we did not expect that an emotional picture presented to the

blind field would influence recognition of voice expressions even if patients had

blindsight for the emotional valence of visual pictures. It was presumed that the sub-

cortical and amygdala based activation postulated to be responsible for binding of

emotional faces and voices would not be sufficient for cross-modal binding of voice-

scene pairings. The latter would require mediation from extra-amygdala representations

of the fear-inducing stimuli that cannot be accessed with striate cortex damage.
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7.3 Methods

Experimental Sequence

The EEG experiment took place first and was followed some months later by the

behavioral experiment. During the behavioral experiment, eye movements were

monitored by closed circuit TV. During the EEG experiment, eye movements were

monitored by means of electrodes attached to the orbits of the eyes calibrated to record

deviations from fixation.

Subjects

Two patients with blindsight (GY and DB) were studied.

Patient GY is a 45-year old male who sustained damage to the posterior left

hemisphere of his brain by head injury (a road accident) when he was 7-year old. The

lesion (see Baseler, Morland, & Wandell, 1999 for an extensive structural and

functional description of the lesion) invades the left striate cortex (i.e., medial aspect of

the left occipital lobe, slightly anterior to the spared occipital pole, extending dorsally to

the cuneus and ventrally to the lingual, but not the fusiform gyrus) and surrounding

extra-striate cortex (inferior parietal lobule). The location of the lesion is functionally

confirmed by perimetry field tests (see Barbur, Watson, Frackowiak, & Zeki, 1993 for a

representation of GY's perimetric field and see Barbur, Ruddock, & Waterfield, 1980

for a comparison).

DB is a 61-year old male from whom an arterious venous malformation in his

medial right occipital lobe was surgically removed when he was 33. As clinical visual

symptoms were first noted in his teens, it is presumed that the non-malignant tumor had

been present for several years, perhaps even prenatally. The excision extended

approximately 6 em anterior to the occipital pole and included the major portion of the

calcarine cortex on the medial surface. The operation produced a homonymous macula-

splitting hemianopia, with a crescent of preserved vision at the periphery of the upper

quadrant. Because metal clips were used in the surgical procedure (including an

aneurysm clip), MRl scans are not possible. Some information can be discerned from a

CT scan, which is clear in demonstrating no remaining striate cortex in the upper bank

of the calcarine fissure, corresponding to the lower quadrant of the impaired hemifield.

It is presumed, from surgical notes, that the lower bank was also destroyed although the

CT is severely distorted. He was studied in a series of psychophysical tests in 1974 by
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Weiskrantz and collaborators (1974), leading to the original characterization of

"blindsight", and then subsequently for more than I0 years, with results summarized in

1986 by Weiskrantz (1986). Contact was broken for some years, but he has been seen

again in a series of ongoing studies since 1999. His blindsight capacities are essentially

the same as originally described.

Behavioral experiment

GY and DB were presented with visual stimuli in a direct guessing paradigm used

similarly for facial expressions and emotional pictures. Visual materials consisted of

black and white photographs of facial expressions and emotional pictures. The face set

consisted of 12 images (6 individuals once with a happy and once with a fearful facial

expression; Ekman & Friesen, 1976). Emotional pictures were 12 black and white static

pictures selected from the International Affective Picture System (Lang et a!., 1995)

because they presented a homogenous class of non-facial stimuli. They were 6 negative

pictures (Snake, Pit Bull, 2 Spiders, Roaches, Shark; mean valence: 4.04 ± 0.4) and 6

positive ones (Porpoises, Bunnies, Lion, Puppies, Kitten, Baby Seal; mean valence: 7.72

± 0.45).

Stimulus properties (luminance and mean size), presentation modalities and task

requirements for the two types of visual materials were designed so as to be maximally

comparable. Visual stimuli were presented on a 17-inch screen. Mean size of the face

pictures was 6-cm width by 8-cm height (sustaining a visual angle of 5.73 degrees

horizontally by 7.63 degrees vertically) and 8-cm width by 6-cm height for the

emotional pictures (sustaining a visual angle of 7.63 degrees horizontally by 5.73

degrees vertically). Mean luminance was 25 cd/m2 and less than I cd/rrr' for the

background and ambient light.

A trial consisted of the presentation of the visual stimulus (face or scene) in the

blind field lasting for 1250 ms. Subject was instructed to make a two-alternative forced-

choice response between happy and fearful and to respond with their dominant hand by

pressing the corresponding button of a response box. He was instructed to make his

judgement before the end of the stimulus presentation (within 1250 ms following

stimulus onset) in order to eliminate any interference by offset transients (in DB the

offset of a stimulus under certain conditions gives rise to after-images) and to maintain

fixation during the block. Inter-trial interval was 1000 ms. Two blocks of 48 trials (24

faces and 24 pictures) were randomly presented (four blocks with GY).
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Figure 7.1. Experimental design (EEG Experiment).
Subjects viewed either happy or fearful visual
stimulus (a face or a scene) while listening to the
word Iplanel spoken in either happy or fearful tones.
There were eight resulting conditions: congruent
happy face, congruent happy scene, incongruent
happy face, incongruent happy scene, congruent
fearful face, congruent fearfol scene, incongruent
fearful face and incongruent fearful scene. Subjects
were instructed to identify the gender of the voice as
either male or female (by means of a button press).

EEG experiment

Stimuli consisted of pamngs of an auditory and a visual component presented

simultaneously. Visual materials were identical those of the behavioral experiment.

Auditory materials consisted of 12 bi-syllabic spoken words obtained with the following

procedure. Six male and six female actors were instructed to pronounce a neutral

sentence (« they are travelling by plane ») in an emotional tone of voice (either happy or

fearful). Speech samples were recorded on a DAT recorder and subsequently digitized

and amplified (using SoundEdit 16 1.0 b4 running on Macintosh). Tokens of the final
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word "plane" were then selected using SoundEdit, resulting in a total of 24 samples (J 2

actors x 2 tones of voice). They were presented in a pilot study to 8 volunteers (4 males

and 4 females), none of who participated in the Experiment. Subjects labeled each

fragment as "happy", "fearful", or "don't know".

Based on their recognition rates, twelve fragments were selected (mean

recognition rate 74% correct). Audio-visual pairings were obtained by combining a

sound fragment with either a facial expression or emotional scene. Pairings had either or

incongruent. There were 12 pairs for each visual condition affective content. Trials were

generated using the Stirn software running on a PC Pentium II. Visual stimuli were

presented as described above. Sounds were delivered over two loudspeakers placed on

each side of the screen at a mean sound level of 72 dB.

A trial consisted of the presentation of the visual stimulus followed after 900 ms

by the voice fragment (duration 381 ± 50 ms) during which the image remained on the

screen (Figure 7.1). This delay between visual and auditory stimulus onset was

introduced in order to reduce interference from the brain response elicited by the visual

stimuli (de Gelder et al., 1999a; Pourtois et al., 2000). The twelve fragments used for

the congruent and incongruent conditions as well as for the two visual conditions were

always identical (the only difference was the emotional valence of the face/emotional

picture they were paired with). Four blocks of 192 trials (48 stimuli consisting of 24

face-voice pairs and 24 scene-voice pairs, half congruent and half incongruent repeated

4 times) were randomly presented in each hemifield. Inter-trial interval was 1000 ms.

Subjects were tested in a dimly lit room seated 60 cm away from the screen. They were

instructed to fixate a central cross on the screen and not to pay attention to the visual

stimuli appearing in the periphery. Their task was to perform a gender decision on the

voices.

Data acquisition

AEPs were recorded and processed using a 64-channel acquisition system (Neuroscan).

Horizontal and vertical EOG monitoring was realized using four facial bipolar

electrodes placed on the outer canthi of the eyes and in the inferior and superior areas of

the orbit. Scalp EEG was recorded from 58 electrodes mounted in an Electrocap (10-20

System) with a linked-mastoids reference, amplified with a gain of 30K and bandpass-

filtered at 0.01-100 Hz. Impedance was kept below 5 kil. EEG and EOG were

continuously acquired at a rate of 500 Hz.
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Data analysis

After removal of EEG and EOG artefacts (epochs with EEG or EOG exceeding ± 70 1.1V

were excluded from the averaging), epoching was made 100 ms prior to auditory

stimulus onset and for 924 ms after stimulus presentation. Data were low-pass filtered at

30 Hz. Maximum amplitudes of AEPs were measured relative to a 100 ms pre-stimulus

baseline and assessed using repeated measures Analyses of Variance (ANOV As) and

student t-tests,

In order to carry out these ANOV As the four blocks for each hemifield for each

patient were considered as non-repeated and entered in the analyses as independent

measures. Statistical analyses were focused on the amplitude modulation of the central

negative deflection occurring 110 ms post-auditory stimulus and called the NI

component. For each condition, the mean amplitude of the N I component was

measured relative to the maximum negativity at nine adjacent central electrodes (C3A,

CzA, C4A, C3, Cz, C4, C3P, PzA and C4P) in the 90-150 ms interval. These nine

electrodes with a central topography were chosen because they are best suited to record

early exogenous AEPs simultaneously at several scalp positions.

7.4 Results

Behavioral results

For 40 out of 96 trials, DB responded after the stimulus offset (despite instructions to

respond during tbe stimulus presentation) leaving only 56 trials for the analysis. He was

significantly above chance in forced choice guessing the affective content of the visual

stimuli presented in his blind visual field and equally well for the two visual categories.

For emotional pictures, DB made 5/22 errors or 77% correct (X2
1 = 15.7, P <

.00 I). For facial expressions, he made 7/34 errors (4 happy and 3 fear) or 79% correct

(X2
1 = 18.4, P < .001).

GY was at chance level for facial expressions (45/94 errors or 52% correct) but

was above chance level for emotional pictures (34/94 errors or 64% correct, X21 = 7.84,

P < .0 I) with 12/48 errors (75% correct) for fear and 22/46 (52%) for happy trials.
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EEG Results

Behavioral data collected online indicate that as expected the task irrelevant gender

decision was easy (95% for GY and 85% for DB). Our main interest focussed on

amplitude changes of the auditory N I component that would be a function of the type

of visual stimulus. Significant main effects of Laterality, Anteriority or Emotion as well

as interactions between these variables are therefore only reported when they

significantly interact with one of the main experimental variables (Hemifield, Visual

Category and Congruency).

Intact visual field

Results supported by statistical analyses revealed that for GY incongruent audio-visual

pairs elicited a lower NI component than congruent pairs at several electrode positions

for both types of visual stimuli. The ANOV A performed on the mean amplitude of the

NI component at nine electrode positions with the factors Visual Category (Non-facial

context vs. facial contex), Emotion (happy vs. fearful), Congruency (congruent vs.

incongruent pairs), Anteriority (anterior, central and posterior) and Laterality (left, mid-

line or right) indicated a significant interaction Visual Category x Anteriority (Fas = 5.3,

P < .05) and a significant interaction between the five variables (F4,12 = 5.7, P < .01).

For scene-voice pairs the 2 (Emotion) x 2 (Congruency) x 3 (Anteriority) x 3

(Laterality) interaction approaches significance (F4,12 = 2.6, P = .09). Post-hoc t-tests for

the two emotions averaged together showed that for 4 out of 9 electrode positions (C3A,

t3 = 2.12, P = .056; C3, t3 = 2.2, P = .049; C3P, t3 = 4.1, P < .005; C4P, t3= 2.14, P =

.054) incongruent pairs elicit a lower N I component than congruent pairs (Table 7.1 and

Figure 7.2).
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Facial Expression Emotional Scene
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Figure 7.2. EEG results (GY). The x-axis represents the
time in ms (from -50 ms before auditory stimulus onset to
3] 0 post-stimulus onset). The y-axis represents the
amplitude in j.N from -8 flV to +8 flV. Grand averaged
auditory waveforms and corresponding topographies
(horizontal axis) at central electrodes in each visual
condition (congruent pairs in black, incongruent pairs in
red) and for each visual hemijield (left/intact vs.
right/blind). For each topographical map (N] and P2
components), the time interval is 20 ms and the amplitude
scale goes from -6# V (in blue) to +6# V (in red).
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Table 7.1. Patient GY. Mean amplitude of the N1
component for three electrode positions in each visual
condition (scene or face, congruent or incongruent) and
for each visual hemifield (left/intact vs. right/blind) (*
indicates a p value for the t-test <.05 and ** indicates
p<.OI ).

Hemifield Electrode Condition Peak Amplitude (J.1V) I (d/=3)

LVF P3P Face Congruent ·12.1

Face Incongruent ·11.92 0.51

Scene Congruent ·12.25

Scene Incongruent -10.59 4.09**

pzp Face Congruent ·9.22

Face Incongruent ·7.38 5.18**

Scene Congruent ·9.34

Scene Incongruent -9.03 0.77

P4P Face Congruent -7.14

Face Incongruent -6.06 3.03**

Scene Congruent -8.13

Scene Incongruent -7.26 2.14*

RVF P3P Face Congruent -12.1

Face Incongruent -1154 1.22

Scene Congruent -12.36

Scene Incongruent -12.44 0.21

pzp Face Congruent -9.4

Face Incongruent -8.77 1.41

Scene Congruent -8.57

Scene Incongruent -8.85 0.75

P4P Face Congruent -8.55

Face Incongruent -7.03 3.35*'

Scene Congruent -8.18

Scene Incongruent -8.22 0.12
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Facial Expression Emotional Scene
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Figure 7.3. EEG results (DB). The x-axis represents the
time in ms (from -50 ms before auditory stimulus onset to
310 post-stimulus onset). The y-axis represents the
amplitude in flY from -8 IN to +8 f.1V.Grand averaged
auditory waveforms and corresponding topographies
(horizontal axis) at central electrodes in each visual
condition (congruent pairs in black, incongruent pairs in
red) and for each visual hemifield (left/blind vs.
right/intact). For each topographical map (N] and P2
components), the time interval is 20 ms and the amplitude
scale goes from ~j.-tV (in blue) to +6j.-tV (in red).
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Table 7.2. Patient in DB. Mean amplitude of the NI
component for three electrode positions in each visual
condition (scene or face, congruent or incongruent) and
for each visual hemifield (leftlblind vs. right/intact) (*
indicates a p value for the t-test <.05 and ** indicates
p<.OI ).

Hemifield Electrode Condition Peak Amplitude (jLV) I (df=3)

LVF P3P Face Congruent -8.63

Face Incongruent -8.43 0.65

Scene Congruent -6.73

Scene Incongruent -6.84 0.24

pzp Face Congruent -8.59

Face Incongruent -8.54 0.15

Scene Congruent -6.89

Scene Incongruen t -6.65 0.55

P4P Face Congruent -8.39

Face Incongruent -7.49 2.93*'

Scene Congruent -6.41

Scene Incongruent -5.97 0.99

RVF P3P Face Congruent -7.74

Face Incongruen t -7.63 0.27

Scene Congruent -6.89

Scene Incongruent -7.17 0.96

pzp Face Congruent -8.1

Face Incongruent -6.62 3.43**

Scene Congruent -7.12

Scene Incongruent -6.49 2.13'

P4P Face Congruent -7.88

Face Incongruent -6.35 3.55*'

Scene Congruent -7.8

Scene Incongruent -6.48 4.53**

For face-voice pairs the analysis revealed a significant interaction Emotion x

Congruency x Anteriority (F2.6 = 6.71, P < .05) and a significant interaction Congruency
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x Anteriority x Laterality (F4,12= 3.43, P < .05). For 5 out of9 electrode positions (C3A,

t3 = 3.1, p < .01; Cz, t3 = 3.02, P < .05; C4, t3 = 3.04, P < .05; PzA, t3 = 5.18, P <.00];

C4P, t3 = 3.03, P < .05) post-hoc t-tests showed that incongruent pairs elicited a lower

NI component than congruent pairs (Table 7.1 and Figure 7.2).

Results for DB were very similar. For scene-voice pairs, post-hoc t-tests showed

tbat for 2 out of 9 electrode positions (PzA, t3 = 2.13, P = .055; C4P, t3= 4.53, P < .001),

incongruent pairs elicit a lower NI component than congruent pairs (Table 7.2 and

Figure 7.3).

For face-voice pairs, post-hoc t-tests showed that for 3 out of 9 electrode

positions (C3, ts = 2.17, P = .051; PzA, t3 = 3.43, P = .005; C4P, t3 = 2.92, P < .05),

incongruent pairs elicit a lower NI component than congruent pairs (Table 7.2 and

Figure 7.3).

Blind visual field

For GY the ANOV A on the mean amplitude of the N 1 component for visual

presentations in the blind visual field revealed a significant interaction Visual Category

x Emotion x Anteriority (F2,6 = 5.58, P < .05). For scene-voice presentations, the

ANOV A did not disclose any significant interaction with Congruency. For face-voice

presentations, the interaction Congruency x Anteriority approached significance (F2,6=

3.94, P = .081) indicating that incongruent face-voice pairs elicited a lower N]

component at central (t3 = 2.39, P = .054) and centro-parietal leads (t3 = 3.93, P < .01)

but not at anterior leads (t3 < I) than congruent face-voice pairs (Table 7.1 and Figure

7.2). The decrease in amplitude of the NI component for incongruent face-voice pairs is

maximum at the right centro-parietal leads C4P (t3= 3.35, P < .01).

For DB the ANOV A disclosed a significant interaction Visual Category x

Anteriority (F2,6 = 9.0 I, P < .05), a significant interaction Visual Category x Emotion x

Anteriority (F2.6 = 23.41, P < .005) and a significant interaction Visual Category x

Congruency x Anteriority x Laterality (F4,12 = 3.47, P < .05). For scene-voice pairs,

none of the 9 post-hoc t-tests is significant (Table 7.2 and Figure 7.3). For face-voice

pairs, post-hoc t-tests showed that for 3 (all situated in the right hemisphere) out of 9

electrode positions (C4A, t3 = 3.48, P < .005; C4, t3 = 4.3, P < .005; C4P, t3= 2.93, P <

.05), incongruent pairs elicit a lower NI component than congruent pairs (Table 7.2 and

Figure 7.3).



146 Chapter 7

Comparison between Intact and Blind visual field

Nl amplitude observed in GY is highest at centro-parietal leads (C3P, PzA and C4P)

and the incongruency effect generated by the visual stimulus (either a facial expression

or an emotional picture) to auditory processing (as indexed by an amplitude modulation

of the Nl component) appears to be stronger in the right hemisphere (C4P) than the left

hemisphere (C3P) or the mid-line position (PzA) as revealed in the previous ANOV As

by significant interactions between Anteriority and Laterality.

In order to compare directly the effect of visual category on the early auditory

processing in the intact and blind hemifield, a repeated measures ANOV A was carried

out on the mean amplitude of the N1 component at three electrode positions (C3P, PzA

and C4P) with the factors Hemifield (Intact vs. Blind), Visual Category (Non-facial vs.

facial contex), Emotion (happy vs. fearful), Congruency (congruent vs. incongruent

pairs), and Laterality (left, mid-line or right). The analysis revealed a significant

interaction Visual Category x Emotion (FI,3 = 9.37, P = .055), a significant interaction

Hemifield x Visual Category x Laterality (F2,6 = 15.74, P < .005) and a significant

interaction between the four variables (F2,6 = 7.74, P < .05).

Importantly, in the intact visual field, incongruent pairs elicited a lower N1

component than congruent pairs whatever the category of the visual stimulus (at C4P, if

the visual stimulus is a face, t3 = 2.79, P < .05; if the visual stimulus is a scene, t3= 2.26,

P = .065] whereas in the blind visual field, incongruent pairs elicit a lower N1

component than congruent pairs only if the visual stimulus is a face (t3 = 3.93, P < .01)

and not if the visual stimulus is a scene (t3= 0.11, P > .9).

Similar to patient GY, the amplitude of the NI in DB is maximum at centro-

parietal leads (C3P, PzA and C4P) and the incongruency effect from the visual stimulus

to the early auditory processing seems to be stronger in the right hemisphere (C4P) than

the left hemisphere (C3P) or the mid-line position (PzA) as revealed in the previous

ANOVAs by significant interactions between Anteriority and Laterality. The repeated

measures ANOV A analysis revealed a significant interaction Congruency x Laterality

(F2,6 = 5.69, P < .05) and a significant interaction Visual Category x Emotion x

Congruency (FI,3= 10.67, P < .05).

In the intact visual field, incongruent pairs elicited a lower N1 component than

congruent pairs whatever the category of the visual stimulus (at C4P, if the visual

stimulus is a face, t3 = 2.6, P < .05; if the visual stimulus is a scene, t3 = 2.25, P = .065)

whereas in the blind visual field, incongruent pairs elicit a lower N 1 component than
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congruent pairs only if the visual stimulus is a face (t3 = 2.93, P < .05) and not if the

visual stimulus is a scene (t3 = 0.75, P > .5).

7.5 Discussion

The first noteworthy result is that both patients are able to discriminate non-consciously

the expression of emotional pictures. The behavioral results indicate that DB performed

equally well in guessing the emotional attribute of both faces and pictures. Results with

GY are consistent with our previous findings that he performed at chance level in a

direct guessing task with static facial expression shown to his blind field (de Gelder et

al., 1999c). Although he was above chance for moving facial expressions, indirect

testing methods provided evidence that still images are recognized (de Gelder et a\.,

2001a).

The electrophysiological results obtained in GY and DB clearly indicate that

facial expressions as well as emotional pictures influence the way emotional voices are

processed as indicated by the decreased amplitude of the N1 component. The bias effect

occurs early in the course of auditory perception (around 110 ms after the onset of the

auditory stimulus). Our data indicate that intact striate cortex and conscious vision of

the stimuli modulate this effect. Our results suggest that in the absence of VI the cross-

modal bias effect is restricted to the pairings of a voice with a face and does not obtain

for the pairings of a voice with an emotional picture, although these pictures can

reliably be discriminated in the blind field.

The N I (or N100) auditory component is described as a late cortical exogenous

component with a central topography and composed of multiple sub-components

(Nataanen, 1992). Its amplitude is modulated by auditory selective attention with an

enlarged N 1 elicited by attended stimuli (Hillyard et al., 1995). The present EEG results

obtained for stimuli in the normal visual fields of two hemianopic patients are similar to

previous EEG results obtained with normal observers showing that a facial expression

modulates concurrent voice processing as early as 110 ms after voice onset (de Gelder

et a\., 1999a; Pourtois et al., 2000). The fact that the cross-modal bias effect consists in

a decrease in amplitude of the auditory NI component for incongruent face/voice pairs

suggests that early voice processing is reduced in the context of an incongruent visual

stimulus. Our results are consistent with reported sensitivity of the auditory N 1

component to the audio-visual pairing (Giard & Peronnet, 1999). Visual bias of auditory

processing has also been observed with fMRJ and consisted of an increase of the BOLD
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response in the primary auditory cortex when heard syllables were accompanied by lip-

reading (Calvert et aI., 1999).

Moreover, a reduction in amplitude of voice processing (as indexed by the NI

component) as a function of the concurrent visual context is mainly observed for

electrode positions located in the right hemisphere irrespective of the side of lesion of

the patient. This observation is consistent with neuropsychological and brain-imaging

data indicating the preferential involvement of the right hemisphere during the

processing of emotional prosody (Ross, 2000).

We can discount three possible explanations for the observed difference in cross-

modal effect between face pairs and scene pairs. First, it is unlikely that the observed

effects are related to attentional factors or to any kind of response bias. Throughout the

EEG Experiment subjects' attention was kept on a task-irrelevant property of the voice.

Moreover, the fact that a facial expression influences concurrent processing of the voice

expression as early as 110 ms post-stimulus suggests that this pairing takes place at

early perceptual stage in the sense that it does not depend on a post-perceptual decision

that might be under endogenous attentional control (de Gelder & Vroomen, 2000a).

A second potential explanation which we can discard, is that the N I modulation

does not reflect cross-modal binding but instead reflects a heightened state of affect in

the system due to the simultaneous presence of the face or scene and the voice. This

explanation also does not seem to hold because it predicts a similar effect for the

face/voice pairings and scene/voice pairings. Indeed, a greater overall affect state,

whether positive or negative, would imply that integration between modalities is in fact

occurring.

Thirdly, the possibility that higher visual complexity of pictures compared to

faces might explain that one observes a cross-modal bias in the blind field for faces and

not for pictures is unlikely given the results of the behavioral experiment. Faces and

pictures are discriminated equally well by DB and pictures are actually better

discriminated than faces by GY.

What are the possible anatomical circuits that could mediate audio-visual

interactions and that could explain why in the absence of the striate cortex some

pairings are preserved while others are lost? Our results provide a new cue that

contributes to this broad and so far ill-understood question. If faces and pictures can

similarly be discriminated the explanation for the different results obtained when each is

then paired with the same voice may reside in the critical contribution of striate cortex



Fear in the voice modulated by unconsciously seen facial expressions 149

and/or of cortical processes to one type of pairing but not to the other. Thus, loss of

conscious vision caused by striate cortex lesion may damage the mechanism at the basis

of scene-voice pairings but leave intact the neural circuitry on which face-voice pairings

are based.

At present two alternatives can be envisaged. One relates to visual consciousness

per se and the role of striate cortex in stimulus awareness. Striate cortex lesion is

associated with loss of conscious vision and the latter may be required for the binding

between affective pictures and voice expressions but not for binding face expressions

and voices. This explanation presumes that stimulus awareness is required for inter-

sensory binding. Such a view appears inconsistent with the finding that cross-modal

effects can be covert (de Gelder et aI., 2000). More importantly, it does not explain the

positive effects observed with the face-voice pairings in the blind field.

A different explanation can also be proposed which does not so much stress to

role of striate cortex with respect to conscious vision but focuses on limbic-cortical

routes and on the role of striate cortex in cortico-cortical feedback loops from more

anterior areas. Such an explanation would run as follows. With striate cortex damage

other structures like the superior colliculus and the pulvinar can compensate to some

extent to sustain vision but they cannot compensate for feedback from anterior cortical

areas to early visual areas (Lamme, 2001; Pascual-Leone & Walsh, 2001; Bullier,

2001). This residual non-cortical vision is probably at the basis of blindsight for faces

and pictures alike as observed in the present behavioral data. But the extent to which

these structures can compensate for cortical vision in a multi-sensory setting appears

limited. Colliculus and pulvinar-based vision does not remediate for the absence of

some limbic-cortical connections and a fortiori does not compensate for corti co-cortical

feedback projections in which striate cortex is normally involved. These two kinds of

connections may be needed for the role of vision in sustaining semantic pairings like the

picture-voice ones used here. Although face expressions as well as affective pictures

can be perceived by observers with striate cortex damage, the former but not the latter

can interact with information from another sensory system because the latter, unlike the

former require intact corti co-cortical processing loops.

At present support for this explanation is provided by the finding that non-

cortical vision of face expressions is not associated with fusiform activity (Morris et aI.,

200 I), by the finding of increased amygdala activation for face-voice pairs (Dolan et aI.,

2001) and of increased activity in heteromodal cortical areas like the middle temporal
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gyrus (Pourtois et aI., submitted). The point is also illustrated in a fMRI study with GY

where we observed increased activation to fearful face/voice pairs in the amygdala and

in the fusiform area for visual presentations in the intact field (Morris et aI., 200 I). The

important finding, as far as the present explanation is concerned is that amygdala

activation was equally observed when faces were presented in the blind field but

without the associated increase in activation in fusiform cortex. When affective pictures

are recognized unconsciously as our behavioral data indicate they are, recognition may

also be implemented in the non-cortical vision to limbic structures route. And likewise,

also for the cases of affective pictures, there may not be activation in a cortical area

similar to the area of the fusiform cortex involved in perception of pictures.

This absence of cortical activation normally associated with sub-cortical activity

may be a crucial element for understanding that non-cortical routes can sustain some

audio-visual pairings but not others. One may conjecture that in the neurological intact

observer anterior activation is associated with feedforward cortico-cortical activation

from fusiform to heteromodal areas (as well as feedback activation to striate cortex and

conscious perception as envisaged in the first explanation above). Yet our results

indicate that the probable non-striate neural circuitry processing these face stimuli is

sufficient for binding face-voice pairs. This suggests that the cortical activity that

accompanies perception of a face expression in the intact visual field is not a crucial

requirement for successful voice-face pairing. However, what holds for face-voice pairs

may not hold for picture-voice pairs even if on their own faces and pictures are

processed by the same neural circuitry. Without the kind of activation in extra-striate

areas associated with striate vision, binding between pictures and voices may not be

possible. The need for cortical activation would correspond to the fact that the pairing

between a picture and a voice requires mediation by semantic systems of the brain and

involves higher and more anterior areas. Given the relevance of facial expressions for

human communication and, more importantly, the biological link between voice

prosody and face expressions, the existence of specialized systems underlying a natural

audio-visual pairing like a face-voice combination as compared with a pairing like

picture-voice that requires semantic mediation, has evolutionary value.

Finally, the special status the face-voice pairings might be boosted by another

additional mechanism. Normal subjects spontaneously imitate facial expressions even if

these are followed by a rapid backward mask and are not consciously perceived

(Dimberg, Thunberg, & Elmehed, 2000). An interesting possibility is that binding of a
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face and a voice is mediated by such spontaneous imitation of the facial expression, a

mechanism that is absent in scene/voice pairs. It would be of interest to record muscular

changes in the facial pattern of subjects in these studies, for the blind as well as intact

visual fields, which could provide additional evidence not only of the existence of

processing of emotional material but a possible mediating role in cross-modal binding.
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Convergence of visual and auditory affective information in human

multimodal cortex'

) This Chapter is a slightly modified version of a paper with identical title by G. Pourtois, B. de Gelder,
A. Bol, & M. Crommelinck which has been submitted for publication.
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8.1 Abstract

Using PET we studied brain regions activated during the perception of affective

auditory, visual and audio-visual stimulus pairs. A convergence region situated in the

left lateral temporal cortex was more activated by bimodal stimuli than by either visual

only or auditory only stimuli. Separate analyses for happiness and fear revealed

supplementary convergence areas situated mainly anteriorly in the left hemisphere for

happy pairings and in the right hemisphere for fear pairings indicating different neuro-

anatomical substrates for multimodal integration of positive versus negative emotions.

Right amygdala activation was obtained for fearful faces and fearful audio-visual pairs

but not for fearful voices only.

8.2 Introduction

Emotional expressions in the human voice and face are normally perceived effortlessly

and accurately. Recent studies using brain imaging have extended our knowledge about

the neuro-anatomy of emotion processing in the visual as well as in the auditory

modality and have mostly added support to insights obtained with neuropsychological

methods (Gainotti, 2000). A different question from the one on affective processes in

each of these modalities is how the brain actually combines information when presented

with two different sensory sources, which is the question of audio-visual integration.

The existence of typical multimodal phenomena like audio-visual speech

(McGurk & MacDonald, 1976) or ventriloquism (Bertelson, 1999) suggest that the

perceptual system takes in all relevant information for a given event and combines it to

form one unified percept. It is worth pointing out that this question on multisensory

affect integration or audio-visual perception of emotion can not be answered by

juxtaposing results obtained in studies that have looked at visual and auditory emotion

perception separately. The goal of our study was to address the question of audio-visual

integration of emotions.

Studies on processing emotion directed at either the face or the voice have

contributed valuable insights. Specific areas have been found for processing the

affective information provided by the face (George, Ketter, Gill, Haxby, Ungerleider,

Herscovitch, & Post 1993; Adolphs, Damasio, Tranel, & Damasio, 1996; Morris et aI.,

1998). Depending on whether a facial expression has a positive or a negative valence,

laterality effects are observed indicating that visual stimuli with positive valence are
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processed predominantly in the left hemisphere and negative ones In the right

hemisphere (see Davidon & Irwin, 1999 for a review).

Beyond these lateral differences a more specific picture of separate neuro-

anatomical structures for some specific facial expressions is emerging. For example,

amygdala activates to fearful (Morris et al., 1996) and also to angry (Morris et al., 1998)

but not to happy faces. Much less is known about the neuro-anatomy of the perception

of affective expressions in the voice or affective prosody (Ross, 2000; Buchanan et al.,

2000). By comparison much less is known at present about specific neural sites for

processing emotions in the voice (George al., 1996; for a review see Ross, 2000). As a

consequence, it is still unclear whether two messages one originating in the auditory

system and the other in the visual system carrying the same emotional meaning (like a

face and a voice both expressing fear) recruit at least partly the same processing

resources.

To the extent that the question has been addressed, researchers have mainly

looked at correlation rather than through direct comparison. For example, parallel

impairments were observed in recognition of fear in the face and in the voice in patients

with amygdalectomy (Scott, Young, Calder, Hellawell, Aggleton, & Johnson, 1997; but

see Anderson & Phelps, 1998). It is worth noting though that this debate addressed the

question of an amodal emotion processor with supramodal representations (Farah et al.,

1989; Borod et al., 2000) which might mediate inter-sensory correspondences across

different sensory systems in a top down fashion. But this issue is quite different form

that of inter-sensory integration as a perceptual phenomenon.

Evidence from behavioural and electrophysiological studies clearly indicates

that information in the visual modality has an impact on the subject's perception of the

auditory information and vice versa during perception of emotions (de Gelder &

Vroomen, 2000a). When presented simultaneously with a facial expression and a

sentence spoken with an affective prosody, subjective ratings of the face are biased in

the direction of the accompanying voice expression (de Gelder et al., 1995; de Gelder &

Vroomen 2000a; Massaro & Egan, 1996). The gain in response latencies for bimodal

stimuli provides evidence for the notion that perceivers integrate the two sources of

information and that this integration is automatic and mandatory (Massaro & Egan,

1996; de Gelder & Vroomen, 2000a). These cross-modal bias effects seem to take place

at early perceptual level (de Gelder et al., 1999; Pourtois et al., 2000) and independent

of attentional factors (Vroomen et al., 200 I).
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The first study that directly addressed the integration question with brain-

imaging methods suggested that a mechanism for such cross-modal binding in the case

of fearful face-voice pairs could be found in the amygdala (Dolan et a\., 2001). When

fearful faces were accompanied by verbal messages spoken in a fearful tone of voice an

increase in activation was observed in the amygdala and the fusiform gyrus providing

evidence for integration of face and voice expressions, confirming the role of the

amygdala in this process (Goulet & Murray, 200 I). Unlike suggested in our previous

behavioural studies, no such advantage was observed for happy pairs.

We conducted a PET study to look at the possible brain areas involved in

multi modal perception of expressions of fear and happiness. We compared activations

to unimodal stimuli and to bimodal pairs in order to find areas involved in audio-visual

integration of emotions. Our study asked (l) whether the perception of face-voice

emotion pairs would yield activation in brain regions known to be multi modal (like the

middle temporal gyrus, BA21; Damasio, 1989; Mesulam, 1998); (2) whether this

activation would be specific for each emotion pair; (3) and finally, whether activation in

multi modal areas would also be accompanied by increased activation in modality-

specific cortices (like the primary auditory cortex or primary visual cortex).

The latter phenomenon has been reported previously and can tentatively be

viewed as a downstream consequence in modality-specific cortex of multimodal

integration (see Calvert et a\., 2000; Macaluso et a\., 2000b; de Gelder, 2000; Driver &

Spence, 2000; Dolan et a\., 2001). Such feedback or top down modulations could be the

correlate of the well-known cross-modal bias effects typically observed in behavioural

studies of audio-visual perception (Bertelson, 1999). But some of these effects might in

part depend on attention to the task-related modality. Modulation by attentional

demands is consistent with the notion that attention is not itself the basis of inter-

sensory integration (Bertelson et a\., 2000; Vroomen et a\., 2001; McDonald et a\., 2001

for a discussion). To avoid such a possible confound we used a gender decision task that

does not require attention to the emotion expressed whether in the voice, the face or

both.
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8.3 Methods

Subjects

Eight right-handed male subjects (age range: 21-23) participated in the experiment after

written consent was obtained according to institutional guidelines. They were paid for

their participation.

Materials

Materials consisted of visual, auditory stimuli and of audio-visual pairs. Visual stimuli

consisted of twelve gray-scale full frontal view pictures of 3 males and 3 females

presenting a happy or a fearful facial expression (Ekman & Friesen, 1976). Stimulus

size was 6-cm width x 8-cm height. Images were presented on a Macintosh AVI7

screen against a black background and viewed at I20-cm distance.

Auditory stimuli were twelve hi-syllabic words spoken by 3 male and 3 female

speakers in a happy or a fearful tone of voice. To obtain these materials 12 semi-

professional actors (6 males and 6 females) were asked to pronounce a neutral sentence

(the French version of Ithey are travelling by plane!) in a happy or in a fearful tone of

voice. They were instructed to pronounce the sentence as when experiencing happy or

fearful feelings in real-life situations. Two utterances were recorded for each expression

type. Recording was done in an acoustic-isolated room using digital audiotape and

sounds were digitized (SoundEdit 16 version 2 running on Macintosh). Only the last bi-

syllabic word (/plane!) was selected for each of the 24 productions, and amplified

(SoundEdit 16 version 2 running on Macintosh).

In a pilot study, the 24 fragments (12 actors x 2 tones of voice) were randomly

presented to 8 naive subjects. They were asked to discriminate accurately the tone of

voice (either happy or fearful) of each of the 24 productions presented five times. The

three best-recognized female and male speaker fragments were selected for use in the

PET experiment. Mean recognition rate for the three selected female actors was 94 %

correct, and 95 % correct for the male ones. Mean duration was 384 ms (SD: 40 ms) for

the 6 happy fragments and 376 ms (SD : 61 ms) for the 6 fear fragments. The mean

sound level of the speech as measured at loudspeaker was 75 dB. Further acoustic

details and analysis of the intonation are given in de Gelder and Vroomen (2000a). In

the scanner, sounds were directly presented to each ear using earphones.
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Audio-visual pairs were created by combining each of the 6 voices with one of

the face expressions on an arbitrary basis but respecting gender and emotion

congruency.

Procedure

There were three conditions (Figure 8.1): facial expressions (4 scans), auditory

fragments (4 scans) or audio-visual pairs (4 scans). Subjects always performed a gender

decision task unrelated to the variables manipulated (e.g., Morris et al., 1998). When

audio-visual blocks were presented, subjects were instructed to perform the gender

decision task either on the visual channel (2 scans) or on the auditory channel (2 scans).

Resting scans were presented at the beginning (first scan) and the end (14th scan) of the

Experiment. The block order of visual (2 emotions x 2 repetitions), auditory (2 emotions

x 2 repetitions) and audio-visual (2 emotions x 2 repetitions) conditions was

counterbalanced for all subjects.

Visual Auditory Audio-visual

! I
!PLANE!

I ;

Fear LPLA~ElI

380ms 380 ms 3fmm. s

I

!PLANEI I
Happy I/PLANE!

380ms 3Rt! rns 380ms

Figure 8.1. For each emotion (fear or happy),
the three conditions (visual, auditory and
audio-visual) are represented with the
corresponding stimulus duration (380 ms) for
each trial.

The beginning of each trial was signaled by a small white cross that remained on

the center of the screen for 400 ms. Then, the target stimulus (visual only, auditory only
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or audio-visual) was presented lasting for about 380 ms. In the audio-visual condition,

onset and offset of the face and the sound fragment were synchronized. Interval was set

at 1500 ms (black screen) and response was recorded till 1800 ms following onset of the

stimulus. Fifty-four trials (6 actors x 9 repetitions) were presented during a scan. Each

scan contained the same proportion (50 % - 27 trials) of male and female stimuli.

Before each scan, a block of 20 trials was presented. Subjects responded with the right

hand using a 2 buttons-response box.

Data Acquisition

Accuracy and RTs were recorded (Superlab Pro 1.74 running on a PowerPC Macintosh)

for each condition and each subject. PET data were acquired with an ECAT EXACT-

HR 3D PET tomograph (CTIISiemens). Each subject was scanned twice in each

condition and received intravenous H21s0 (8 mCi, 2.96 e+02 MBq, 20 s bolus) 10

seconds before starting the task. Measurements of local radioactivity uptake were made

using an ECAT EXACT-HR PET tomograph (CTI/Siemens), allowing simultaneous

imaging of 47 transaxial slices in three-dimensional (3-D, septa retracted) mode, with

an effective resolution of 8 mm full width-at-half-maximum (FWHM) (Wienhard,

Dahlbom, Eriksson, Michel, Bruckbauer, Pietrzyk, & Heiss, 1994) and a slice thickness

of 3.125 mm. Images were reconstructed using filtered back-projection scatter

correction, with both transaxial Hanning filter (cutoff frequency of 0.30) and axial

Hanning filter (cutoff frequency of 0.50). A two-dimensional transmission scan was

acquired before the experiment for attenuation correction.

For each scan, the task started 10 sec after initiation of tracer injection and PET

data was acquired simultaneously in a single 100s frame. The integrated counts

accumulated during 100 sec were used as an index of regional cerebral blood flow

(rCBF) (Mazziotta & Phelps, 1986). The time interval between successive emission

scans was 13 minutes, which allowed decay of residual radioactivity. For each subject,

3-D MRI (TI) anatomical data were also obtained on a 1.5 Tesla unit (General Electric

Signa).

Data analysis

PET images were realigned to the first one (Woods, Grafton, Holmes, Cherry, &

Mazziotta, 1998; Woods, Grafton, Watson, Sicotte, & Mazziotta J 998) and then to the

MRI, spatially normalized (SPM96- Well come Departement of Cognitive Neurology) to
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a stereotactic space (Talairach & Tournoux, 1988), smoothed with a Gaussian filter (15

mm FWHM), corrected for global activity by proportional scaling (Fox, Mintun,

Reiman, & Raichle, 1988) and adjusted to a level of 50ml/g/min. Group statistical maps

were made using the general linear model (Friston, Holmes, Worsley, Poline, Frith, &

Frackowiak, 1995) in SPM99. Main effects and interactions were assessed with

different contrasts using t tests.

8.4 Results

Behavioral data

Correct responses were above 95% for al\ conditions (98.3%, 96.9% and 96.2% for the

audio-visual, visual, and auditory condition respectively). A two-way ANOV A

(Emotion and Modality) for repeated measures on accuracy rates did not show any

significant effect (Emotion: F),7 = 4.62, P = .07; Modality: F2,)4 = 1.5, P = .27;

interaction Emotion x Modality: F<I).

Reaction times were slower for gender in the voices (mean RTs: 553 ms) than in

the faces (mean RTs: 493 ms) and in the audio-visual pairs (mean RTs: SOl ms) (Ellis,

Jones, & Mosdel\, 1997). A two-way ANOV A (Emotion and Modality) showed a

significant main effect of Modality (F2,14 = 8.63; P < .005) (al\ other Fs < I). Post-hoc

paired t-tests revealed that the difference between visual and auditory conditions was

significant (t7 = 3.83, P = .002), as wel\ as the difference between auditory and audio-

visual conditions (t7 = 3.31, P = .005) indicating that subjects are slower in the auditory

conditions than in the visual or audio-visual conditions. The difference between visual

and audio-visual conditions was not significant (t7 = 0.53, p> 0.5).

PET data

Modality-specific visual brain areas were obtained by subtracting activation in the Face

only condition from those obtained for the Voice only condition. This contrast revealed

bilateral activations in the posterior lateral fusiform region (BA 19), left inferior

occipital gyrus (BA 18), right lingual gyrus (BA 18) and right parahippocampal gyrus

(BA36) (see Table 8.1). This result is consistent with the brain areas known to be

associated with face processing (Sergent, Otha, & MacDonald, 1992; the Fusiform

Face Area see Kanwisher, McDermott, & Chun, 1997; inferior occipital and fusiform

gyri, see Hoffman & Haxby, 2000).
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Table 8.1. Brain regions (lOG = inferior occipital gyrus, PFG =
posterior fusiform gyrus, LG = lingual gyrus, PHG = para-
hippocampal gyrus, FG = fusiform gyrus, SaG = superior occipital
gyrus, STG = superior temporal gyrus, MTG = middle temporal
gyrus, AFG = anterior fusiform gyrus, SFG = superior frontal gyrus,
MFG = middle frontal gyrus, IPL = inferior parietaL LobuLe,M =
mesencephaLon) with significant rCBF increases when comparing the
rCBF images obtained in the 6 conditions (V = VisuaL,A = Auditory,
A V = Audio- Visual, Vh = Visual happy, Vf = Visual fear, Ah =
Auditory happy, Af = Auditory fear, A Vh = Audio- Visual happy, A Vf
= Audio- VisuaLfear).

Contrasts
Cluster

UR BA
Brain T Z P value P value

size
x, Y,z

regions value score uncorrected corrected

V-A 1880 -26, -80, 0 L 18 lOG 6,45 5,88 <.0001 <.0001
-32. -58, -14 L 19 PFG 5 4.71 <.0001 0.016

1246 32, -76,-6 R 18 LG 5,43 5,06 <.0001 0.003
32 -66 -10 R 19 PFG 5,36 5,01 <.0001 0.004
28. -46.-6 R 36 PHG 4,47 4.26 <.0001 0,094

AV-A 544 34, -64, -12 R 19 FG 4,96 4,68 <.0001 0.011
290 -22, -80, 0 L 18 LG 4,56 4,33 <.0001 0,045

-32, -68,-8 L 19 FG 3,42 3.32 <.0001 0,725
15 -32, -64, 32 L 19 SaG 3,42 3,32 <.0001 0,723

A-V 2400 -58, -16, 2 L 22 STG 9,91 0 <.0001 <.0001
-50,12, -6 L 22 STG-MTG 3,71 3,58 <.0001 0,616

2225 58 -18, 2 R 22 STG 6,87 6,19 <.0001 <.0001

AV-V 1454 -58, -18, 2 L 22 STG 7,36 6,55 <.0001 <.0001
-48, -34,10 L 22 STG 4,31 4,12 <.0001 0,097

837 58, -12, 0 R 22 STG 5,78 5,35 <.0001 0,001

(AV-A)&(AV-V) 50 -52, -30, -12 L 21 MTG 2.34 3,68 <.0001 0,509
5 -52, -38, -26 L 20 AFG 1,95 3,19 0,001 0,944

(AVh-Ah)&(AVh-Vh) 207 -34,30,50 L 8 SFG 2.3 3,64 <.0001 0,561
-54,30,22 L 46 MFG 2,17 3,47 <.0001 0,743
-52,26,34 L 9 MFG 2,06 3,33 <.0001 0,862

50 -36, -50, 40 L 40 IPL 2.25 3,57 <.0001 0,635
148 -34,60.8 L 10 MFG 2,24 3,56 <.0001 0,643

-40,50,6 L 10 MFG 2,06 3,32 <.0001 0,871
42 6, -32, -18 R M 1,96 3,2 0,001 0,941

(AVf-Af)&(AVI- VI) 41 48, -42, 6 R 21 MTG 1,89 3,11 0,001 0,97

Likewise, when auditory conditions were subtracted from audio-visual

conditions, bilateral activation of the fusiform gyrus (BA 19), the left lingual gyrus

(BA 18) and the left superior occipital gyrus (BA 19) emerged (see Table 8.1).
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Modality specific auditory activations were obtained by subtracting visual from

auditory conditions and indicated bilateral activation in the superior temporal gyrus

(BA22), an area of the auditory cortex involved in the perception of speech and voice

(Liegeois-Chauvel, de Graaf, Laguitton, & Chauvel, 1999; Belin, Zatorre, Lafaille,

Ahad, & Pike, 2000). Activation was also present in another region of the superior

temporal gyrus in the left hemisphere, extending towards the middle temporal gyrus

(BA22). Similarly when visual conditions were subtracted from audio-visual conditions

the comparison revealed bilateral activation in the superior temporal gyrus (BA22) and

in a more anterior region within the same gyrus in the left hemisphere.
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Figure 8.2. Axial sections (from -14 to -10 mm
below the AC-PC line) showing significant
activation in the left middle temporal gyrus (-52x, -
3Oy, -LZz) during the perception of audio-visual
trials (happy and fearful emotions) when compared
to unimodal trials (Visual + Auditory).

Next, we carried out a conjunction analysis (see Price & Friston, 1997) in order

to determine whether specific brain regions were associated with the perception of

audio-visual information. The conjunction (AV-V) & (AV-A) removes unimodal

activations (visual and auditory) thereby isolating brain activations specific to the

processing of audio-visual events. This comparison (Table 8.1 and Figure 8.2) revealed

a main region of audio-visual convergence in the middle temporal gyrus (BA21) in the

left hemisphere as well as a smaller activation, in the anterior fusiform gyrus (BA20) in

the same hemisphere. Interestingly, when the [AV-(A+V)] contrast was calculated in

order to obtain brain activations specific to the perception of audio-visual events, the
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analysis confirmed activation in the middle temporal gyrus in the left hemisphere (-52x,

-30y, -12z; t = 3.23, z score = 3.14, puncorrected=.001).

A detailed statistical analysis of the corrected rCBF values in the maxima of

activation in the conjunction contrast in the left MTG (Figure 8.3) indicated that this

region is significantly more activated by audio-visual stimuli than unimodal stimuli

whether auditory or visual stimuli regardless of the emotion presented. Corrected rCBF

values (ml/g/min) were extracted in spherical regions of 3mm radius centered around

the maxima of activation in the left MTG (-52x, -30y, -12z). A two-way ANOYA

(Emotion and Modality) for repeated measurements on these values showed a

significant effect of Modality (F2,14 = 7.1, P = .007) but no other effects (factor Emotion:

FI,7 = 3.58, P = .1; interaction Modality x Emotion: F < 1). Post-hoc t-tests failed to

show a difference between visual and auditory levels of activation (t7 = 0.95, P =.36),

but there was a significant increase in activation for the audio-visual condition as

compared to auditory (t7 = 2.68, P = .02) and visual (t7 = 3.63, P = .003) conditions.
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Figure 8.3. Corrected rCBF values (ml/g/min) extracted in
spherical regions of 3mm radius centered around the maxima of
activation in the left middle temporal gyrus (-52x, -30y, -12z)
for the 6 conditions. There is no difference between visual and
auditory levels of activation but there is a significant increase in
activation for the audio-visual condition as compared to
auditory and visual conditions.

Two further conjunction analyses were carried out separately for happiness and

fear in order to investigate whether these two different emotions yield specific activity
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in the two audio-visual conditions (Table 8.1). The conjunction analysis for happiness

revealed several supplementary frontal brain regions mainly lateralized in the left

hemisphere (Table 8.1): in the superior frontal gyrus (BA8), the middle frontal gyrus

(BA46, 10 and 9) and the inferior parietal lobule. Moreover, a region of the

mesencephalon was activated by audio-visual happiness. The conjunction analysis for

fear revealed activation in a posterior region of the middle temporal gyrus (BA2I).

Finally, a region of interest analysis centered on the amygdala revealed

significant activation of the right amygdala for fearful faces (visual and audio-visual

conditions) when compared to happy faces (lOx, -8y, -J Oz; cluster size = 94; t = 2.55, z

= 2.51, Puncorrected =.006; Pcorrected = .036). There was no evidence of a rCBF increase in

the right amygdala for fearful voices when compared to happy voices.

8.5 Discussion

Our main results suggest that the perception of audio-visual emotions activates the left

MTG and the left anterior fusiform gyrus. The MTG has already been shown to be

involved in multimodal integration (Streicher & Ettlinger, 1987) and has already been

described as a convergence region between multiple modalities (Damasio, 1989;

Mesulam, 1998). Activation of the fusiform gyrus is consistent with results from a

recent fMRI study (Dolan et aI., 2001) of recognition of facial expression paired with

tones of voice.

Our results show that within the left MTG (BA 21) there was no difference

between visual and auditory levels of activation but instead there was a significant

increase for the audio-visual condition as compared to the two unimodal conditions

(supra-additive response enhancement criterion, Calvert et aI., 2000). The activation in

the left MTG does not correspond to an augmentation of activity in terms of rCBF

increase in regions that are modality-specific. Recently, such an increased activation in

modality specific areas presumably following upon audio-visual integration has been

reported. It was found for visuo-tactile pairs in a visual area (the lingual gyrus,

Macaluso et aI., 2000b), in auditory areas for audio-visual pairs (Calvert aJ., 1999) and

in the fusiform gyrus for audio-visual affective pairs (Dolan et aI., 2001). But all these

studies required attention to the task relevant modality.

The activation observed for bimodal pairs is observed within the MTG in the left

hemisphere. Understandably, this is not the area most often associated with perception

of affective prosody in speech. Recent fMRI study (Buchanan et aJ., 2000) suggested a
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preferential involvement of the right hemisphere for emotional prosody (George et aI.,

1996). The detection of emotion in the voice compared with verbal detection yields

more activation in the right hemisphere than in the left hemisphere (in particular in the

right inferior frontal lobe, Pihan et aI., 1997; Imaizumi et al., 1998). Nevertheless, this

right hemispheric dominance for emotional prosody is not fully established yet and

affective prosody is also disturbed after left brain damage (Ross, Orbelo, Cartwright,

Hansel, Burgard, Testa, & Buck, 2001). It is also worth noting that all these studies used

an explict emotion recognition task.

Auditory word presentation results in left lateralized activity in the superior

temporal sulcus and the middle temporal gyrus (Price, Wise, Warburton, Moore,

Howard, Patterson, Frackowiak, & Frsiton, 1996; Binder, Frost, Hammeke, Cox, Rao,

& Prieto, 1997). Nervertheless, our activations are not due to word recognition because

activation is stronger for audio-visual pairs than for auditory only stimuli. Such left

MTG activation associated with audio-visual processes was obtained in a previous

fMRl studies of audio-visual speech (see Calvert et aI., 2000 for a recent review). We

would like to argue that integration at the linguistic level as different from the prosodic

level does not by itself explain the similarity between the patterns. The fact that in the

present study we found different lateralized activations for the two types of emotion

pairs implies that subjects did indeed process the prosodic content underscoring that the

MTG activation is not simply related to linguistic processes. A direct comparison

between audio-visual speech perception and audio-visual emotion perception is needed

to understand the exact role of convergence sites within the MTG.

Our data are compatible with previous PET studies (e.g., Royet, Zald, Versace,

Costes, Lavenne, Koenig, & Gervais, 2000) showing that pleasant and unpleasant

emotional stimuli from either the visual or the auditory modality recruit the same

cortical network (i.e., orbitofrontal cortex, temporal pole and superior frontal gyrus),

mainly lateralized in the left hemisphere. Nevertheless, our study adds crucial

information about the cerebral network involved in audio-visual perception of specific

emotions (happiness and fear) since supplementary activations are also observed

separately for the two emotions when vision and audition are concurrently presented. In

audio-visual trials happiness activations is found in different frontal and prefrontal

regions (BA 8, 9, 10 and 46) that are all lateralized in the left hemisphere while audio-

visual fear activates the superior temporal gyrus in the right hemisphere. Our data are

therefore compatible with current theories of emotional processes (see Davidson &
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Irwin, 1999 for a review) suggesting strong hemispheric asymetries in the processing of

positively (pleasant) versus negatively (unpleasant) valenced stimuli.

Finally, the present right amygdala activation to fearful faces is compatible with

a previous report of right lateralized amygdala activation where the same gender

decision task was used as here (Morris et aI., 1996), when facial expressions were

masked (Morris et aI., 1998) or when face expressions were processed entirely outside

awareness (Morris et aI., 200 I) (for a review, see Buchel & Dolan, 2000). In the latter a

sub-cortical system included, besides the amygdala the superior colliculus and the

pulvinar (LeDoux, 1996; Morris et aI., 1997, 1999; Whalen et aI., 1998). There were no

indications of similar involvement of the amygdala in discrimination of fearful voice

expressions as suggested in a study of amygdalectomy patients by one group (Scott et

aI., ] 997) but not by more recent studies (Anderson & Phelps, 1998; Adolphs & Tranel,

I999a). Our results are consistent with the latter negative findings and indicate that the

amygdala might not be the locus of amodal fear processing. On the other hand, the

amygdala is a complex nucleus and we do not want to draw the opposite conclusion that

it is only involved in processing the facial expression offear but this possibility must be

envisaged (Adolphs & Tranel, I999b). Finally, activation of the amygdala is consistent

with neuropsychological and neurophysiological studies (Murray & Mishkin, 1985;

Nahm, Tranel, Damasio, & Damasio, 1993; Murray & Gaffan, 1994) that have indicated

a key integrative role for this structure in the association and retention of intermodal

stimulus pairs (i.e., visuo-tacti Ie). This was directly confirmed by the study of Dolan

and collaborators (2001).

Maybe speech as a medium for fear is too high on the evolutionary ladder to be

processed by the amygdala. This would explain why fearful voices are only processes

when they bind with faces but why in contrast amygdala activation was found for

fearful vocalisations (Morris et aI., 1999). On the other hand, it is not known at present

whether fearful vocalisations bind with fearful faces as found here for fearful voice/face

pairs.
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Towards understanding domain specificity in multi-sensory

perception: naturalistic and arbitrary audio-visual pairings may use

dissociable neural integration sites. A TMS study'

I This Chapter is a slightly modified version ofa paper with identical title by G. Pourtois, & B. de Gelder
which has been submitted for publication.
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9.1 Abstract

The brain often combines auditory and visual information in a single percept provided

they are temporally and spatially contiguous. What is less well understood at present is

whether the type of pairing as defined by the nature of the association linking auditory

and visual stimuli also plays a role. Neuropsychological reports of selective damage to

audio-visual integration suggest that neuronal sites of audio-visual integration may be

content-sensitive. As a means of extending this evidence we used TMS to study the

interaction between type of audio-visual pair (naturalistic pairings consisting of face-

voice stimuli vs. arbitrary pairings consisting of tone-visual shape stimuli) and site of

processing (frontal, left and right posterior parietal sites). TMS applied over the left

posterior parietal cortex disrupted integration at 150 ms and later for the arbitrary

pairings but not for the naturalistic ones. Our results are consistent with

neuropsychological data and indicate that besides the well-known dimensions of spatial

and temporal contiguity, content is an important determinant of audio-visual integration.

9.2 Introduction

Hearing and seeing often provide simultaneously information about the same external

objects or events. A noisily bouncing ball, a loudly laughing face or a truck emitting

beeps while making a reverse move are just a few of the many instances of audio-visual

coincidence known in daily life. Such sensory coincidences create the perceptual

impression of a unitary percept which is due to convergence between separate auditory

and visual pathways in the brain (Damasio, )989) yielding rich multi-sensory percepts

(Mesulam, )998).

The role of domain specificity, or the fact that one may selectively loose audio-

visual perception in some domains but not in others, is an issue that has not attracted

much attention in the past. A traditional notion in multi-sensory perception is that audio-

visual pairings whatever they consist of are predominantly based on spatio-temporal

contiguity. This operates as a kind of Gestalt creating the phenomenon of perceptual

unity across two or more different sensory inputs (Bertelson & Radeau, 1976; Welch &

Warren, 1980; Bertelson, 1999; see de Gelder, 2000, for discussion). Against this

general background, issues related to the type of audio-visual stimuli or the nature of the

association are relatively unimportant as spatio-temporal principles presumably operate

similarly across different domains (Welch & Warren, 1980). Yet the notion that space-
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time co-ordinates uniquely determine audio-visual interaction contrasts with evidence of

domain specificity and selective loss known from neuropsychology.

From the few neuropsychological studies on audio-visual integration that are

available, one learns that brain-damage can selectively disrupt some audio-visual pairs

and not others. For example, audio-visual integration of speech was lost but it remained

intact for audio-visual emotion pairs (de Gelder et al., 2000). Likewise, schizophrenics

display a normal pattern of audio-visual integration in a ventriloquism task but not in an

audio-visual speech task (de Gelder, Vroomen, Annen, Masthof, & Hodiamont, in

press). Recent data from brain-imaging methods are consistent with available

neuropsychological evidence about dissociations since they also suggest the existence of

separate, content selective mechanisms of audio-visual integration. For example, the

amygdala plays a role in the integration of the auditory and visual parts of a fear

stimulus (Dolan et al., 2001). The claustrum is involved in cross-modal matching

between visual and tactile modality (Hadjikhani & Roland, 1998), the superior temporal

sulcus plays a role for audio-visual speech pairs (Calvert et a1., 2000) and the posterior

parietal cortex (PPC) is crucial for arbitrary pairs (Andersen, Snyder, Bradley, & Xing,

1997). These data (e.g., Dolan et al., 2001) suggest that the integration between a face

and a voice is likely to be implemented in brain regions that do not overlap with brain

regions (like the PPC) known to be involved in the integration of sound-shape pairs.

At present, a strong view about the role of domain specificity in audio-visual

perception is premature because of the scarcity of data and the fact that as of yet no

comparative study is available to inform us about stimulus pair independent

characteristics. Surprisingly, there does not exist at present in the literature a

categorisation of types of audio-visual pairs. Reviewing the literature, it appears that

two kinds of pairings have predominantly been used in research so far. Some of the

audio-visual situations that have been examined consisted of arbitrary pairings

consisting of associations between meaningless stimuli like a tone associated with a

visual shape or with a colour (Schroger & Widmann, 1998; Giard & Peronnet, 1999;

Fuster et al., 2000). Other studies used naturalistic pairings like audio-visual speech

(Calvert et al., 2000; Raij et al., 2000) and audio-visual emotion (de Gelder et al.,

I999a; Pourtois et a1., 2000; Dolan et al., 2001). In a recent fMRI study (Calvert et al.,

2001) cross-modal interactions were found arbitrary pairings (reversing black and white

cherckerboards paired with white noise bursts) in the superior colliculus as well as in a

network of cortical brain areas including the insula, the STS, the intraparietal sulcus and
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the superior and ventromedial frontal gyri. This recent brain-imaging study confirmed

the involvement of the PPC (e.g., intraparietal sulcus) in multi-sensory integration of

arbitrary pairing (Andersen et aI., 1997). In the case of arbitrary pairings, the

intraparietal sulcus and the parieto-preoccipital cortex are anatomical sites of

convergence between the visual and auditory modality (see Mesulam, 1998 for a

review). Further research in this area will contribute to a better insight into the

theoretical constraints on such a classification.

To our knowledge no study has directly compared audio-visual integration of

different kinds of pairings like for example naturalistic vs. arbitrary pairs. Of course,

this contrast is not exhaustive or all-inclusive and it and does not catch all the

dimensions along which any given number of audio-visual pairs may differ and that are

poorly understood at present. For the time being the notion of naturalistic pairings used

here is rather intuitive. As far as the contrast with arbitrary pairs is concerned, our

notion of naturalistic probably overlaps with that of biological pairings and suggests a

biological basis for some kinds of pairings. In contrast, arbitrary pairs are learned for the

purposes of the study, usually in a training session that precedes the actual experiment.

But the contrast we used here represents a first step towards understanding the role of

variables other than temporal and spatial in audio-visual integration. Because these two

types of pairing have been frequently been used in earlier studies, they are a good point

of departure to try out a technique that is new in the field of inter-sensory integration

research.

TMS appears a suitable method for investigating domain specificity of audio-

visual perception. It allows us to extent neuropsychological findings about audio-visual

perception in relation to lesion sites and to observe the functional equivalent of

dissociations. TMS is designed to induce a transient current in brain regions underlying

the skull by means of a brief magnetic pulse (single pulse method). The "neural noise"

created by altering the local electric current in the underlying brain activity causes a

functional deficit that is completely reversible (see Pascual-Leone, Walsh, & Rothwell,

2000 for a recent review). TMS allows one to interfere during task performance and

since interference can be created at specific neural sites and at specific latencies,

condition specific effects and their time course can be calculated.

In order to be able to formulate specific hypotheses we selected stimuli from

previous studies available in the literature. These stimulus pairings have extensively

been investigated with different neurophysiological methods and researchers have
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provided arguments in support of view that multi-sensory integration is taking place and

explains the observed behaviour. We selected one instance of arbitrary pairings, sound-

shape combinations (Giard & Peronnet, 1999) and one naturalistic pairing, face

expression-affective prosody pairings (de Gelder & Vroomen, 2000a). A few comments

on this selection are in order. Prima facie, the combination of still faces and time

varying voice fragments may not seem a naturalistic pairing. But one's phenomenal

impression that this is not a very naturalistic pairing should not be taken at face value.

In fact, it is known from a number of studies that still pictures like for example fearful

faces, activate dedicated brain structures even when faces are masked or when subjects

are not able to perceive face expressions consciously (see Morris et al., 1999). More to

the point, we know that combinations of still faces and voices reliably increase brain

activity (Dolan et al., 200 I). Another issue is that arbitrary pairs may be easier than

naturalistic ones. The difference may translate as higher accuracy and shorter latencies

for arbitrary pairs. But the choice of an appropriate task and of a training session is the

best feasible guarantee that performance is similar for the two kinds of pairings. Finally,

naturalistic pairings may be more robust, better retained in memory and better resist the

kind of interference TMS introduces. But if this would be the case, the effect of TMS

will be the same at all stimulation sites.

We used a task that is often considered appropriate for yielding behavioural

effects indicative of audio-visual interaction like a gain in accuracy and response

latency (Miller, 1982, 1986). Its major advantage for the present purpose is that it can be

designed in such a way that irrelevant differences between the two kinds of pairings are

only minimal. This task has similarities with the RTE (Miniussi, Girelli, & Marzi,

1998), a phenomenon that is not restricted to situations where the subject is presented

with two stimuli belonging to different modalities. For example, a simple horse race

model could explain that a latency advantage obtains when subjects respond to bimodal

as opposed to unimodal stimuli (Raab, 1962). Another possibility is that the latency

advantage is simply due to the presence of a double stimulation similar to what is

known as the redundant target effect. We return to these alternative explanations in the

discussion. For the purposes of this study the notion of integration is used

interchangeably with the weaker one of interaction. We grant that with data from a

single method, the possibility remains that other factors besides audio-visual sensory

interaction could also explain the observed pattern. But based on our research we are

quite confident that the effects observed with this type of task are not simply due to such
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post-perceptual factors as response competition (see Bertelson, 1999 for further

discussion on this issue).

We tested the hypothesis that single-pulse TMS applied over right and left

posterior parietal cortex (PPC) interferes with integration of arbitrary pairings (pre-

trained sound-shape pairs) but not of naturalistic pairings (pre-trained voice-face pairs).

We raised this specific hypothesis since the involvement of the PPC in multi-sensory

integration of arbitrary pairs has been reported in previous neurophysiological and

brain-imaging studies whereas multi-sensory integration of naturalistic pairs seems to be

implemented in different non-overlapping cortical (fusifom gyrus) and sub-cortical

(amygdala) regions. As a control condition, TMS was applied over the primary motor

cortex (M I) in the right hemisphere. PPC was selected because of its clear involvement

in multi-sensory integration of arbitrary pairs (Andersen et al., 1997). The intraparietal

sulcus and the parieto-preoccipital cortex are anatomical sites of convergence between

the visual and auditory modality (Mesularn, 1998). TMS induced interference of audio-

visual integration was studied in a parametric fashion by triggering stimulation at

different time intervals after stimulus presentation (50, 100, 150 or 200 ms). This broad

range of latencies was based on behavioural (de Gelder & Vroomen, 2000a) and

electrophysiological results (Schroger & Widmann, 1998; de Gelder et al., 1999a; Giard

& Peronnet, 1999; Pourtois et al., 2000) previously obtained with similar stimulus pairs

at these latencies.

9.3 Methods

Participants

Participants were eight right-handed participants (5 males; mean age: 25) who gave

written consent after being informed about the TMS methods and the study was

approved by the local ethical committee. All participants were screened for epilepsy and

for the presence of metallic implants. All had normal or corrected to normal vision and

no history of neurological problems.

Apparatus, Stimuli and Procedure

We used a magnetic stimulator (Magstim model 200) with a figure-of-eight coil with

windings measuring 7-cm, producing a maximum output of 2T. The centre of this coil

produces the maximum electric field, and was therefore positioned perpendicularly to
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the cortical site to be stimulated. Participants wore an EEG cap and the Pl'C was located

and marked on it on the left (P3 electrode position) and right (P4 electrode position)

side of the head using the International 10-20 system (Steinmetz, Furst, & Meyer,

1989). Right M1 was detected for the scalp position where a visible twitch in the

muscles of the contra-lateral left hand was elicited. TMS pulses were set at an intensity

of 10% above the motor threshold defined as the TMS intensity that caused a visible

twitch in the muscles of the left hand in 50% of the delivered pulses over MI. In the

naturalistic condition stimuli consisted of facial expressions paired with voices (Figure

9.1).

Visual

A BFearHappy

Auditory !PLANE! !PLANE! Tone burst Tone burst
at 500Hz at 520Hz

I---! 1----·---··
I
!

Audio- Ivisual i
i

IPLANE/i Tone burst
i at 500Hz at 520Hz--------' ._-------' ----_.'

Figure 9. J. Stimuli used for the naturalistic and the
arbitrary pairings.

The auditory stimulus was a neutral word (the word Iplanel in French, lavion/)

spoken with either a happy or fearful tone of voice. The visual stimulus was a static

picture of a face with either a happy or fearful expression (Ekman & Friesen, 1976). In

the arbitrary condition, the auditory stimulus was a tone burst produced either at 500 or

520 Hz. The visual stimulus was a geometrical shape either with a vertical or horizontal

orientation (Figure 9.1). The arbitrary audio-visual pairings were created by arbitrarily
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combining one shape with one tone (vertical ellipse with 500 Hz tone and horizontal

ellipse with 520 Hz). The naturalistic pairings consisted of an auditory and a visual

stimulus with the same affective content. Physical stimulus properties, presentation

modalities and task requirements of each condition were designed such as to be as

similar as possible (luminance, mean size, duration and intensity). Mean size of visual

stimuli was 7-cm width x 9.5-cm height. Mean sound intensity was 73dB. Each

condition had three presentation modes (auditory only, visual only and audio-visual).

I I
Iv,AorAv I 2500 ms

+

•••••••.•••• 200
............ 150

............ 100 TMS
............ 50 pulse

350 ms

500ms

Figure 9.2. Presentation conditions for the two different types of
pairings.

Onset and offset of visual and auditory stimuli of the audio-visual trials was

synchronised. TMS-pulse was time-locked to the stimulus presentation with an

asynchrony (SOA) of 50, 100, ISO or 200 ms (Figure 9.2) using a CIO-D10 24 card

interface connecting the stimulator and the PC (SuperJab software running on a PC

Pentium 2).

A trial started with a fixation cross (500 ms) followed by the stimulus

presentation (350 ms). Mean duration of a trial was 3350 ms (Figure 9.2). Inter-trial

interval was 2500 ms. The time interval between two pulses was always superior to 3

seconds following the recommendations for the use of single pulse TMS (Rossini,

Berardelli, Deuschl, Hallet, Maertens de Noordhout et al., 1999).
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The visual stimuli were displayed in the centre of a 17-inches screen (25 ern x

32 ern), The auditory stimuli were presented over 2 loudspeakers placed on each side of

the computer screen.

Participants were instructed to make a two alternatives forced choice response

(responding A vs. B for the arbitrary condition or fear vs. happy for the naturalistic

condition) by pressing the corresponding button on a response box with their dominant

hand. For audio-visual trials, they were instructed to base their discrimination on the

visual component of the pair. Accuracy as well as speed was stressed. RTs were

recorded from stimulus onset. Participants were instructed to maintain fixation on the

centre of the screen. An experimenter monitored eye movements.

Participants were seated in a comfortable chair at a distance of 70-cm in front of

the computer screen and with the centre of the screen at eye-level. The experiment was

preceded by a training phase. Participants were first familiarised with the stimuli and

procedure and subsequently received 4 practice blocks. Errors were monitored and

feedback was given. At the end of the training phase performance was above 80%

irrespective of presentation modality and condition.

Following the training phase, participants were randomly presented with 6

different blocks (2 conditions x 3 sites) each of which was presented twice making a

total of 12 blocks. In each block, 120 trials (3 modalities x 2 emotions/objects x 4 SOAs

x 5 repetitions) were randomly presented.

The accurate localisation of TMS pulses was confirmed for 2 out of 8 subjects

using a method that allows co-registration between TMS site and structural MRi (Figure

9.3).

The precise position of the coil was tracked with a 3D co-ordinates system

(Polhemus Isotrak II system, Kaiser Aerospace Inc.). This system gives the x, y and z

co-ordinates of each point relative to a fixed radio-frequency magnetic field transmitter.

Stimulation sites were recorded with a digitizing receiver pen, relative to a second

receiver fixed to the subject's forehead that allowed head movements. Then, at least 60

points were digitised over the scalp surface. This contour of the scalp was plotted in a

3D space and matched semi-automatically with the 3D reconstruction of the surface of

the head from MR images, using a software developed in the laboratory and based on

the Visual Tool Kit (VTK) library. A transformation matrix was calculated, that

computed any point of the 3D co-ordinate system into the MR system. Since position of

the coil over P3, P4 and right MI was digitised during the last trials, the transformation
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matrix allowed thus location of the coil relative to the head. A line normal to the plane

of the coil was drawn from the centre of the coil through the scalp and skull until it

crossed the brain surface. This cortical impact point was considered as the site where

TMS was maximal. Depending on the cortical region of interest, co-registration

accuracy of a few mm is attainable (Bastings, Gage, Greenberg, Hammond, Hernandez

et al., 1998).

Figure 9.3. Co-registration between TMS and MR Images for
one participant. Axial, sagittal, coronal sections and 3D
reconstruction of brain surface showing the cortical sites
(right parietal-P4) of magnetic stimulations. A beam
perpendicular to the surface of the figure-of-8 coil was
computed from the centre of the coil (beneath which the
induced current is the strongest) and the impact point on the
3D-reconstructed cortical surface was considered the locus of
stimulation. Each circle (sections) represents an impact point
and the magenta cube (3D reconstruction) is the computed
mean impact point.
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9.4. Results

Accuracy

Mean accuracy was over 85% in all conditions independently of site of stimulation

(right PPC, left PPC or right M 1) or SOA between stimulus onset and pulse triggering

(50, 100, 150 or 200 ms)(Table 9.1).

Table 9.1. Mean error rates in %for the different conditions
and different SOAs (A is for auditory, V is for visual and A V
for audio-visual).

Arbitrary P3 Naturalistic
50 100 150 200 50 100 150 200

A 10.6 8.8 13.1 9.4 A 11.9 10.6 10.1 10.2

AV 5.1 10.1 6.9 6.3 AV 12.5 16.3 10.6 8.8

V 10.1 11.9 11.9 12.5 V 15.3 16.3 15.1 11.9

P4
NaturalisticArbitrary

50 100 150 200 50 100 150 200

A 16.9 11.3 13.8 9.4 A 11.3 13.1 8.8 8.8

AV 7.5 10.3 4.4 9.4 AV 8.8 8.1 8.8 7.5

V 10.1 13.2 15.6 11.9 V 16.9 11.3 9.4 10.2

Arbitrary Ml Naturalistic
50 100 150 200 50 100 150 200

A 14.4 11.9 11.9 8.1 A 13.1 13.8 12.5 10.2
AV 6.3 6.3 6.3 5.6 AV 10.6 10.6 9.4 13.1
V 13.1 15.1 14.4 6.9 V

15.6 16.9 11.9 9.4

In the arbitrary condition, a 3 (Site) x 2 (stimulus A or B) x 3 (Modalities) x 4

(SOA) ANOY A revealed a significant effect of Modality (F2,14 = 3.74, P = .05)

indicating that participants made more errors with single modality trials than audio-

visual trials. There was no difference between visual and auditory trials (t7 < 1).

Differences between visual and audio-visual (t7 = 2.49, P < .05) as well as between

auditory and audio-visual (t7 = 2.22, P < .05) were significant. In the naturalistic

condition, the ANOYA disclosed a significant effect of Emotion (FI.7 = 10.17, P < .05)

indicating that participants made more errors with happy than fearful trials and a



178 Chapter 9

significant effect of SOA (F3,21 = 3.47, P < .05) indicating that participants made more

errors at longer SOAs.

RTs

Table 9.2. Mean RTs in ms for the different conditions and
different SOAs (A isfor auditory, V isfor visual and A Vfor
audio-visual).

Arbitrary P3 Naturalistic
50 100 150 200 50 100 150 200

A 419.1 392.6 418.2 424.6 A 469.5 472.5 489.1 494.8

AV 323.2 318.6 337.7 343.2 AV 410.5 403.7 419.2 413.4

V 357.8 365.9 366.5 354.2 V 425.8 459.5 438.1 451.4

Arbitrary
P4

Naturalistic
50 100 150 200 50 100 150 200

A 388.3 403.4 403.1 420.2 A 489.9 509.7 521.8 507.5

AV 317.7 325.1 319.3 321.5 AV 424.1 437.5 435.2 421.3

V 370.2 358.3 361.9 368.7 V 457.1 462.6 463.1 454.8

Arbitrary Ml Naturalistic
50 100 150 200 50 100 150 200

A 399.4 393.2 381.5 425.9 A 514.8 519.6 522.7 514.2

AV 310.2 322.4 314.9 324.4 AV 424.1 433.9 436.3 433.3

V 343.4 361.9 368.2 364.7 V 464.1 455.1 462.5 466.5

RTs for auditory trials were the slowest compared to visual or audio-visual trials

(Table 9.2), independently of condition or SOA (50, 100, ISO or 200 ms). Statistical

comparisons (repeated measures ANOVAs and Student paired t-tests) were made on the

visual and audio-visual trials. As expected we found a significant interaction between

modality (visual and audio-visual) and SOA (50, 100, ISO and 200ms) only in the

arbitrary condition and only for P3 scalp position (F3,21 = 3.12, P < .05) (Figure 9.4).
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Figure 9.4. RTs in ms for visual (V) and audio-visual (A V)
trials in the arbitrary and naturalistic conditions at 50, lOa,
l50 and 200 ms post-stimulation onset when TMS was applied
over the left PPC (P3 scalp position). Bars represent the
corresponding standard error.

This effect was observed when TMS was applied over the left Pf'C, It was not

observed for stimulation over the right PPC (F3,21 < I), nor was it observed when TMS

was applied over right MI (F3,21 = 1.45, NS). Our results indicate that in the arbitrary

condition when TMS was applied over the left PPC at 200 ms post-stimulus the latency
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advantage for audio-visual trials compared to single modality trials was no longer

significant (t7 = 1.3, P = .21). The latency advantage for audio-visual vs. visual only

trials was highly significant at 50 ms SOA (t7 = 4.1, P < .001), at 100 ms SOA (t7 = 5.6,

p < .001) and started to decrease at 150 ms SOA (t7 = 3.4, P < .005), all three

differences indicating faster RTs in the audio-visual condition compared to single

modality condition.

In the arbitrary condition, when TMS was applied over the left PPC, there was a

linear loss of processing speed with the SOA for audio-visual trials (linear component

significant in the audio-visual condition, FI•7= 6.69, P < .05 and NS in the visual

condition, F1.7< 1). This interaction was entirely due to a loss of processing speed in the

audio-visual condition between 100 and 150 ms SOA (t7 = 2.2, P < .05) (the difference

between 50 and 200, and the difference between 100 and 200 were also significant at p

< .05) and not to slower RTs in the visual condition (none of the 6 differences for the

four SOAs being significant).

In the naturalistic condition no such interaction between modality and SOA was

observed, whether TMS was applied over the same cortical region (F3.21= 2.4, P =

.093), over the right M I (F3•21< I) or over the right PPC (F3,21< I). When TMS was

applied over the left PPC, at 200 ms post-stimulus, audio-visual trials were faster than

single modality trials (t7 = 3.18, P < .005).

9.5 Discussion

Multi-sensory perception is a common phenomenon in daily life but it acquires special

importance when input in one sensory system is weakened, made impossible or

unattended to as a consequence of brain damage. For example, in visual agnosia or in

hemianopia intact auditory skilJs can be used as a compensation for certain visual

recognition tasks in the domain of person recognition (Young et aI., 1993), affective

cognition (de Gelder et aI., 2000, in press) or speech recognition (de Gelder, Vroomen,

& Pourtois, 2001) as weJl as for reducing visual neglect (Bertelson, Pavani, Ladavas,

Vroomen, & de Gelder, 2000).

The goal of the present study was to i1Justrate the potential of TMS for

understanding multi-sensory perception in order to extent currently available

neuropsychological methods for obtaining insight into the functional and the neuro-

anatomical aspects of multi-sensory perception. Our study is the first one to investigate

the impact on behavioural responses of single-pulse magnetic stimulation applied over
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frontal and parietal areas in an audio-visual integration task. Using two kinds of audio-

visual pairings found in the literature, we tested the hypothesis that when TMS was

applied over brain areas which were previously shown to be involved in inter-sensory

integration, it would affect performance negatively. Accuracy and latency for bimodal

stimuli compared with unimodal ones would be attenuated. Our data indicate that when

TMS is applied over the Pf'C, the latency advantage for audio-visual trials over

unimodal trials is significantly reduced specifically for arbitrary pairings. When TMS is

applied over the left Pf'C, the modality (audio-visual or visual) interacts with the

moment in time the magnetic pulse is delivered (50, 100, ISO or 200 ms post-stimulus).

As a consequence the relative speed advantage of audio-visual recognition over single

modality trials is no longer significant at 200 ms.

This interaction appears entirely due to relatively slower responses at 150 ms in

the audio-visual condition. Interference in the audio-visual condition starting at 150 and

later at 200 ms post-stimulus onset is compatible with previous neurophysiological

studies suggesting a role of the Pl'C in multi modal integration of arbitrary pairs at

around that time window (Mesulam, 1998; Andersen et aI., 1997). This interactive

effect is not observed in the right hemisphere when TMS is applied over the homologue

Pf'C or over the right primary motor cortex. Moreover, it is not observed in the

naturalistic condition whatever the scalp position (P3, P4 or right M1).

These results suggest that different neuro-anatomical pathways may implement

the combined perception of naturalistic vs. arbitrary audio-visual pairings that are

presented under the same spatio-temporal constraints and with similar task

requirements. Our data are consistent with recent results obtained with these two kinds

of pairs previously studied using different techniques. A corti co-subcortical route for

audio-visual integration of emotion was recently suggested in a study by Dolan and

collaborators (2001) using fMRI with normal participants. If this pathway, including the

amygdala and the fusiform gyrus, sustains pairing between voice prosody and a face

expression, it follows that it may resist interference from TMS applied over posterior

parietal heteromodal regions.

Similarly, our data are consistent with involvement of the Pl'C for arbitrary

audio-visual pairs (Andersen et aI., 1997). The TMS-MRI co-registration technique

used to visualise the putative location of the stimulation zone over the Pl'C confirmed

that the stimulation zone corresponded to the Pl'C (e.g., BA 7) near the intraparietal
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sulcus (Figure 9.3). Further research focussing for example on task settings is needed to

understand why this effect is lateralised to the left Pl'C,

The contrast between naturalistic and arbitrary pairings we explored here is a

first step towards understanding how domain specificity is one of the determining

factors of audio-visual integration. This factor represents a departure from previous

approaches in which spatio-temporal contiguity of auditory and visual information was

assumed to be the all-purpose glue of multi-sensorial perception. Instead, our results

open the possibility of interdependence between mechanisms of spatial-temporal

contiguity and content selectivity. Single-pulse TMS appears as a useful tool to

understand multi-sensory integration by creating dissociations among different types of

multi-sensory pairings (see Stewart, Ellison, Walsh, & Cowey, 2001 for TMS effects in

the visual modality) that can only rarely be observed in patients with focal brain

damage. One interesting possibility is that pairings are based on spatio-temporal

contiguity but that there is not a single neuronal site of audio-visual integration.

Multiple neural sites of audio-visual integration may exist and bind appropriate audio-

visual stimuli within spatio-temporal windows that are a function of the type of pairing.



Chapter 10

Summary and conclusions
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10.1 The problem

In this thesis, our goal was to shed light on the functional architecture as well as the

neuro-anatomical implementation of MPA. MPA is a new area of research compared to

cognitive studies carried out previously in other domains of multi-sensory perception

such as space or language perception. But in all three cases, the common assumption is

that the central nervous system integrates information that is originally given in more

than one sensory modality into a coherent percept.

Affect perception is a complex skill that involves the ability to process

simultaneously or in parallel multiple cues such as facial expressions in the visual

modality and affective tone of voice in the auditory modality. The central nervous

system seems to combine these different cues rapidly and effortlessly, and usually we

experience a unified and coherent perception of the affective state to recognise.

However, very little is currently known about the way these different cues combine. In

particular, it is still unclear whether face and voice do combine or if it is an

epiphenomenon of affective redundancy for instance. If they do combine, one has to

explore their behavioural manifestations, their functional properties, their role in

perception and their neuro-anatomical implementation. In this thesis, we have tried to

address these different questions at the empirical level with the purpose to try to obtain

a clearer picture of MPA. Our approach was partly inspired by studies of multi-sensory

perception in other domains.

The McGurk effect and the ventriloquist effect are behavioural manifestations of

multi-sensory integration. In space perception, cross-modal effects are usually observed

with simple stimuli such as light flashes and auditory beeps. In language perception, the

effect is observed for a particular situation, which is audio-visual perception of

incongruent speech. A third domain of multi-sensory perception is found in emotion

perception. Emotions are extremely rich and contentful stimuli. Intuitively the

integration of seen with heard emotion does not appear as a good candidate to observe

perceptual effects such as found for space perception. Nevertheless, emotions are also

highly relevant biological stimuli that must be rapidly and efficiently communicated

through multiple sensory channels. As a consequence and counter-intuitively, some

authors (de Gelder, 1999) have recently proposed that MPA should actually correspond

to a genuine perceptual phenomenon, with a corresponding early time-course rather

than a relatively late post-perceptual one. In this thesis, we have adopted this theoretical

position as a working hypothesis and tried to confirm the precocity and the perceptual



General Conclusions 185

locus of the cross-modal bias effect in emotion perception. Our goal was to shed light

on some of the properties of this cognitive function, MPA, as well as on its possible

neuro-anatomical implementation. We focussed on audio-visual interactions occurring

during the perception of emotions although we are aware of the fact that the perception

and recognition of emotion is a complex behaviour which is carried out by the

extraction of different cues in multiple sensory channels.

10.2 General method

We have studied MPA using different methods, each providing a different metric and

complementing each other. We have used behavioural, electrophysiological,

neuropsychological and brain imaging methods. We have tested our hypotheses in

normal subjects as well as in several brain lesioned patients. In each case, we have used

a standard experimental situation known in the literature as the cross-modal bias

paradigm. This paradigm appears appropriate in the context of MPA given the fact that

it is an indirect method. The impact from one sensory modality onto the other is not

directly quantified but measured indirectly. Previous data (see Bertelson, 1999 for a

review) have clearly shown that this methodology was better suited to focus on

perceptual variables, as opposed to post-perceptual variables.

We have systematically manipulated the congruence between the visual and

auditory channel to explore MPA. This manipulation is relevant since congruent and

incongruent situations can be created as well as intermediate situations of

congruence/incongruence. Three distinct channels of communication have been

manipulated in this thesis: the face channel, the lexical channel and the prosodic

channel. Our primary goal was to explore audio-visual interactions occurring between a

tone of voice (affective prosody) and a face (facial expression) and to compare this

pairing with other audio-visual parings such as found for the combination of a word

with a face, or the combination of simpler stimuli like a geometrical shape with a tone

burst.

10.3 Four questions

Previous behavioural studies (de Gelder et al.,1995; Massaro & Egan, 1996; de Gelder

& Vroomen, 2000a) had already shown that face-voice integration could be

characterised as automatic, mandatory (irrepressible), perceptual and pre-attentive

(Vroomen et aI., 2001). Moreover, the cross-modal bias effect from the voice to the face
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could also be obtained from the face to the voice, suggesting bi-directional links in

affect perception. In a previous EEG study, de Gelder and collaborators (I 999a) have

already shown that the time-course of face-voice integration was early, before 200 ms

post-stimulus indicating a perceptual stage (as opposed to a post-perceptual or

decisional stage) for this integration. Face-voice integration seemed to occur during the

course of perception, at early stages of stimulus processing. In a previous fMRI study

(Dolan et al., 200 I), an increase of the BOLD response was observed in the amygdala

and the fusiform gyrus for the combination of a fearful voice with a fearful face

suggesting a convergence between face and voice in heteromodal regions of the human

brain (such as observed for the amygdala) as well as the activation of modality-specific

cortices (such as observed for the fusiform gyrus) during MPA. These previous results

also raised several important questions about the exact nature of MPA. And four

different questions have been envisaged in this thesis.

The first question concerned the selectivity of the cross-modal bias effect during

emotion perception. The first issue we addressed (Part I) was about the constraints that

limit multi-sensory perception of affect. We assessed whether the cross-modal bias

effect in emotion perception observed previously (de Gelder & Vroomen, 2000a) was

specific to audio-visual situations or not. Our goal was to explore whether MPA was

part of a general mechanism for affect perception or if it was limited to audio-visual

perception.

The second question we asked (Part 11)concerned the time-course of face-voice

integration. More precisely, we wondered whether we could confirm an early

integration for face-voice pairing or not, and what were the possible

electrophysiological correlates of this integration. Furthermore, we also wondered

whether the time-course of prosodic pairing (face cum affective prosody) was

comparable to that of semantic pairing (face cum word meaning) or not.

A third question (Part III) concerned the automaticity of MPA. Previous data

have shown that attention did not playa role in this process (Vroomen et aI., 2001) but

we wondered to which extent this process could be qualified as automatic (Shiffrin &

Schneider, 1977) as suggested by the data of de Gelder and Vroomen (2000a). We

asked whether the overt recognition of the face and the awareness of the visual stimulus

were critical conditions to observe the cross-modal bias effect or not.

In a final part (Part IV), we asked questions about the neuro-anatomical

implementation of this process. We asked whether MPA was implemented in
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convergence regions of the human brain and whether MPA could be dissociated in the

brain from multi-sensory perception of shape/tone pairs.

Selectivity

We carried out a behavioural experiment with normal subjects (Chapter 2) that was

focussed on how judgement of a facial expression might be influenced by concurrently

presented but task irrelevant information. We measured RTs and accuracy for

recognition of a facial expression that was briefly presented either together with an

affective tone of voice or with an additional face expression or with an emotion written

name. Our results indicated that there was a cross-modal bias of an auditory stimulus (a

bi-syllabic spoken word with an affective prosody) on visual process (facial expression)

and that it consisted in a response gain for the case when a face has to be judged when

paired with a congruent voice.

When participants were instructed to judge a target facial expression while also

being shown another face or an emotion name, their response to the target face was

delayed by semantic incongruence. In light of the vast literature providing evidence that

task irrelevant or unattended stimuli are processed (see Desimone & Duncan, 1995),

this finding was not surprising. However as documented in many studies the impact of a

secondary stimulus was to delay the response and to decrease accuracy (see MacLeod,

]991). This indicates that in this condition of emotional visual redundancy behavioural

effects are similar to interference effects observed in the Stroop task (MacLeod, 1991).

These results pointed towards a functional dissociation between on one side the

combinatory process of a written emotion name or an additional face and a target face

and on the other side the combinatory process of affective prosody and face expression.

In the former case, congruence was mainly manifested by interference for incongruent

trials whereas in the latter congruence mainly translated as facilitation for congruent

audio-visual trials. These results suggested that the cross-modal bias effect in affect

perception was not a general perceptual context effect. It was restricted to audio-visual

situations and it could be dissociated from intra-modal situations of affect perception.

Time-course

To address the issue of the time-course of face-voice integration of emotion, we used

the high temporal resolution of ERPs recorded in normal subjects and we explored its

neural correlate using source localisation models. In the first Experiment (Chapter 3),
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subjects received concurrent voice and face stimulation, but the face accompanying the

voice sometimes carried an incongruent expression. Our results indicated that when

following repeated presentations of a voice-face pair both with the same affective

content, a pair was presented where the expression of the face did not match the

expression of the voice the amplitude of the auditory NI component was modulated.

The N I or N 100 component is an exogenous auditory component (Nataanen,

1992) with a central topography and known to be generated in the auditory cortex.

Congruent face-voice pairs elicited a higher NI component than incongruent pairs

suggesting an amplification of the auditory processing with a congruent facial context.

These results were compatible with previous data (Calvert et al., 1999) that have shown

an amplification in the primary auditory cortex (and visual motion cortices) with audio-

visual speech.

In a second study (Chapter 4), we have also shown that congruent face-voice

pairs elicited an earlier P2b component (the P2b component followed the auditory P2

exogenous component with a more posterior topography) than incongruent pairs. This

result suggested that the processing of affective prosody was delayed in the presence of

an incongruent facial context. The temporal and topographical properties of the P2b

component suggested that this component did not overlap with later EEG components

(e.g., the N2-P3 complex) known to be involved in cognitive processes at later

decisional stages. Source localisation carried out on the time-window of the P2b

component disclosed a single dipole solution in the anterior cingulate cortex, an area

selectively implicated in processing congruency or conflict between stimuli (MacLeod

& MacDonald, 2000). The contribution of anterior cingulate cortex in dealing with

congruence has been shown in many previous brain imaging studies (Cabeza & Nyberg,

2000).

These two first Experiments confirmed an early time-course for face-voice

integration. These results indicated that face and voice did interact during the course of

perception. We found evidence for an early audio-visual interaction at the level of the

scalp since the early auditory processing (as indexed by exogenous auditory

components) was significantly modulated by the concurrent visual processing.

However, in both cases, visual stimulus was presented first and was followed after a

delay by the auditory stimulus in order to reduce brain interference generated by the

visual stimulus (see de Gelder et al., I 999a). Although a strict temporal synchrony of

the auditory and visual signals does not seem to be critical for audio-visual integration
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(i.e., the typical temporal window of the most frequent type of bimodal neurons in the

superior colliculus is 100 ms; Meredith, Nemitz, & Stein, 1987), these results could be

interpreted as reflecting a priming effect from the visual modality to the auditory

modality during affect perception, an interpretation which is different from that propose

to account for multi-sensory integration effect.

To address this issue, we carried out a third Experiment (Chapter 5), in which

we used a strict temporal synchrony between the visual and auditory modality. In this

third experiment, we also contrasted the impact of affective prosody (prosodic

condition) vs. word meaning of a spoken word (semantic condition) on the concurrent

processing of facial expressions. To test for the presence of specific audio-visual

responses in the EEG at the level of the scalp, we compared ERPs to audio-visual trials

(A V) from ERPs obtained by adding electric brain responses for visual cum auditory

stimuli trials (A+V) (Barth et a!., 1995). Subjects performed a gender discrimination

task, which was orthogonal to the effects studied. In both conditions, ERPs for AV trials

were higher in amplitude than ERPs for A+V trials. This amplification effect was

manifested for early peaks with a central topography like the NI (at l l O ms), P2 (at 200

ms) and N2 (at 250 ms) components.

However, our results indicated that the audio-visual interaction in the prosodic

condition differed from that in the semantic condition. The important finding was that

the amplification effect observed for AV trials was earlier for prosodic pairings than for

semantic parings. The amplification effect associated with AV presentations and

manifested at the level of the scalp was already observed around 110 ms in the prosodic

condition whereas this effect was at its maximum later (around 200 ms) in the semantic

condition. These results suggest different non-overlapping time-courses for prosodic

pairing vs. semantic pairing. One possible interpretation, albeit a rather speculative one,

for the special status of the prosody/face pairings was that they are mediated by

articulatory representation or gestures as argued for the case of speech in the motor

theory of speech (Liberman & Mattingly, 1985).

These three Experiments all suggested that face and voice do interact at early

stage of processing, during online stages of stimulus processing leading to perception.

Previous electrophysiological studies (either EEG or MEG) on multi-sensory perception

have indicated large amplitude effects which consist sometimes in an increase or

sometimes in a decrease of early exogenous components like the auditory NI or the

visual PI component (each generated around 100 ms for stimulus presentation in their
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respective modality) during presentation of multi modal stimuli (Sams et aI., 199I; Giard

& Peronnet, 1999; Raij et aI., 2000). Amplification of the neural signal in modality-

specific cortex appears therefore as an important electrophysiological correlate of inter-

sensory integration and this conclusion holds for MPA. It can be concluded from these

experiments that face-voice integration is a genuine perceptual phenomenon that can not

be interpreted solely as reflecting a simple response bias.

Automaticity

In a first Experiment (Chapter 6), we studied a brain-Iesioned patient who was visual

agnosic and had severe face recognition problems (Bartolomeo et aI., 1998 ; de Gelder

et aI., 2000 ; Peterson et al., 2000). She presented bilateral occipito-temporal damage.

Recognition of facial expressions was almost completely lost and recognition of

emotions in the voices was intact. This combination allowed us to look at spared covert

recognition of facial expressions as we could use the cross-modal bias paradigm with

her.

We found clear evidence of covert recognition as her recognition of emotions in

the voice was systematically affected by the facial expression that accompanied the

voice fragment she was rating. These results suggested that the cross-modal bias in

emotion perception might be used to test for the presence of a covert processing of face

in prosopagnosia.

Patients suffering from hemionopia with some visual residual abilities (see

Weiskrantz, 1986, 1997) offer an even more radical opportunity to study MPA under

conditions of unawareness of the visual stimulus. They also offer a window onto the

neuro-anatomy of the non-conscious process and the role of striate cortex in it. In a

second study (Chapter 7), we looked at a possible interaction between awareness and

type of audio-visual pairing. For this purpose we designed two types of pairs based on

the visual component, one consisting of facial expression/voice pairs and the other on

emotional scene/voice pairs. Face/voice pairs figured as the natural pairings and

scene/voice pairs as the semantic ones.

Inter-sensory integration was studied in two hemianopic patients with symmetric

lesions of the primary visual cortex each in a different hemisphere (GY and DB). ERPs

were measured in these two patients who were unable to perceive visual stimuli

consciously because of unilateral striate cortex damage. We explored the hypothesis

that semantic pairings, unlike naturalistic pairings might require mediation by intact
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visual cortex and possibly by feedback to primary cortex from higher cognitive

processes. Our results indicated that adding visual affective information to the voice

translated as an amplitude increase of auditory evoked potentials, an effect that obtained

for both natural and semantic pairings in the intact field, but was limited to the natural

pairings in the blind field. These results were in line with previous studies that have

provided evidence in favour of qualitatively different processing systems for conscious

and non-conscious perception (Weiskrantz, 1997).

These experiments add support to the notion that MPA is an automatic process,

with a perceptual locus. In these experiments, the cross-modal bias was studied in

situations that were minimally transparent to the observer. We can conclude from these

studies that even if the face is not recognised (due to Prosopagnosia) or consciously

perceived (due to Hemianopia), a cross-modal impact from the face to the voice is still

manifested at the behavioural and electrophysiological levels. These results suggest that

the integration between a face and a voice is automatic and perceptual. These results

extend previous findings on unconscious processing of facial expressions (Whalen et

al., 1998, Morris et aI., 1999; de Gelder et al., I999c) to MPA.

Neuro-anatomy

In a first brain-imaging study using H2
150 PET (Chapter 8) we compared activations to

unimodal stimuli and to bimodal pairs in order to find areas specifically involved in

MPA. We also investigated whether activation in multi-modal areas would be

accompanied by increased activation in modality-specific cortices (like the primary

auditory cortex or primary visual cortex). This latter phenomenon has been reported

previously and can tentatively be viewed as a downstream consequence in modality-

specific cortex of multi-modal integration (see Calvert et al., 2000; Macaluso et al.,

2000b; de Gelder, 2000; Driver & Spence, 2000; Dolan et al., 2001).

Such feedback or top down modulations could be the correlate of the cross-

modal bias effects. But some of these effects might in part depend on attention to the

task-related modality. Modulation by attentional demands is consistent with the notion

that attention is not itself the basis of inter-sensory integration (Bertelson et al., 2000;

Vroomen et al., 2001; de Gelder, 2000; McDonald et al., 2001 for a discussion). To

avoid such a possible confound we used a gender decision task that does not require

attention to the emotion expressed whether in the voice, the face or both. Our main
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results suggested that perception of audio-visual emotions activated a cortical region

situated in the left middle temporal gyrus (MTG) and the left anterior fusiform gyrus.

The MTG has already been shown to be involved in multi-modal integration

(Streicher & Ettlinger, 1987) and has been described as a convergence region between

multiple modalities (Damasio, 1989; Mesulam, 1998). Activation of the fusiform gyrus

was consistent with the results from the previous fMRl study (Dolan et aI., 2001) of

recognition of facial expression paired with tones of voice. Importantly, our results

showed that within the left MTG (BA 21) there was no difference between visual and

auditory levels of activation but instead there was a significant increase for the audio-

visual condition as compared to the two unimodal conditions. As a consequence, the

activation in the left MTG did not correspond to an increase in activity in terms ofrCBF

increase in regions that were modality-specific. Moreover, supplementary activations

were also observed separately for the two emotions when the visual and the auditory

part were concurrently presented. 'Happy' audio-visual trials activated different frontal

and prefrontal regions (BA 8, 9, 10 and 46) that were all lateralized in the left

hemisphere while audio-visual 'Fear' activated the superior temporal gyrus in the right

hemisphere confirming strong hemispheric asymetries in the processing of positively

(pleasant) versus negatively (unpleasant) valenced stimuli (Davidson & Irwin, 1999 for

a review).

In a second study using single-pulse TMS (Chapter 9), we compared two types

of stimulus pairs, one consisting of arbitrary paired stimuli and the other of natural

pairings. Our question was whether TMS would interfere with cross-modal bias

obtained with meaningless shape/tone pairs (arbitrary condition) but not with voice/face

pairs (natural condition). This hypothesis was motivated by our previous findings

suggesting that face and voice did interact in specific convergence regions of the human

brain, such as found for the amygdala and the middle temporal gyrus. On the other

hand, the involvement of the posterior parietal cortex in multi-sensory processing of

shape/tone pairs has been documented (Mesulam, 1998; Andersen et aI., 1997).

Single pulse TMS applied over the left posterior parietal cortex at 50, 100, ISO

and 200 ms disrupted integration at ISO ms and later but only for the learned pairs. Our

results suggested that content specificity as manipulated here could be an important

determinant of audio-visual integration. Such a position was consistent with some

recent results indicating domain specific sites of inter-sensory integration (see Calvert,

2001 for a recent review).
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We can conclude from these studies that face and voice are combined in

anatomical convergence regions of the human brain and that this integration can be

dissociated from other audio-visual integration suggesting domain-specific sites for

multi-sensory integration of emotion.

10.4 General Conclusions

MPA is a new research area in Cognitive and Affective Neuroscience. We have tried to

show that this process was selective, took place at early stage of stimulus processing,

and was automatic and implemented in convergence regions of the human brain.

Paradoxically, these properties might appear counter-intuitive with the fact that

emotions are extremely rich stimuli. But these properties are also observed for what we

have called a biological pairing that is created between a facial expression and an

affective tone of voice (de Gelder, Vroomen, & Pourtois, submitted). We have used

either the label biological or naturalistic to account for the combination of a facial

expression with an affective tone of voice. In this perspective biological and naturalistic

are interchangeable. The biological relevance or salience of this type of audio-visual

pairing could partly explain the paradox. Although we could identify each of these

properties using a different method, we believe all these properties are actually

consistent with each other and all suggest that MPA is in fact a genuine perceptual

effect as suggested previously.

We have obtained converging evidence from different methods available today

in Cognitive Neuroscience. We have argued that the cross-modal bias from the face to

the voice and vice versa was not related to attention or higher level cognition but was

reflecting a real perceptual phenomenon. We have provided evidence that MPA can not

be reduced to a simple response bias, as recently suggested by others (Spence, Shore, &

Klein, 200 I). Our electrophysiological, neuropsychological and brain-imaging data are

not consistent with this view. To perceive a given facial expression and to perceive the

same facial expression but accompanied with an affective tone of voice lead to

different percepts since in the latter case we have observed a qualitative change in the

perception compared to the former. This change could be observed at the behavioural

level, at the electrophysiological level and was also observed at the brain level.

Our results indicate that the human brain has implemented MPA in different

heteromodal regions both at the cortical and sub-cortical levels. The involvement of
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these regions in multi-sensory processing is ubiquitous whereas the involvement of

these same regions in response-related effects has never been supported by the data.

Further research is needed in order to confirm the exact nature of MPA. An

important question that needs to be addressed in the future concerns the domain-

specificity of the functional and neuro-anatomical bases of MPA. Space, language and

emotion are three domains of multi-sensory perception and future research should

address to which extent these different domains of perception share the same cognitive

architecture as well as a common neural implementation.



Samenvatting

Dit proefschrift handelt over de vraag welke cognitieve mechanismen en de daaraan ten
grondslag liggende neuro-anatornische structuren betrokken zijn bij de meervoudig
sensorische waarneming van emoties (multi-sensory perception of affect: MPA). Het
onderzoek werd uitgevoerd met behulp van de meest moderne technieken die in de
Cognitieve Neurowetenschappen worden gebruikt. In vee I experimenteel psychologisch
onderzoek naar emoties wordt vaak aileen gekeken naar emoties binnen een modaliteit (of
visueel Of auditief). In het huidige onderzoek is onderzocht hoe emoties worden verwerkt
als deze door twee zintuigen (bimodaal) worden waargenomen. Met andere woorden, we
hebben gekeken naar de waarneming van emoties die tegelijkertijd via de ogen en de oren
binnenkomen. Het is relevant om dit te onderzoeken omdat in de sociale omgeving het
meer regel dan uitzondering is dat emoties via verscheidene modaliteiten worden
gecommuniceerd (bijvoorbeeld,je hoort en ziet iemand lachen).

De visuele component van de emotie werd verkregen door verschillende gezichten
met verschillende expressies te tonen. De auditieve component bestond uit het laten horen
van verschillende stemmen met verschillende emoties. Het belangrijkste doe I van het
onderzoek was het bestuderen van het proces dat de gezichtsuitdrukking en het emotionele
stemgeluid integreert. Het bijzondere van ons onderzoek is gelegen in het feit dat in aile
experimenten hetzelfde experimentele paradigma (de wijze waarop de emoties worden
aangeboden) is gebruikt, maar dat verschillende technieken zijn aangewend om het effect
van de emoties op de proefpersonen te meten. Het gebruikte experimentele paradigma
wordt het "cross-modal bias" paradigma genoemd.

We hebben het volgende onderzocht: de gedragsmatige veranderingen van MPA in
gezonde proefpersonen (vraag 1 - deell), het verloop van MPA over de tijd door middel
van het meten van systematische veranderingen in elektrische hersenpotentialen (ERPs)
(vraag 2 - deel II), de gedragsmatige en elektrofysiologische veranderingen in patienten
met een hersenbeschadiging (vraag 3 - deel Ill), en de neurale basis van MPA door het
maken van hersenscans (functional brain imaging) en het toepassen van een techniek
waarmee selectief gedeelten van het brein kunnen worden uitgeschakeld of geactiveerd
(TMS) (vraag 4 - dee I IV). Het voordeel van het gebruik van verschillende methoden is dat
elke methode andere aspecten van het proces dat ten grondslag ligt aan MPA kan
blootleggen, maar elkaar ook aanvullen.

De resultaten van de gedragsmatige metingen in gezonde proefpersonen (deell)
suggereren dat de integratie van stem en gezicht eerder selectief is dan een algemeen
mechanisme om redundante emotionele informatie te verwerken. We hebben aangetoond
dat een gezicht en een stem integreren terwijl twee gezichten Of een gezicht en een
geschreven emotionele uiting elkaar niet beconcurreren. Deze interactie-effecten kunnen
niet worden verklaard door simpele visuele redundantie. Aileen wanneer het gezicht
tezamen met de stem werd aangeboden, ontstonden er interactie-effecten,

Een tweede relevante kenmerk van MPA is het feit dat het in een vroeg stadium van
de informatieverwerking plaatsvindt (voor 200 ms na stimulusaanvang), gedurende de
tijdsspanne van de waarneming (dee I II). De interactie-effecten die zijn waargenomen
tijdens MPA kunnen daarom niet worden toegeschreven aan responsbias maar kunnen
worden gezien als een retlectie van een waarnemingsbias. De latentie, topografie en de
neurale bronnen van deze effecten suggereren dat al heel snel de stem en het gezicht in
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bepaalde hersengebieden convergeren, hetgeen leidt tot een multisensorische waameming
("percept") van de emotie.

Een derde kenmerk van MPA is dat het automatisch tot stand komt (deel ]ll). Deze
conclusie is in hoge mate consistent met data die eerder zijn verzameld bij gezonde
proefpersonen en die suggereren dat aandacbt maar een minimale rol speelt bij bet
optreden van MPA. In het buidige onderzoek werd bevestigd dat de integratie van
gezichten en stemmen automatisch tot stand komt. Ondersteuning hiervoor kwam van het
meten van gedragsmaten en elektrische hersenactiviteit (EEG) bij patienten met
hersenbeschadiging die hetzij openlijk blijk geven de informatie van gezichten niet te
kunnen verwerken (door prosopagnosie), hetzij niet in staat zijn om gezichten bewust waar
te nemen (door hemianopsie). ln beide gevallen had de presentatie van gezichten invloed
op de auditieve verwerking die gelijktijdig optrad. Ook nu yond dit effect automatisch en
vroeg plaats, gedurende de tijdsspanne van de waarneming.

Tenslotte, het feit dat de integratie van gezichten en stemmen plaatsvindt in
hersenstructuren waar de informatiestromen van verscbillende modaliteiten convergeren
(deel IV), ondersteunt het idee dat dit proces van MPA vee I meer een perceptueel
fenomeen op zich is dan een bijverschijnsel van aandacht of stimuluscompetitie.

We hebben bewijs verkregen met behulp van verschillende onderzoeksmethoden
die op dit moment beschikbaar zijn in de Cognitieve Neurowetenschappen. We hebben
beargumenteerd dat de "cross-modal bias" van gezichten op stemmen en vice versa geen
verband houdt met aandacht of een hogere orde cognitie, maar een echt perceptueel
fenomeen reflecteert. We hebben bewijs geleverd voor het feit dat MPA niet kan worden
gereduceerd tot een simpele responsbias, zoals recentelijk is gesuggereerd door anderen
(Spence, Shore, & Klein, 2001). Onze elektrofysiologische, neuropsychologische en
hersenscan data zijn niet consistent met hun standpunt. De waarneming van een bepaalde
gezichtsexpressie leidt tot een ander "percept" dan dezelfde expressie die vergezeld gaat
met een emotioneel stemgeluid, omdat we in het laatste geval ten opzichte van het eerste
geval een kwalitatieve verandering in de waarneming hebben gevonden. Deze verandering
kon worden waargenomen op zowel gedrags-, elektrofysiologisch als hersenniveau. De
resultaten ton en aan dat het menselijk brein MPA in verschillende heteromodale gebieden
heeft geirnplementeerd op zowel corticaal als subcorticaal niveau. Het bewijs voor de
betrokkenheid van deze hersengebieden bij multisensorische informatieverwerking is
overweldigend terwijl de betrokkenheid van dezelfde hersengebieden bij response-
gerelateerde effecten nooit is ondersteund door de data.
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