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Introduction
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“The violins, the deep tones of the basses, and especially the wind instruments…
I saw all my colors in my mind; they stood before my eyes. 
Wild, almost crazy lines were sketched in front of me…
Wagner had painted ‘my hour’ musically.”

Kandinsky on hearing Wagner’s Lohengrin, 1896

Introduction
Kandinsky’s writings suggest he experienced synesthesia, which is present in 
individuals who see colors when listening to music, or hear sound when seeing 
colors (Harris, 2008). Crossmodal associations as they occur in synesthesia are 
involuntary and are more common in artists and in women. The opposite is 
known as canalesthesia, wherein crossmodal information processing from all 
of the five senses is abnormally fragmented. This fragmentation may lead to 
impairments in face-to-face social communication, which depends heavily 
on the associated processing of face and voice information. Individuals with 
autism may also suffer from impairments in picking up and interpreting 
sensory information from multiple sources at once. Deficits in the formation 
of crossmodal associations may contribute to the typical impairments in 
social interaction these individuals display. This dissertation thesis discusses 
crossmodal, and specifically audiovisual, processing abilities in autism. 

What is autism?
Autism is clinically diagnosed when an individual displays abnormalities in a 
triad of behavioral domains: social interaction, communication, and repetitive 
behaviors and obsessive interests (American Psychiatric Association, 1994). In 
the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV), autism is 
the most severe of the Pervasive Developmental Disorders (PDD), which include 
milder forms such as Asperger’s syndrome, and pervasive developmental 
disorder not otherwise specified. Whereas autism is invariably accompanied by 
language delay, people with Asperger’s syndrome share the social impairments 
and repetitive behaviors, but without serious language impairments. The full 
diagnostic criteria of the PDDs, as defined by the DSM-IV criteria, are outlined 
in Table 1 (pages 22 and 23).

The etiology of PDD has not been clarified yet, although genetic factors are 
likely to play a major role (Rutter, 2000). In the absence of biological markers, 
the diagnosis of PDD is typically determined by clinicians using behavioral 
assessments, such as the Autism Diagnostic Observation Schedule (ADOS; 
Lord et al., 1989) and the Autism Diagnostic Interview Revised (ADI-R; Lord 
et al., 1994). The increasing number of neuroscientific studies on PDD has led 
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to many suggestions about the underlying brain abnormalities. The earliest 
as well as the most current theories of PDD focus on impairments in sensory 
perception as possible primary cause of some of the characteristic features 
of the disorder (Dakin & Frith, 2005). For instance, Kanner (1943) already 
mentioned the children’s unusual attention to parts rather than wholes. 
More recently, anomalies in eye gaze and face processing, but also auditory 
hypersensitivity and difficulties in speech understanding, have been linked 
to deficits in sensory perception, which might culminate in the observed 
impairments in social communication (Behrmann et al., 2006). 

However, an often overlooked aspect in sensory perception research is that 
in everyday social life signals arrive from different modalities at the same time. 
We can, for instance, hear a laughing face, and see what someone is saying. 
It is important for the senses to interact rapidly in order to efficiently process 
signals from the environment. Integration across sensory systems plays an 
essential role in communication, and is especially needed during face-to-
face interactions. Given the reported deficits in social communication in PDD 
individuals, there is good reason to hypothesize that multisensory processes, 
in which crossmodal associations are needed, will be especially impaired. 

The list of studies that have systematically investigated the issue of 
multisensory processing in PDD is short, and it remains unclear in what way 
impairments in everyday communication may result from abnormal ‘bottom-
up’ unisensory or multisensory processing, or from inappropriate ‘top-down’ 
attentional processes. Therefore, different factors that may explain how possible 
abnormalities in multisensory perception may serve as causal factors of some 
characteristic features of PDD will be discussed in this thesis. The main focus is 
on multisensory aspects of social processing, and specifically on the interaction 
between the auditory and visual senses. By reducing stimulus ambiguity and 
effects of environmental noise, multisensory processing is particularly relevant 
for perception of emotions and speech from face and voice. In the present 
dissertation thesis, these aspects of multisensory processing are studied by 
using Event Related Potentials (ERPs) and facial Electromyography (EMG). The 
ERP technique provides a way to directly measure electrophysiological brain 
responses to external or internal stimuli as recorded from electrodes placed on 
the scalp. Facial EMG provides a way to study the motor correlates of emotional 
processing, by measuring facial muscle activity when an individual is presented 
with several kinds of emotional stimuli. The most important advantage of these 
psychophysiological research techniques is its time resolution, which is on the 
level of milliseconds. 
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Introducing multisensory perception
The evolutionary basis of multisensory processing capabilities is clear. 
Rapid integration of visual and auditory input disambiguates the percept 
and can speed up responsiveness to social stimuli (Stein & Meredith, 1993). 
It is, for instance, known that watching a speaker’s lips can improve speech 
understanding, especially under conditions of poor auditory intelligibility, 
as in noisy environments (Sumby & Pollack, 1954). Crossmodal influence 
between auditory and visual speech is not limited to situations in which 
auditory input is degraded, as is illustrated by a captivating illusion, known 
as the ‘McGurk effect’ (McGurk & MacDonald, 1976). This illusion is observed 
when an individuals’ perception of the auditory speech signal is altered 
by mismatched visual information. In this case, an auditory “ba” combined 
with a visual “ga” is perceived as “da”. The perception of emotions is similarly 
multisensory in nature, as these are typically communicated through a variety 
of behaviors, like facial expressions, voice expressions, but also body gestures 
and movement. Important in developing adaptive social behavior is the 
ability to quickly integrate these multiple sources of perceptual input. Rapid 
multisensory integration (MSI) not only improves reliability of perception, but 
also provides compensation for various modality-specific impairments. On the 
other hand, deficits in the ability to integrate multisensory inputs might elicit 
many problems in interacting with the social environment. 

Inputs from different sensory modalities converge dependent on the 
temporal and spatial relationship of the different stimuli (Meredith, 2002). 
Environmental events must occur within a certain time frame, with stimuli 
occurring within 100 ms from one another having the highest likelihood of 
eliciting integrative responses. Further, only those stimulus combinations 
arising from more or less the same point in space will result in MSI. The 
neuronal mechanisms responsible for effecting MSI are poorly understood, 
although multisensory responses seem to occur in a fashion that do not 
resemble evoked responses to unisensory inputs. Pioneering studies on 
this subject reported that in some cases the combination of stimuli evoked 
responses that are significantly greater than can be explained from responses 
to the same stimuli presented in isolation, a type of MSI which has been termed 
multisensory enhancement (Meredith & Stein, 1986). This kind of MSI can be 
used for explaining multisensory phenomena like detection facilitation and 
orienting/ escape behaviors, in a sense that when cues from several modalities 
are combined, the neural activity elicited exceeds the threshold for an overt 
response. 

Furthermore, evidence from several studies has detected numerous cortical 
and subcortical multisensory convergence areas, which receive afferent inputs 
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from multiple senses. These include, for instance, the superior colliculus (SC), 
the upper bank of the superior temporal sulcus (STS), several regions within 
the parietal cortex, and premotor and prefrontal regions (Driver & Noesselt, 
2008). Recent insights, however, have led to the realization that MSI does 
not only affect these multisensory convergence zones, but can also affect 
neural responses in areas which were traditionally considered sensory specific 
(Macaluso & Driver, 2005). Even primary auditory areas seem to be affected 
by visual stimuli (Kayser et al., 2007), which may be realized through direct 
connections between primary auditory and visual cortical areas (Falchier et 
al., 2002).

Various levels of multisensory processing: low-level influences
Measurements of multisensory responses in primary sensory brain areas lead 
to the suggestion that MSI may take place relatively early in the processing 
stream. Due to their high temporal sensitivity, ERPs are ideally suited for 
mapping temporal characteristics involved in MSI. Several ERP studies have 
used the method adopted by Giard & Peronnet (1999), in which ERP activity to 
combined audiovisual (AV) stimulation is compared to unimodal presentations. 
Integration can be expressed as a nonlinear response, if the ERPs to the AV 
stimuli do not match those of the summated responses to visual and auditory 
unisensory stimuli (A + V). Using this method, Giard & Peronnet reported that 
MSI can take place at a very early stage of sensory analysis (40 ms poststimulus). 
This finding suggests that MSI can already occur at a low-level, sensory-driven 
stage of processing. 

Using the same kind of analysis, several ERP studies on AV speech perception 
have found significantly smaller auditory ERP peak amplitudes (the so-called 
N1 and P2) in response to AV stimuli, as compared to auditory only conditions, 
indicating that AV speech integration can also occur at this early stage of 
processing (e.g. Besle et al., 2004; Klucharev et al., 2003; van Wassenhove et 
al., 2005). The N1 and P2 peaks are thought to reflect the encoding of acoustic 
information at a pre-phonological level (McArthur & Bishop, 2005). Diminished 
amplitudes in the AV condition could indicate that less processing resources are 
needed for the processing of the information at this stage. Van Wassenhove et 
al. (2005) furthermore demonstrated shorter ERP latencies to AV compared to 
auditory speech presented in isolation, suggesting that the presence of visual 
speech information enhances processing speed of auditory signals. Recently, 
it has been shown that this low-level AV interaction is not speech-specific, but 
merely related to the degree in which any visual signal predicts the auditory 
stimulus (Stekelenburg & Vroomen, 2007). In the case of AV perception visual 
information can precede auditory onset, such as lip movement before speech 
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but also hand movement before clapping, and this visual predictor facilitates 
auditory processing. 

Various levels of multisensory processing: higher-order effects
ERP effects of AV integration are also observed at longer latencies, notably in 
studies where congruency of the auditory and visual input is manipulated. 
In these studies, there are usually two conditions, one congruent, in which 
auditory and visual cues reflect modality specific characteristics of the same 
stimulus, and one incongruent, in which different stimuli are used in the two 
modalities. Differences in ERP responses to these stimuli are indisputable 
evidence of intact higher-order MSI, as a mismatch can only be detected after 
recognition of the unisensory inputs and its functional integration. Note, 
therefore, that congruent and incongruent stimuli consist of the same acoustic 
and visual components. Higher-order integration effects are investigated in 
multimodal perception of speech and emotions (see Figure 1).

The most consistent neuroimaging finding on MSI of speech stimuli is the 
involvement of the posterior part of the STS (Campbell, 2008). Although ERP 
studies cannot speak directly to localization issues, this claim is supported by 
several studies (Klucharev et al., 2003; Lebib et al., 2004). Further, these studies 
revealed that incongruent compared with congruent AV speech stimuli 
modulated ERP activity around 300 ms poststimulus. 

Secondly, there is clear evidence that MSI occurs in the affective domain, 
as for instance de Gelder & Vroomen (2000) found improved behavioral 
judgment accuracy and speed for bimodal versus unimodal recognition 
of emotions. In addition, several ERP studies provide evidence of an early 
perceptual integration of face with voice information in the processing of 
affect (de Gelder et al., 1999; Pourtois et al., 2000). Recent studies indicate 
that emotional crossmodal interactions can affect activity in brain areas that 
are usually thought to be sensory-specific. For instance, the frontal-central P2 
component, which is known to reflect activity from auditory cortical areas, has 
been shown to be sensitive to the congruency between emotions conveyed 
through the face and the voice (Pourtois et al., 2002). 

Additionally, an fMRI study showed enhanced neural activity to fearful 
faces only when these were accompanied by fearful voices in a region of the 
ventral occipital cortex, known as the Fusiform Face Area (FFA; Dolan et al., 
2001). Functional connectivity analyses suggest that this crossmodal effect is 
modulated by connections between the FFA and the amygdala (Ethofer et al., 
2006). The amygdala is located deep within the medial temporal lobes, and is 
functionally connected to numerous brainstem nuclei, subcortical and cortical 
structures. Of particular interest is its involvement with the rapid processing of 
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threatening information and fear behavior (LeDoux, 2000). The FFA is implicated 
in face detection, categorization, and identity recognition (Kanwisher et al., 
1997). A functional consequence of this crossmodal fear effect is enhanced 
attention and perceptual processing of the emotion-eliciting event (Damasio, 
1999). 

Figure 1 A model for audiovisual integration, adapted from Campanella & Belin (2007). Integration takes 

place directly between sensory specific processing areas (left-right arrows), and between sensory-specific and 

multisensory convergence areas (L-shaped arrows)

More on the processing of emotions
Perceptual processing of emotional signals plays a key role in social 
interactions in humans, which is to a large extent communicated through facial 
expressions. Darwin (1872) already noted the importance of facial expressions 
as the biological basis for social communication. From EMG studies, it is now 
well known that viewing facial expressions generates subtle changes in 
an observer’s facial muscle activity. Such changes are seldom visible to the 
naked eye, but EMG can reliably measure them. Specifically, viewing happy 
faces elicits increased zygomaticus major activity, whereas negative stimuli 
(e.g., angry faces) spontaneously evoke increased corrugator supercilii muscle 
activity (Dimberg, 1982). Corrugator supercilii moves the brows down into a 
frown and zygomaticus major elevates the cheeks and pulls the corners of the 
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mouth back and upwards into a smile. 
Faces, however, are not unique in evoking an automatic muscle reaction 

in the observer. Older studies on facial EMG activity have established that an 
emotional facial reaction is observed in response to auditory stimuli as well 
(e.g. Hietanen et al., 1998). These findings suggest that emotional stimuli, rather 
than faces per se, trigger facial motor behavior in the observer, and that this 
reaction is therefore not strictly an instance of mimicry of the stimulus. Instead, 
the results are compatible with the notion that the perception of emotions 
triggers recognition of the emotion, which in turn activates motor structures 
in the brain. Since the same pattern of EMG reactivity is found in response to 
facial and to vocal affect expressions, it is possible to evaluate what the voice 
contributes to the motor response when combined with the face, i.e. the effect 
of the integration of emotional cues. The early integration of emotional stimuli 
from the auditory and visual modality is an important mechanism in producing 
rapid adaptive responses (e.g. de Gelder, Böcker, Tuomainen, Hensen, & 
Vroomen, 1999), and therefore relevant to studies on PDD. 

Furthermore, facial EMG responses are also observed when participants 
are not aware of a facial expression, because it has been shown very briefly or 
rendered subjectively invisible by a mask (Dimberg et al., 2000). The similarity 
between the EMG measures obtained for normal and masked presentation 
indicates that automatic responses rather than intentional imitation are at the 
basis of this reaction. This characteristic makes the EMG response insensitive 
to behavioral compensation strategies and is, therefore, highly suitable for 
measuring emotion processing in PDD. Unraveling the close link between 
processing of emotions in the face and voice, and activation of emotion related 
motor activity as measured by facial EMG might shed more light on what is 
underlying the lack of emotional reciprocity in PDD.

Multisensory processing in autism
Individuals with PDD may not have a similar ability as others in picking up, 
processing, and interpreting sensory information from multiple sources at once. 
Indeed, difficulties with integration of information across different sensory 
modalities have been suggested in the literature as an important problem in 
PDD (e.g. Bryson, 1970; Frankel et al., 1984; Lovaas & Schreibman, 1971; LeLord 
et al., 1973; Martineau et al., 1992; Waterhouse et al.,1996). Several other ‘older’ 
studies that have examined MSI in PDD found no differences between PDD 
individuals and typically developing individuals (Hobson et al., 1988; Ozonoff 
et al., 1990; Walker-Andrews et al., 1994). However, early studies regarding 
MSI in PDD were based on then current knowledge of sensory processing. 
Therefore, the question can be raised how well current multisensory theories 
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relate to these findings, and what new insights from neuroscience might add.
Recent evidence implicates that the integration of low-level stimuli (e.g. 

bleeps and flashes) is normal in PDD (van der Smagt et al., 2007). Intact 
low-level integration does however not necessarily imply that higher-order 
processing stages are intact. Recent research on MSI of higher-order stimuli 
such as emotions and speech, however, is still scarce. Behavioral studies on 
bimodal speech recognition in PDD brought conflicting results, as some 
reported deficits (Smith & Bennetto, 2007), while other groups argued that 
individuals with PDD show normal MSI of speech stimuli (Massaro & Bosseler, 
2003; Williams et al., 2004). 

Also, behavioral studies investigating MSI of emotional signals in PDD 
showed conflicting evidence. Hobson (1986) found behavioral impairments in 
the autistic children’s ability to match photographed facial expressions with 
emotional gestures and voices, although in a replication of this experiment 
(Prior et al., 1990), no impairments were found. More recently, Loveland et 
al. (1997) measured behavioral recognition of facial and vocal expressions in 
PDD, but found no differences with control individuals, although O’Conner 
(2007) suggested that PDD individuals were less accurate at distinguishing 
between congruent and incongruent expressive faces and voices. However, 
with standard behavioral methods it is difficult to rule out compensation 
strategies. Therefore, finding intact integration at the behavioral level does not 
necessarily imply that underlying neural mechanisms are intact. Investigating 
the temporal dynamics of MSI using the high temporal resolution of ERPs and 
EMG may elucidate whether abnormalities in integration abilities contribute 
to the observed impairments in social communication in PDD. To date, there is 
no convincing ERP or EMG evidence on neither low-level nor higher-order MSI 
in PDD, which is sufficiently incorporated in modern theories of MSI. Given the 
conflicting behavioral evidence and the very little comparative work that has 
been done in the area of multisensory perception, there is certainly need for 
further exploration of the determinants of MSI in PDD.

General research aims
The central research aim in the present thesis was to increase our understanding 
of multisensory processing abilities in PDD individuals, and investigate how 
possible impairments might be related to clinical features of the disorder. For 
this purpose, we aimed at investigating MSI at various levels of processing, 
using several research techniques. We recruited a very homogeneous sample 
of high-functioning young-adult PDD individuals, and compared our research 
findings with a group of typically developing individuals matched on IQ, 
sex, and age. We tried to disentangle low-level from higher order processing 
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abilities. Therefore, we presented several kinds of audiovisual stimuli to a 
group of PDD individuals and controls, varying from simple tones and flashes, 
to relatively complex facial expressions and vocalizations. ERPs were used to 
assess the different temporal phases of MSI. The standard method applied to 
measuring low-level MSI was by comparing ERP activity to combined auditory-
visual (AV) stimulation to activation evoked by unimodal presentation. Higher-
order integration effects were found by calculating the difference in ERP 
activity between congruently and incongruently dubbed AV stimuli. Facial 
EMGs were measured to study emotional motor responses to several kinds of 
facial and vocal expressions. Also, we tried to unravel true MSI abilities from 
other factors that might influence integration processing. For this purpose, we 
investigated to what extent stimulus-related factors (e.g. clarity of the percept), 
and task-related factors (e.g. attention) play a role in MSI and how these may 
be influencing multisensory processes differently in PDD individuals.

Outline of the thesis
In Chapter 2 we investigated facial EMG responses in healthy individuals to 
emotional expressions in faces, face-voice combinations, and whole bodies. 
We hypothesized that the perceived emotions in all stimulus categories 
evoke emotion-congruent facial muscle activity. This means that increased 
corrugator muscle responses were expected to all fearful stimuli, and increased 
zygomaticus muscle responses were expected to all happy stimuli. The similarity 
in responding to emotions from different kinds of stimuli argues in favor of the 
notion that it is the perception of emotions that triggers recognition of the 
emotion, which in turn activates motor structures in the brain. At the same 
time, our hypothesis argues against the view that the EMG reaction is strictly 
based on mimicry initiated in motor neurons and as such constitutes evidence 
for motor simulation as the basis of emotion perception, as suggested by 
mirror neuron theorists. 

In Chapter 3 we investigated facial EMG responses in healthy and PDD 
individuals to emotional expressions in faces and face-voice combinations. 
This emotionally driven EMG activity is considered to be a direct correlate of 
automatic affect processing that is not under intentional control. Consequently, 
EMG responses are thought not to be affected by behavioral compensation 
strategies, which PDD individuals might adopt in reaction to impairments 
in emotion recognition. By this means, we were, in the first place, able to 
investigate reflex-like motor responses to emotions observed in the face, and 
reflect on what cause is underlying the lack emotional reciprocity in PDD. In the 
second place, we were able to measure motor correlates of MSI of emotional 
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stimuli in PDD individuals.

In Chapter 4 we investigated low-level MSI in PDD individuals, individuals 
with schizophrenia, and healthy controls. Low-level MSI was measured using 
the crossmodal P50 suppression paradigm. In the traditional P50 paradigm, 
two identical auditory stimuli (e.g. short tones) are presented within 500 
ms. ERP responses are typically smaller to the second than the first stimulus, 
indicating an inhibition process known as sensory gating. Crossmodal gating is 
defined by the amount of ERP suppression measured to the auditory stimulus 
following a visual pre-pulse (e.g. light flash). Deficits in unimodal sensory 
gating have repeatedly been found in individuals with schizophrenia, but not 
in PDD individuals. The crossmodal gating paradigm provides large potential 
for studying low-level MSI in schizophrenia and ASD as it might give crucial 
information regarding rapid, perceptually driven aspects of AV integration. 
Furthermore, it also gives important information regarding functional integrity 
of neuronal connections between visual and auditory processing areas in both 
disorders.

In Chapter 5 we investigated MSI of speech stimuli in PDD individuals and age- 
and IQ matched controls using EEG, measuring both early pre-phonological, as 
well as late phonologically driven integration. As stimuli, we used short videos 
of a woman’s face producing the utterances /aba/ and /ada/. These were 
presented in separate blocks of visual, auditory, or audiovisual information. 
Incongruent AV pairs were created by dubbing auditory /aba/ with visual /
ada/ and vice versa. By comparing both unimodal stimulus conditions to the 
bimodal condition, we were able to measure the influence of visual speech on 
early peaks in the auditory ERP, indicating low-level integration. Higher-order 
MSI was measured by calculating the difference in ERP activity to congruent 
and incongruent AV speech. We hypothesized that differences in late ERP 
components to these stimuli reflect detection of incongruency of phonological 
features of the stimuli, and we expected this higher-order integration to be 
abnormal in individuals with PDD. 

In Chapter 6 we investigated to what extent impairments in recognition of 
emotions in PDD individuals may have its roots in abnormal higher-order 
MSI of emotional cues provided by the sight of a facial expression and an 
emotional tone of voice. ERP responses were measured to facial expressions 
and to emotionally congruent and incongruent face-voice pairs. By this means 
we examined effects of facial emotions on face-selective ERP peaks, and were 
furthermore able to measure crossmodal emotional congruency effects on 
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visual as well as auditory ERP peaks. We hypothesized that in controls the 
largest effects of crossmodal congruency would be seen in response to fearful 
face-voice pairs, on both visual and auditory cortical ERP components. A 
result indicating that this effect is not obtained in individuals with PDD, would 
provide evidence for disintegrated processing of visual and auditory emotions 
in this group.

In Chapter 7 we investigated the influence of attention on the integration 
of emotional visual and auditory information in PDD individuals, using ERPs. 
Attentional impairments are among the most consistently reported cognitive 
deficits in PDD, and are particularly explicit in the patient’s ability to divide 
attention between auditory and visual modalities. The critical question 
remains whether possible anomalies in emotional MSI arise from deficits in 
specific processes related to integration abilities, or from impairments in 
attentional capacity. Therefore, ERPs were measured following emotionally 
congruent and incongruent face-voice pairs in PDD individuals and age- and 
IQ-matched controls. MSI was studied while attention was directed to both 
modalities or while participants were either mildly or heavily distracted from 
the emotion eliciting event. ERPs to AV stimuli were compared with the sum of 
the ERPs to auditory and visual stimuli, measuring low-level MSI. The difference 
in ERP activity to congruent and incongruent AV stimuli indicated higher-
order, or emotion related, MSI. In line with previous research on this topic, 
we hypothesized that MSI effects were most pronounced when auditory and 
visual components of the stimuli were both attended and gradually attenuated 
as distracter load increased (Talsma et al., 2007). Concerning PDD individuals, 
we tested to what extent ERP modulation to AV emotional stimuli might be 
influenced by anomalies in divided crossmodal attention.

In Chapter 8 we investigated the influence of visual and auditory noise on 
MSI of emotional signals in PDD individuals, using ERPs. Recent evidence 
showed that perceptual clarity influences the extent in which information from 
different sensory modalities is integrated (Stanford et al., 2005). Multisensory 
responses seem to be maximally enhanced under circumstances where 
the unisensory stimuli are least effective. At higher intensities, redundant 
information is provided by both unisensory inputs, and the need for MSI is 
lessened. Given the claims of atypical unimodal sensory perception in PDD, 
one might speculate that stimulus-related factors such as perceptual clarity 
influence MSI differently in PDD individuals. Therefore, we measured ERP 
activity to bimodal and unimodal emotional stimuli, while we manipulated 
visual and auditory stimuli by several levels of noise. Firstly, we compared 
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both unimodal conditions to the bimodal condition (emotional face-voice 
combinations), and measured the influence of visual emotional information on 
auditory ERPs, and vice versa, the influence of auditory emotional information 
on visual ERPs. We hypothesized that differences in ERP activity to bimodal and 
unimodal conditions were detected most strongly when stimuli were mildly 
degraded by noise. Using multiple levels of SNR allowed us the opportunity to 
see at which ratio optimal MSI occurred, and whether there was a difference 
in this respect with PDD individuals. In the second place, the difference in ERP 
activity to congruent and incongruent AV emotional information was used 
to measure higher-order integrative processes. Further, by comparing these 
conditions between separate noise levels, we investigated the influence of 
noise on higher-order MSI.



22 M. J. C. M. Magnée - Do you see what I am saying?

Table 1  Diagnostic criteria for Pervasive Developmental Disorders, according to the DSM-IV

I. Childhood autism 

A. A total of six (or more) items from (1), (2), and (3), with at least two from (1), and one 
each from (2) and (3): 

1. Qualitative impairment in social interaction, as manifested by at least two 
of the following: 

a. marked impairment in the use of multiple nonverbal behaviors 
such as eye-to-eye gaze, facial expression, body postures, and 
gestures to regulate social interaction. 

b. failure to develop peer relationships appropriate to 
developmental level 

c. a lack of spontaneous seeking to share enjoyment, interests, 
or achievements with other people (e.g., by a lack of showing, 
bringing, or pointing out objects of interest) 

d. lack of social or emotional reciprocity 

2. Qualitative impairments in communication as manifested by at least one of 
the following: 

a. delay in, or total lack of, the development of spoken language 
(not accompanied by an attempt to compensate through 
alternative modes of communication such as gesture or mime) 

b. in individuals with adequate speech, marked impairment in the 
ability to initiate or sustain a conversation with others 

c. stereotyped and repetitive use of language or idiosyncratic 
language 

d. lack of varied spontaneous make-believe play or social imitative 
play appropriate to developmental level 

3. Restricted, repetitive, and stereotyped patterns of behavior, interests, and 
activities, as manifested by at least of one of the following: 

a. encompassing preoccupation with one or more stereotyped 
and restricted patterns of interest that is abnormal either in 
intensity or focus 

b. apparently inflexible adherence to specific, nonfunctional 
routines or rituals 

c. stereotyped and repetitive motor mannerisms (e.g. hand or finger 
flapping or twisting, or complex whole body movements) 

d. persistent preoccupation with parts of objects 

B. Delays or abnormal functioning in at least one of the following areas, with onset prior 
to age 3 years: (1) social interaction, (2) language as used in social communication, or 
(3) symbolic or imaginative play. 

C. The disturbance is not better accounted for by Rett’s disorder or childhood 
disintegrative disorder.  
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II. Asperger’s syndrome 

A. Qualitative impairment in social interaction, as manifested by at least two of the 
following: 

1. marked impairment in the use of multiple nonverbal behaviors such as 
eye-to-eye gaze, facial expression, body postures, and gestures to regulate 
social interaction 

2. failure to develop peer relationships appropriate to developmental level 

3. a lack of spontaneous seeking to share enjoyment, interests, or 
achievements with other people (e.g., by a lack of showing, bringing, or 
pointing out objects of interest) 

4. lack of social or emotional reciprocity 

B. Restricted, repetitive, and stereotyped patterns of behavior, interests, and activities, as 
manifested by at least of one of the following: 

1. encompassing preoccupation with one or more stereotyped and restricted 
patterns of interest that is abnormal either in intensity or focus 

2. apparently inflexible adherence to specific, nonfunctional routines or 
rituals 

3. stereotyped and repetitive motor mannerisms (e.g. hand or finger flapping 
or twisting, or complex whole body movements) 

4. persistent preoccupation with parts of objects 

C. The disturbance causes clinically significant impairment in social, occupational, or 
other important areas of functioning. 

D. There is no clinically significant delay in language (e.g., single words used by age 2 
years, communicative phrases used by age 3 years). 

E. There is no clinically significant delay in cognitive development or in the development 
of age-appropriate self-help skills, adaptive behavior (other than in social interaction), 
and curiosity about the environment in childhood. 

 F. Criteria are not met for another specific pervasive developmental disorder or 
schizophrenia. 

III. PDD-NOS

This category should be used when there is a severe and pervasive impairment in the development of 
reciprocal social interaction or verbal and nonverbal communication skills or when stereotyped 
behavior, interests, and activities are present but the criteria are not met for a specific pervasive 
developmental disorder, schizophrenia, schizotypal personality disorder, or avoidant personality 
disorder. For example, this category includes “atypical autism” -- presentations that do not 
meet the criteria for autistic disorder because of late age at onset, atypical symptomatology, or 
subthreshold symptomatology, or all of these. 

Criteria for Childhood Disintegrative Disorder and Rett Disorder are not shown
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Abstract
Background: Observing facial expressions automatically prompts imitation, 
as can be seen with facial electromyography. Methods: To investigate whether 
this reaction is driven by automatic mimicry or by recognition of the emotion 
displayed we recorded electromyograph responses to presentations of facial 
expressions, face-voice combinations and bodily expressions, which resulted 
from happy and fearful stimuli. Results: We observed emotion-specific facial 
muscle activity (zygomaticus for happiness, corrugator for fear) for all three 
stimulus categories. Conclusions: This indicates that spontaneous facial 
expression is more akin to an emotional reaction than to facial mimicry and 
imitation of the seen face stimulus. We suggest that seeing a facial expression, 
an emotional body expression or hearing an emotional tone of voice all activate 
the affect program corresponding to the emotion displayed.
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Introduction
The close link between emotion and motor activity has been a constant theme 
in the emotion literature since at least Darwin’s time (Darwin, 1872). Yet many 
different interpretations of it have been offered over time and the nature of the 
relation is far from clear. This might be partly due to the fact that many of the 
current insights about the perception of emotions are based on investigations 
of facial expressions. Recent findings, however, have drawn attention to 
the importance of voice cues and body language in emotion perception. 
Comparing the reactions these emotional signals evoke in the observer 
may add new dimensions to the understanding of human emotions and its 
neurobiological basis. Here we address this issue by investigating whether 
spontaneous mimicry of facial expressions is stimulus specific. This mimicry 
was recently linked to imitation in the observer of the facial expression, shown 
under the assumption that this imitation reflects activation in the mirror 
neuron system generated by observation of the specific facial expression. 

Previous research has shown that presentation of facial expressions can 
generate subtle changes in an observer’s muscle activity, which are seldom 
visible to the naked eye but can be reliably detected by electromyography 
(EMG). Specifically, viewing happy faces elicits increased zygomaticus major 
activity, whereas negative expressions (e.g. angry faces) evoke increased 
corrugator supercilii activity (Dimberg, 1982). Corrugator supercilii moves the 
brows down into a frown and zygomaticus major elevates the cheeks and pulls 
the corners of the mouth back and upwards into a smile. Facial EMG activity 
is also observed when participants are not aware they see a facial expression, 
because it may have been shown very briefly or rendered subjectively invisible 
by a mask (Dimberg et al., 2000). The similarity between the EMG measures 
obtained for normal and masked presentation indicates that automatic 
mimicry rather than intentional imitation is at the basis of this reaction. 

Faces, however, are not unique in evoking an automatic reaction in the 
observer. Older studies on facial EMG activity have established that an 
emotional facial reaction is observed in response to auditory stimuli (Bradley & 
Lang, 2000; Dimberg, 1990; Hietanen et al., 1998). These findings suggest that 
emotional stimuli, rather than faces per se, trigger facial motor behavior in the 
observer, and that this reaction is therefore not strictly an instance of mimicry 
of the stimulus. 

To elaborate on these findings, this study investigated the hypothesis that 
perception of an emotional stimulus triggers an emotional reaction in the 
observer based not on mimicry but on recognition of the emotion. We want, 
therefore, to extend this well-known paradigm to the domain of multisensory 
integration (MSI) of emotions, and to the perception of body language. Several 



28 M. J. C. M. Magnée - Do you see what I am saying?

studies now indicate the importance of rapid processing of multiple emotional 
cues, which have reciprocal effects on successful social communication. The 
perception of emotions in the face is, for instance, influenced by the emotion 
displayed in the tone of voice. This MSI is found in behavioral response 
facilitations in audiovisual (AV) emotion processing (de Gelder & Vroomen, 
2000), and has, furthermore, been shown to occur in the earliest stages of 
processing (de Gelder et al., 1999). One approach to evaluating MSI is to compare 
AV-congruent with AV-incongruent emotional information: a difference in the 
responses to these stimuli is seen as a signature effect of MSI. 

Additionally, normal observers are very adept at reading the emotional 
meaning of body language (Darwin, 1872). So far, no direct comparison has 
been made between EMG responses to emotional faces and to body gestures. 
However, a reason exists to believe that seeing body expressions will lead 
to a facial reaction specifically attuned to the emotion expressed in the 
stimulus. Recently, de Gelder and her colleagues (2004) used functional MRI to 
investigate the reaction of the brain to visual cues of fearful body postures. A 
network of brain structures corresponding to a mechanism of automatic fear 
contagion is activated when observers view fearful body images. Importantly, 
brain areas and structures prominently involved in seeing fearful bodies are 
the visual and temporal areas, as well as the premotor and motor structures 
(de Gelder, 2006). 

Here we investigated facial EMG to emotional expressions in faces, 
face–voice combinations, and emotional expressions of the whole body. 
We hypothesized that the perceived emotions, expressed by emotionally 
congruent AV stimulus combinations and by whole-body gestures, evoke 
emotion-congruent facial muscle activity. In the first experiment, facial EMG 
responses were measured during the presentation of face–voice stimulus pairs. 
We hypothesized that for the congruent (voice and face expressing the same 
emotion) stimulus pairs, happy AV trials lead to increased zygomatic activity 
and fearful AV trials to increased corrugator activity. The second experiment 
measured facial EMG reactions to happy and fearful faces and body expressions 
to test whether viewing fear in either faces or body postures similarly increases 
corrugator activity, and whether viewing happiness, instead, also similarly 
increases zygomatic activity.
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Method
Experiment 1: Facial electromyograph to happy and fearful face–voice 
pairs

Participants
Thirteen healthy, native Dutch-speaking men (12 right-handed, one left-
handed; average age 23.0 years and SD=2.9) participated in this study. They 
all had normal or corrected-to-normal vision. Written informed consent was 
obtained from each participant before the session, according to the Declaration 
of Helsinki (2000). They were paid for their participation.

Materials and procedure
Stimuli consisted of AV-stimulus pairs with either a congruent or an 
incongruent affective content. Visual stimuli consisted of six happy and six 
fearful faces (equally matched between men and women) taken from the 
Ekman series (Ekman & Friesen, 1976). Auditory stimuli consisted of spoken 
sentence fragments with a neutral content, which were pronounced in 
either a happy or fearful tone of voice (the Dutch sentence fragment ‘met het 
vliegtuig’ meaning ‘by plane’). Combinations were always of the same sex, and 
the same actors participated in the happy and fearful stimulus combinations. 
Stimuli are described in more detail in (Dolan et al., 2001). Each visual stimulus 
was combined with a spoken fragment, resulting in 12 congruent and 12 
incongruent stimulus pairs. The size of the portraits was 19 cm height x 13cm 
width, which at the mean viewing distance of 80cm corresponds to a visual 
angle of 13.5 x 9.2°. The mean luminance of the pictures was 38 cd/m2 on a 2.5 
cd/m2 background. The mean duration of the auditory stimuli was 1022 ms 
(ranging from 900 to 1100 ms); the mean level for sound was 60 dB(a) delivered 
over one loudspeaker placed directly below the screen.

A trial started with the presentation of the face. After 900 ms, the auditory 
stimulus was presented, whereas the face remained on screen until the end of 
the voice fragment. This delay was introduced to be able to analyze the visual 
and the AV EMG responses separately. The six resulting stimulus categories 
were as follows: visual happy, visual fear, congruent AV happy, congruent AV 
fear, incongruent auditory happy-visual fear and incongruent auditory fear-
visual happy. 

Participants were comfortably seated in chairs in a soundproof experimental 
chamber. They were instructed to judge the sex of each stimulus pair, by pushing 
one of two designated buttons on a response box. To avoid any response-related 
components in the ongoing EMG signal, they were instructed not to respond 
until after the visual stimulus was withdrawn. Intertrial interval was chosen 
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randomly between 1000 and 1500 ms, immediately after the participant’s 
response. During this interval, a central fixation cross was presented on the 
screen. Stimuli within a total of eight blocks of 24 AV trials (equal amount of 
congruent and incongruent stimuli) were presented randomly.

Recordings
Electrode placement followed the guidelines given by Fridlund and Cacioppo 
(1986). Electrodes were placed on the left side of the face, in accordance with 
higher sensitivity on the left half of the face half (Dimberg & Petterson, 2000). 
On each facial muscle (zygomaticus major and corrugator supercilii), two Ag/ 
AgCl flat-type active electrodes (BIOSEMI, Amsterdam, The Netherlands), each 
with a contact area of 2 mm and casing of 11 mm diameter, were placed in a 
direction parallel to the muscle and with a distance of 15 mm between the 
electrode centers.

During the recording, EMG signals were filtered (DC-134 Hz, -3 dB) at a 
sample rate of 512 Hz. Subsequently, EMG signals were filtered offline (high-
pass 20 Hz, 48 dB/ octave), full-wave rectified and checked for gross movement 
associated with irrelevant activities. The raw data were segmented into epochs 
for visual and AV categories separately. The two visual-stimulus categories 
consisted of a 500-ms prestimulus baseline condition and a 900-ms visual 
stimulus condition. The four AV-stimulus categories consisted of similar 500-
ms prestimulus and 900-ms visual-stimulus conditions, and an extra 900-ms 
AV-stimulus condition. For the two visual-stimulus categories, mean rectified 
EMG amplitudes were calculated for the 900-ms visual-stimulus conditions. 
The AV categories contained mean rectified-EMG amplitudes for the 900-ms 
AV stimulus conditions. Subsequently, these data points were depicted as a 
percentage of the mean prestimulus baseline amplitude. 

Two separate multivariate analyses of variance (MANOVA) were performed 
(visual and AV) for each muscle region. MANOVA analyses for the visual 
EMG consisted of one within-participant factor for emotions at two levels 
(happy vs. fear). In the AV conditions, we tested – separately for corrugator 
and zygomaticus – whether the EMG activities in response to congruent and 
incongruent AV stimuli differed from each other, using the within-participant 
factors – Emoface (happy vs. fear) and Emovoice (happy vs. fear). A significant 
interaction between the two variables can be decomposed into the specific 
contrast effects in which the effect of congruency is tested.
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Results
We found increased corrugator activity when participants were confronted 
with fearful faces (mean ± SE: 103.8% ± 0.9), compared with the corrugator 
response to happy faces (101.7% ± 0.6), F(1,12) = 5.10, p < 0.05. Viewing happy 
faces evoked significantly greater zygomatic muscle activity (99.0% ± 0.9) than 
viewing fearful faces (96.3% ± 1.0), F(1,12) = 5.67, p < 0.05. 

Facial EMG responses of the corrugator muscle to AV stimuli revealed no 
significant effect of Emoface and a marginally significant effect of Emovoice, 
F(1,12) = 3.86, p = 0.07. The interaction between the two variables was significant 
F(1,12) = 5.46, p < 0.05. Congruent fearful AV interactions evoked increased 
corrugator activity, F(1,12) = 5.02, p < 0.05, compared with the condition where 
a happy voice was added to a fearful face (Table 1). Presentation of a fearful 
voice did not evoke corrugator activity when added to a happy-face (F < 1). 

Concerning the AV-EMG responses of the zygomaticus muscle, MANOVA 
analyses revealed no significant effect of Emoface and a marginally significant 
effect of Emovoice, F(1,12) = 3.99, p = 0.07. Again, the interaction between 
the two variables was significant, F(1,12) = 10.19, p < 0.01. Congruent happy 
AV trials elicited increased zygomatic activity, F(1,12) = 14.34, p < 0.01, when 
compared with incongruent happy-face–fearful-voice. Similarly, zygomaticus 
muscle activity was not increased when a happy voice was presented together 
with a fearful face (F < 1).

Table 1 EMG activity to congruent and incongruent happy and fearful face-voice pairs: depicted is the percentage 

of muscle activity compared with baseline

Method
Experiment 2: Facial electromyograph to happy and fearful body 
postures

Participants
Thirteen healthy, native Dutch-speaking new students, 9 women and 4 men (11 
right-handed, two left-handed; average age 20.9 years, SD = 3.6) participated 
in the study. They all had normal or corrected-to-normal vision. Written 

Corrugator Zygomaticus
Fearful face

(SE)
Happy face

(SE)
Fearful face

(SE)
Happy face

(SE)
Fearful voice 108.1 (3.6) * 102.4 (1.0) 94.9 (1.7) 93.3 (1.8)

Happy voice 102.7 (1.5) 102.4 (0.8) 95.4 (2.2) 100.4 (1.8) *
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informed consent was obtained from each participant before the session, 
according to the Declaration of Helsinki (2000). They all received course credits 
for participation.

Materials and procedure
Stimuli consisted of pictures of eight happy and eight fearful faces (equally 
matched between men and women) taken from Ekman & Friesen (1976), and 
whole bodies of eight women who each adopted a fearful and a happy posture. 
To minimize face processing during the presentation of bodies, the faces on 
the photographs were masked with an opaque gray patch. The mean size of 
the body pictures was equal to that of the face pictures, with a mean height 
of 19 cm and width of 13 cm. At a mean viewing distance of 80 cm, these sizes 
correspond to a visual angle of 13.5 x 9.2°. The mean luminance of the pictures 
was 38 cd/m2 on a 2.5 cd/m2 background. Further details of body pictures can 
be found in de Gelder et al. (2004). 

A total of 32 images (eight happy bodies, eight fearful bodies, eight happy 
faces, eight fearful faces) was selected and randomly shown within a total of 
three consecutive blocks. The stimulus duration was 2000 ms, followed by 
an intertrial interval varying randomly between 1000 and 3000 ms. Stimulus 
presentation was preceded by a central fixation cross with a random duration 
of between 500 and 1500 ms. Participants were instructed to pay attention 
to the images, but no behavioral data were collected to avoid any response-
related components in the ongoing EMG. Afterwards, participants were given 
a short recognition task. Here, a total of 32 images (16 bodies, 16 faces) were 
randomly shown: 20 images were in the actual experiment, 12 were not. The 
task was to judge whether they recognized the images from the experiment. 

Recordings
Recordings were as described for Experiment 1, except that the raw data were 
segmented into epochs of 2500 ms, including a 500-ms prestimulus interval 
and a 2000-ms stimulus condition period. We used a separate MANOVA for 
each muscle group. These consisted of the within-participant factors: stimulus 
with two levels (face vs. body) and emotion with two levels (happiness vs. 
fear).

Results
Analyzing the MANOVA of the corrugator response to happy and fearful faces 
and bodies revealed a significant main effect of emotion, F(1,12) = 9.35, p < 
0.01, indicating increased activity to fearful stimuli (103.3% ± 1.2) compared 
with happy stimuli (97.9% ± 1.3). Furthermore, we found a significant effect in 
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the case of stimulus, F(1,12) = 22.70, p < 0.001, meaning that the percentage 
of average corrugator activity was higher in response to bodies than faces. 
No significant interaction effect was seen between the variables emotion and 
stimulus, F(1,12) = 1.35, p = NS. 

For the zygomaticus response to happy and fearful faces and bodies, we 
also again found a significant main effect in the case of emotion, F(1,12) = 
8.53, p < 0.05. Here, zygomaticus activity was more pronounced in response 
to happy stimuli (101.9% ± 0.9), compared with fearful stimuli (97.6% ± 1.0). 
We found a marginally significant effect for stimulus F(1,12) = 4.52, p = 0.055, 
which was represented by increased activity in response to faces rather than 
with bodies. Again, there was no interaction between the two independent 
variables F(1,12) = 1.76, p = NS. Results from the behavioral recognition tasks 
presented afterwards indicate that the mean rate of recognition of the stimuli 
was 92% correct (range 84–100%).

General discussion
Our goal was to investigate whether emotional facial muscle activity as 
measured by facial EMG is obtained in response to presentation of happy or 
fearful facial expressions, face– voice combinations and bodily expressions. 
On the basis of the emotions we selected for the present study, we measured 
facial EMG to zygomaticus major and corrugator supercilii, as pleasant stimuli 
typically elicit greater activity in the zygomatic muscle whereas unpleasant 
stimuli evoke more corrugator activity. 

The main result from Experiment 1 is that congruent AV pairs increased 
emotion-specific facial muscle activity, that is, congruent fearful AV pairs 
increased corrugator activity, whereas congruent happy presentations 
increased zygomaticus major activity compared with emotionally incongruent 
AV pairs. Experiment 2 revealed that fearful body expressions produced 
increased corrugator activity in the observer, and zygomaticus major activity 
was more pronounced in response to happy than to fearful body expressions. 

The observed response similarity when perceiving facial expressions, face-
voice combinations and body postures argues against the view that the EMG 
reaction is strictly based on mimicry initiated in motor neurons and as such 
constitutes evidence for motor simulation as the basis of emotion perception, 
as suggested by mirror neuron theorists (Gallese et al., 2004). Instead, the 
results are compatible with the notion that the perception of emotions triggers 
recognition of the emotion, which in turn activates motor structures in the 
brain. This is consistent with the view that emotions processed through face, 
voice and bodily expressions share an overlapping representation of emotion-
specific affect programs (Tomkins, 1963). A growing amount of research points 
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to the amygdala as a brain structure that is particularly involved in this process 
(Adolphs, 2006; de Gelder, 2006). 

Emotion-specific facial reactions are evident in all the stimulus categories 
investigated. In some stimulus categories, the EMG response was not increased 
in comparison with the prestimulus baseline activity. Similar results have already 
been described by Dimberg and colleagues (2000), and were explained by the 
fact that these effects are influenced by anticipatory activity during baseline, 
preventing absolute increases in comparison with the prestimulus interval. 
Anticipatory responses are unavoidable when there is high certainty about the 
moment of stimulus presentation. These might be weakened by introducing 
larger variations in intertrial interval. Note that in Experiment 2 we find a 
significant Stimulus effect, meaning that body stimuli elicited more corrugator 
and less zygomatic activity than facial stimuli. A plausible explanation of 
this phenomenon is that stimulus characteristics other than the emotional 
content influenced facial muscle activity during the experiment. Again, these 
differences do not obscure the effects related to the emotion displayed in the 
stimulus.

Conclusion
Facial EMG activity is similarly observed in response to happy and fearful faces, 
emotionally congruent face-voice combinations and body expressions. Our 
results plead in favor of a perceptual process in which emotion recognition, 
and not mimicry, triggers the motor activity, as the latter is triggered 
interchangeably by all three stimulus categories.
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Abstract
Background: Despite extensive research, it is still debated whether impairments 
in social skills of individuals with Pervasive Developmental Disorder (PDD) are 
related to specific deficits in the early processing of emotional information. We 
aimed to test both automatic processing of facial affect as well as the integration 
of auditory and visual emotion cues in individuals with PDD. Methods: In 
a group of high functioning adult individuals with PDD and an age- and IQ 
matched control group, we measured facial electromyography (EMG) following 
presentation of visual emotion stimuli (facial expressions) as well as the 
presentation of audiovisual emotion pairs (faces plus voices). This emotionally 
driven EMG activity is considered to be a direct correlate of automatic affect 
processing that is not under intentional control. Results: Our data clearly 
indicate that among individuals with PDD facial EMG activity is heightened 
in response to happy and fearful faces, and intact in response to audiovisual 
affective information. Conclusions: This study provides evidence for enhanced 
sensitivity to facial cues at the level of reflex-like emotional responses in 
individuals with PDD. Furthermore, the findings argue against impairments in 
crossmodal affect processing at this level of perception. However, given how 
little comparative work has been done in the area of multisensory perception, 
there is certainly need for further exploration. 
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Introduction
Pervasive Developmental Disorder (PDD) refers to a group of DSM-IV 
developmental disorders of which childhood autism is the most severe 
(American Psychiatric Association, 1994). It is characterized by qualitative 
deficits in social interaction and communication and by stereotyped, repetitive 
behaviors. Among the most characteristic interactional impairments is the 
lack of social and emotional reciprocity. In his original work on the syndrome 
of childhood autism, Kanner (1943) already mentioned the children’s “innate 
inability to form the usual, biologically provided affective contact with people”. 
Over 60 years of research on this topic has not yet uncovered what factors 
are underlying this typical inability. However, recent advances in cognitive 
neuroscience are progressively increasing our knowledge about human 
emotions. Emerging topics of interest are, among others, the functional role of 
motor behavior in the processing of emotional stimuli and the integration of 
emotional information from different sensory modalities, like for instance from 
the face and the voice.

One way to study the motor correlates of emotional stimuli is by 
measuring facial electromyography (EMG) to these stimuli. It is well known 
from EMG studies that viewing facial expressions generates subtle changes 
in an observer’s facial muscle activity. Such changes are seldom visible to the 
naked eye, but EMG can reliably measure them. Specifically, viewing happy 
faces elicits increased zygomaticus major activity, whereas negative stimuli 
(e.g. angry faces) spontaneously evoke increased corrugator supercilii muscle 
activity (Dimberg, 1982). Corrugator supercilii moves the brows down into a 
frown and zygomaticus major elevates the cheeks and pulls the corners of the 
mouth back and upwards into a smile. These effects are also observed when the 
participants are not aware that they see a facial expression, as when the visual 
stimulus is masked (Dimberg et al., 2000). Furthermore, similar facial reactions 
are observed when subjects observe stimuli other than facial expressions, such 
as vocal affect expressions (Hietanen et al., 1998), and emotional body postures 
(Magnée et al., 2007). This facial motor behavior is therefore not an instance 
of strict mimicry of the stimulus, but can be considered as a fundamental 
component in the process of automatic emotion perception (Hatfield et al., 
1994).

Several researchers have argued that the lack of emotional reciprocity 
among individuals with PDD is a consequence of impaired recognition of 
emotional expressions and gestures, and of dysfunctions in the ability to 
appropriately modify their behavior in response to emotional cues of others 
(see for review Bachevalier & Loveland, 2006). Despite a large number of studies 
investigating facial expression recognition in PDD, however, the extent of the 
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deficit is not clear. The variability across studies is striking and several studies 
fail to find an impairment altogether (e.g. Gepner et al., 2001; Loveland et al., 
1997; Ozonoff et al., 1990). One explanation for these mixed findings might be 
that patients can acquire compensational strategies, which means that more 
refined research methods are required to detect possible deficits (de Gelder, 
1987). For instance, recent behavioral evidence using morphed continua of 
facial expressions points towards a specific deficit in the recognition of fear 
(Humphreys et al., 2007), which has also been found by other studies (e.g. 
Ashwin et al., 2007; Dawson et al., 2004). Unraveling the close link between 
processing of emotions in the face and activation of emotion-related motor 
activity might shed more light on what is underlying the lack of emotional 
reciprocity in PDD.

Furthermore, since the same pattern of EMG reactivity is found in response 
to facial and to vocal affect expressions, it is possible to evaluate what the 
voice contributes to the motor response when combined with the face, i.e. the 
effect of the integration of emotional cues. The early integration of emotional 
stimuli from the auditory and visual modality is an important mechanism in 
producing rapid adaptive responses (e.g. de Gelder et al., 1999), and therefore 
relevant to studies on PDD. Difficulties with integration of information across 
different sensory modalities have been suggested in the literature as an 
important problem in PDD (see for review Iarocci & McDonald, 2006). Evidence 
for deficits in crossmodal perception of emotions in PDD, however, is to date 
surprisingly limited. In one of the few studies on this topic, Hobson (1986) 
found impaired behavioral performance in an autistic group, although this 
could not be replicated (Prior et al., 1990). In a PET study, Hall, Szechtman, 
& Nahmias (2003) found a pattern of cerebral blood flow in individuals with 
PDD that indicated less emphasis on an integrated processing of emotional 
stimuli than controls during the perception of facial expressions accompanied 
by prosodic information. However, given the scarce number of studies and 
unequivocal results, further research is required to understand the role of 
crossmodal integration in emotion processing in PDD.

In a recent crossmodal EMG study in healthy controls, facial muscle 
responses were measured while participants observed happy and fearful face-
voice pairs, which were either emotionally congruent or incongruent (Magnée 
et al., 2007). The results clearly indicated increased reactivity to congruent as 
compared to incongruent affective stimulation. Specifically, congruent fearful 
face-voice pairs evoked corrugator activity, while congruent happy face-voice 
pairs evoked zygomaticus responses. This paradigm of crossmodal bias is 
known to provide evidence for multisensory perception, as it measures how 
processing in one modality is influenced by information presented in the other 
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modality. It has been shown that these crossmodal bias effects take place at an 
early perceptual level (de Gelder et al., 1999), independent of awareness of the 
face stimulus (de Gelder et al., 2002). 

The objective of the present study was to investigate visual and combined 
visual and auditory affect processes in a group of young adults with PDD, by 
taking electromyographic measures of zygomaticus major and corrugator 
supercilii. Facial EMG responses were measured during the presentation of 
emotionally congruent and incongruent face-voice stimulus pairs. In line 
with previous data, we hypothesized that visual presentation of a happy face 
would in the control group lead to increased zygomaticus activity compared 
to viewing of a fearful face, and the presentation of a fearful face would lead 
to increased corrugator activity compared to viewing of a happy face. Also, 
we hypothesized that for the congruent stimulus pairs, happy face-voice trials 
would lead to increased zygomatic muscle activity and fearful face-voice trials to 
increased corrugator activity, compared with emotionally incongruent stimuli. 
For the individuals with PDD, increases in facial muscle activity in response to 
facial expressions would give evidence for intact reflex-like emotional motor 
activity. Additionally, finding increased facial muscle responses to congruent 
AV expressions would suggest an intact integration of visual and auditory 
affective processes.

Method

Participants
Thirteen high functioning, medication free, adult males with PDD (average 
age 21.5, SD 4.0) and thirteen healthy adult males (average age 23.0, SD 2.9) 
participated in the study. All individuals were administered the Wechsler Adult 
Intelligence Scale, Dutch edition (WAIS-III-NL). Mean age and total IQ scores 
were similar for individuals with PDD (IQ 122.4, SD 9.2) and individuals from 
the control group (IQ 127, SD 14.4). Before individuals were administered to 
the control group they were screened for neurological and psychiatric history, 
and for familial history of psychiatric disorders using a short questionnaire.

All diagnoses of PDD (either Autistic Disorder or Asperger Syndrome) were 
based on DSM-IV criteria and were made by a child psychiatrist. Additionally, 
all patients were administered the Autism Diagnostic Observation Schedule 
(ADOS; Lord et al., 1989) by a trained rater, and their parents were informants 
on the Autism Diagnostic Interview Revised (ADI-R; Lord et al., 1994). Seven 
individuals with PDD met full ADI-R and ADOS criteria for autism or autism 
spectrum disorder. We were not able to acquire ADOS scores for two patients, 
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but both fulfilled ADI-R criteria. Three individuals met criteria on the ADOS and 
scored one or two points below cutoff on one scale of the ADI-R. One individual 
scored one point below cutoff on both ADI-R (stereotyped behavior) and ADOS 
(social behavior) criteria (see Table 1 for group averages).

All participants had normal or corrected to normal vision. They were all paid 
for participation. Written informed consent was obtained for each participant 
before the session, according to the Declaration of Helsinki (2000). Approval 
of the medical ethics committee of the University Medical Center Utrecht was 
obtained prior to the study.

Table 1 ADI-R & ADOS scores in the PDD group

Mean (SD) Cut-off scores
ADI Social behavior 19.2 (3.5) 10
ADI Communication 14.9 (5.3) 8

ADI Repetitive behaviors 5.5 (3.2) 3
ADI Age of onset 2.7 (1.1) 1

ADOS Communication 4.1 (1.7) 2
ADOS Social behavior 8.9 (3.8) 4

Stimuli and Procedure
Visual stimuli consisted of six happy and six fearful faces (half male) taken 
from the Ekman series (Ekman & Friesen, 1976). Auditory stimuli consisted of 
spoken sentence fragments with a neutral content, which were pronounced 
in either a happy or fearful tone of voice (the Dutch sentence fragment “met 
het vliegtuig” meaning “by plane”). Each visual stimulus was combined with 
a spoken fragment in order to construct audiovisual (AV) stimulus pairs with 
either a matched (congruent) or a mismatched (incongruent) affective content, 
resulting in 12 congruent and 12 incongruent stimulus pairs. The face-voice 
pairings were the same throughout the experiment such that one face identity 
was always paired with the same voice identity.

The size of the portraits was 19 cm height x 13 cm width, which at the 
mean viewing distance of 80 cm corresponds to a visual angle of 13.5º x 9.2º. 
The mean luminance of the pictures was 38 cd/m2 on a 2.5 cd/m2 background. 
Sound was delivered over one loudspeaker placed directly below the screen at 
a mean sound level of 60 dB(a). 

A trial always started with the presentation of the face. After 900 ms, the 
auditory stimulus was presented, whereas the face remained on screen until 
the end of the voice fragment. This delay was introduced to be able to analyze 
the visual and the AV EMG response separately. The six resulting stimulus 
categories were as follows: visual happy, visual fear, congruent AV happy, 
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congruent AV fear, incongruent auditory happy-visual fear and incongruent 
auditory fear-visual happy. Participants were comfortably seated in a chair in 
a soundproof experimental chamber. They were instructed to judge the sex of 
each stimulus pair, by pushing one of two designated buttons on a response 
box. To avoid any response related components in the ongoing EMG signal, 
they were instructed not to respond until after offset of the visual stimulus. 
Intertrial interval was chosen randomly between 1000-1500 ms, immediately 
after the participant’s response. During this interval, a central fixation cross was 
presented on screen. Stimuli within a total of eight blocks of 24 AV trials (equal 
amount of congruent and incongruent stimuli) were presented randomly.

Recordings
Bipolar EMG activity was recorded from two left facial muscles (zygomaticus 
major and corrugator supercilii), following the guidelines given by Fridlund 
and Cacioppo (1986). On each muscle, two Ag/AgCl flat-type active electrodes 
(BIOSEMI, Amsterdam, the Netherlands) with a contact area of 2 mm and casing 
of 11 mm diameter were placed in a direction parallel to the muscle and with 
a distance of 15 mm between electrode centers.

During recording, EMG signals were filtered (DC-134 Hz, -3 dB) at a sample 
rate of 512 Hz. Subsequently, EMG signals were filtered offline (high-pass 20 Hz, 
48 dB/octave), full wave rectified and checked for gross movement associated 
with irrelevant activities. The raw data were segmented into epochs for visual 
and AV categories separately. The two visual stimulus categories consisted of a 
500-ms prestimulus baseline condition and a 900-ms visual stimulus condition. 
The four AV-stimulus categories consisted of similar 500-ms prestimulus and 
900-ms visual conditions, and an extra 900-ms AV-stimulus condition. For the 
two visual-stimulus categories, mean rectified EMG amplitudes were calculated 
for the 900-ms visual-stimulus conditions. The AV categories contained mean 
rectified-EMG amplitude for the 900-ms AV stimulus conditions. Subsequently, 
these data points were depicted as a percentage of the mean prestimulus 
baseline amplitude. 

Two separate multivariate analyses of variance (MANOVA) were performed 
(visual and AV) for each muscle region, to test how the activity of the two 
muscles was affected by stimulus category and whether there were differences 
in this respect between groups. MANOVA analyses for the visual EMG consisted 
of one between-subjects factor Group with two levels (PDD and control group) 
and one within-subjects factor Emotion with two levels (happy and fear). In 
the AV conditions, we tested separately for corrugator and zygomaticus 
whether EMG activity in response to congruent and incongruent AV stimuli 
differed from each other, using one between-subjects factor Group with two 
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levels (PDD and control group) and the two within-subject factors Emoface 
(happy face vs. fearful face) and Emovoice (happy voice vs. fearful voice). A 
significant interaction between the two variables can be decomposed into 
the specific contrast effects in which the effect of congruency is tested. For 
corrugator muscle, congruency effects across both groups are measured for 
congruent fearful face-voice pairs compared with the incongruent fearful face-
happy voice pairing. For zygomaticus muscle, the congruent happy face-voice 
condition is tested against incongruent happy face-fearful voice. To control for 
possible differences in baseline muscle activity we conducted Independent-
Samples T tests based on the 500-ms prestimulus baseline conditions, separate 
for each muscle and stimulus condition.

Results
For the corrugator supercilii and zygomaticus major muscles, the facial EMG 
reactions to visual stimuli are presented in Figure 1. Presentation of a fearful 
face significantly increased corrugator activity more than presentation of a 
happy face in both groups, F(1,24) = 10.85, p < 0.01. The two groups did not 
differ in this effect, as there was no significant Emotion * Group interaction. 
However, although no group interaction was found in the difference between 
corrugator responses to happy and fearful faces, corrugator activity to fearful 
faces only could be informative regarding possible sensitivity to negative 
stimuli among individuals with PDD. To test this hypothesis, we continued with 
an Independent-samples T test comparing percentage of corrugator activity 
for fearful faces between both groups. Specifically, mean (± SE) percentage of 
corrugator activity compared with baseline was significantly larger in the PDD 
group (106.9 % ± 2.2) than among healthy controls (103.7 % ± 0.9), t(24) = -1.3, 
p < 0.05. 

Zygomaticus major activity was more pronounced in response to the 
presentation of happy compared to fearful facial expressions across both 
groups, F(1,24) = 18.85, p < 0.001. The analysis furthermore revealed a 
significant Group * Emotion interaction, F(1,24) = 5.08, p < 0.05. Decomposing 
this interaction in the specific effect of Emotion for both groups separately 
revealed significant main effects in both the PDD group (F(1,12) = 13.46, p < 
0.01) and the control group (F(1,12) = 5.67, p < 0.05). To specifically test whether 
the difference in zygomatic response between happy and fearful faces was 
indeed larger in the PDD group, we calculated this difference for both groups. 
An Independent-samples T test surprisingly showed that the difference in 
zygomatic response was significantly larger for the PDD group (mean ± SE 
difference 8.4 % ± 2.3) than for the control group (2.6 % ± 1.1), t(24) = - 2.25, 
p < 0.05. As can be seen from Figure 1B, in both groups zygomaticus activity 
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was clearly reduced in response to fearful faces compared with activity during 
baseline (mean (± SE) for control group was 96.3 % ± 1.0, for PDD group 92.7 
% ± 1.7). A between-group comparison using an Independent-samples T test 
revealed that this inhibitory effect of stimulus presentation on zygomaticus 
activity was not significantly different between the two groups, t(24) = 1.8, p 
= NS. 

Figure 1 Percentage corrugator and zygomaticus activity (+ SE) compared to baseline in response to happy and 

fearful faces

Facial EMG reactions to AV stimulus pairs are shown in Figures 2 and 3. Across 
both groups, corrugator muscle responses revealed a marginally significant 
effect of Emoface, F(1,24) = 3.46, p = 0.08, and a significant effect of Emovoice, 
F(1,24) = 6.27, p < 0.05. The interaction between Emoface and Emovoice was 
also significant, F(1,24) = 4.52, p < 0.05. No significant interactions with group 
were found (all F < 1). Decomposing the Emoface * Emovoice interaction 
into an analysis of specific congruency effects across both groups revealed 
that corrugator muscle activity was significantly increased in response to 
congruent fearful face-voice pairs, F(1,24) = 10.49, p < 0.01, as compared to the 
incongruent fearful face-happy voice pairing. Again, this effect was similarly 
observed in both groups (no significant Congruency * Group interaction; F < 
1). Note that this increase in corrugator activity is absent when a fearful voice 
was added to a happy face (Figure 2).
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Figure 2 Percentage corrugator activity (+ SE) compared to baseline after happy and fearful voices. Left panel 

represents corrugator activity when auditory information is added to a fearful face; right panel shows corrugator 

activity when auditory information is added to a happy face

Likewise, analyses of AV stimuli on zygomatic muscle activity revealed no 
significant effect of Emoface and a marginally significant effect of Emovoice, 
F(1,24) = 3.69, p = 0.07. The interaction between Emoface and Emovoice was 
significant, F(1,24) = 11.87, p < 0.01. No interactions were found between 
groups (all F < 1). Analyzing the specific congruency effects revealed significant 
increases in response to congruent happy face-voice pairs compared to 
incongruent happy face-fearful voice pairs across both groups, F(1,24) = 21.87, 
p < 0.01, with no significant Congruency * Group interaction (F < 1). Again, 
this increase in zygomaticus activity was not found when a happy voice was 
coupled to a fearful face (Figure 3). 

There were no differences in baseline facial muscle activity between the 
groups for zygomaticus prior to presentation of happy faces, t(24) = -0.37, 
p = NS, and fearful faces, t(24) = -0.34, p = NS; and for corrugator prior to 
presentation of happy faces, t(24) = 1.02, p = NS, and fearful faces, t(24) = 1.12, 
p = NS.
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Figure 3 Percentage zygomaticus activity (+ SE) compared to baseline after happy and fearful voices. Left 

panel represents zygomaticus activity when auditory information is added to a happy face; right panel shows 

zygomaticus activity when auditory information is added to a fearful face

Discussion
Electromyographic (EMG) responses of facial muscles to visual and combined 
visual and auditory affective stimuli were measured in high-functioning adult 
individuals with PDD and matched controls. With regard to responses to 
unimodal visual stimuli, we observed that the presentation of a fearful face 
resulted in more corrugator activity compared to viewing of a happy face, 
while zygomatic muscle activity was more pronounced in response to viewing 
of a happy compared to a fearful facial expression, in both the control group as 
well as the PDD group. However, we did find differences between both groups 
in the facial muscle responses. Surprisingly, individuals with PDD showed a 
larger difference in zygomatic activity in response to happy versus fearful faces 
than the control group. Moreover, we found larger corrugator responses to the 
presentation of fearful faces, but not to happy faces in the PDD group.

Furthermore, with regard to emotion-congruent AV conditions, there were 
emotion specific increases in facial muscle activity for both the control group 
and the PDD group. The AV fearful face-voice pairs showed increased corrugator 
activity and AV happy face-voice pairs showed increased zygomatic muscle 
activity, in comparison with emotionally incongruent face-voice pairs. In short, 
at the level of reflex-like emotional motor responses we find heightened EMG 
responsiveness to facial expressions and normal integration of AV emotional 
stimuli in individuals with PDD.

While the link between emotion and motor activity is a classical theme in 
the emotion literature, the interpretation about their relation is still a matter 
of debate. The discovery of mirror neurons in humans has recently revived 
the debate on the role of motor structures in emotion perception and has led 
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to the suggestion that the ‘mirror neuron system’ (MNS) plays a fundamental 
role in social cognition (Gallese et al., 2004). Mirror neurons are a group of 
neurons, originally identified in the premotor cortex (area F5) of the macaque, 
that discharge during action execution as well as when these same actions are 
observed in others (Rizzolatti et al., 1996). Functional neuroimaging provides 
evidence for the presence of a MNS in humans, consisting of a network of 
brain areas involving the ventral premotor cortex area F5 and parietal area 
7b (Rizzolatti et al., 2001). Recent speculations hypothesize that similar ‘mirror 
matching mechanisms’ may also be active during higher order cognitive 
processes, such as theory of mind (Gallese & Goldman, 1998), language 
(Rizzolatti & Arbib, 1998) and empathy (Gallese, 2003). Both the imitation and 
the observation of emotional expressions may recruit the MNS, together with 
brain structures known to be associated with emotional processing, such as the 
amygdala and insula (Carr et al., 2003). Given the lack of emotional reciprocity 
among individuals with PDD and the suggested deficits in imitating facial 
expressions (Hertzig et al., 1989), a growing number of studies now suggest 
that dysfunctions in the MNS are involved in the generation of the disorder 
(e.g. Dapretto et al., 2006; Williams et al., 2006). However, direct evidence for 
the role of the MNS in the perception of emotions is still very limited and some 
of the available evidence indirectly speaks against this view. As a matter of 
fact, in healthy individuals the same emotion-related EMG effects are observed 
in response to emotional faces (Dimberg, 1982), vocal affect expressions 
(Hietanen et al., 1998) and emotional body postures (Magnée et al., 2007). This 
argues against the possibility that this emotion specific facial muscle reaction 
is based on mimicry of the stimulus presented, and by the same token it also 
argues against the notion that imitation is the crucial component in automatic 
emotion perception as suggested by mirror neuron theorists (Gallese, 2003). 
In line with this, we suggest that the motor activity as measured in the 
present study may be triggered in brain centers that can function relatively 
independently from experiencing the emotional significance. Recent literature 
points to the amygdala as a brain structure that is particularly involved in 
grasping the emotional significance of stimuli (de Gelder, 2006).

Numerous studies have suggested a central role for the amygdala in 
processing of facial expressions, especially fear (Morris et al., 1998). Various 
functional MRI studies among individuals with PDD have reported deficits in 
amygdala functioning during perception of facial expressions (e.g. Ashwin et 
al., 2007; Critchley et al., 2000). On the other hand, these studies contrast with 
findings by Dalton and colleagues (2005), who found greater activation in the 
left amygdala of their autistic subjects than matched controls in response to 
facial stimuli, both emotional and non-emotional. Furthermore, amygdala 
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activation was positively correlated with the amount of eye gaze, indicating 
that eye fixation and not the emotional content of the face is associated with a 
heightened emotional response in the patients.

The present finding of increased physiological responsiveness in individuals 
with PDD to the presentation of facial stimuli is consistent with the Dalton study 
(2005). Since we did not find differences in baseline muscle activity between 
the healthy participants and patients, group differences in facial muscle activity 
were solely the result of the presentation of facial expressions. Therefore, our 
data suggest that individuals with PDD show a heightened emotional motor 
response related to facial stimuli, both happy and fearful. Different results, 
however, were found in a recent EMG study by McIntosh et al. (2006), who 
found clear deficits in spontaneous EMG responses to happy and angry faces in 
a group of individuals with PDD. Although there were several methodological 
differences between the studies (angry instead of fearful faces; blocked in 
stead of randomized stimulus presentation; differences in stimulus duration, 
response windows and artifact correction), the most important difference may 
be the instructions used. In our study the task of the participant was to judge 
the sex of each facial picture, while in the McIntosh study instructions were to 
passively ‘watch the pictures as they appear on the screen’. The Dalton study 
clearly stated that attention to the (eyes in the) face is of crucial importance in 
finding increased responses in the patient group, and the active task demands 
used in our study may have triggered this. The use of short stimulus duration 
and intervals might have further increased the attentional load that had to be 
given to the face. 

While our finding of increased EMG reactivity to emotional expressions in 
individuals with PDD is consistent with amygdala dysfunction, the relationship 
with their problems in social interaction is not entirely clear. One possibility 
is that it is related to avoidance of social interaction. For instance, measuring 
electrodermal activity in a group of children with autism, Hirstein et al. (2001) 
showed that almost all autistic children had significantly higher electrodermal 
activity than a group of matched controls. They argued that in order to control 
for this hyperactivation, the patients develop a kind of homeostasis-driven 
behavior, such as the typical gaze avoidance. Our findings could reflect the 
same compensational mechanism. 

Since the same EMG responses are observed to emotions present in 
faces and voices, we were able to investigate whether deficits in the patients’ 
social behavior may be due to impairments in processing information from 
multiple channels. Several brain imaging and electrophysiological studies of 
crossmodal emotion perception in healthy subjects have clearly demonstrated 
amplification of the neural signal during emotionally congruent AV perception. 
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Dolan et al., (2001) for instance observed increases in amygdala activation 
when fearful faces were accompanied by fearful voices. The suggestion by 
Dolan and colleagues that the amygdala is important for emotional crossmodal 
integration might be directly related to increases in facial muscle activity in 
response to congruent AV information, as the amygdala is also highly prone 
to be involved in triggering the automatic facial expressions (Fanardjian & 
Manvelyan, 1987).

Research on crossmodal integration of emotional information in individuals 
with PDD, however, to date displays conflicting results (Hall et al., 2003; Hobson, 
1986; Prior et al., 1990). The present study argues against impairments in AV 
processing of affective information at the level of reflex-like motor responses 
in PDD. This is evidenced by the fact that both groups show increased emotion 
specific facial muscle activity to emotionally congruent stimuli. Intact facial 
muscle responses in the patient group indicate that the reflex-like emotional 
responses, involving connections of amygdala to motor structures and brain 
stem nuclei, are intact. 

In the present study all the participants were young adults with high IQ; 
therefore further research is needed to establish whether the present results 
can be generalized to a younger population or to individuals with PDD suffering 
from intellectual disabilities. Furthermore, since we did not measure EMG 
responses to non-emotional faces, we can not conclude whether the effects 
are specific for the emotional content presented in the face. Generalization 
of the results therefore should be investigated. The failure to replicate the 
McIntosh study shows that subtle differences in task design or stimuli used 
may have a major impact on the results. Thorough investigation of the factors 
that influence the EMG effects therefore seems necessary. 

Conclusion
Taken together, the present results indicate that the reaction to happy and 
fearful facial stimuli as measured by facial EMG is enhanced among individuals 
with PDD. These findings might point to heightened physiological activity to 
these stimuli. Furthermore, EMG responses to combined visual and auditory 
affective stimuli are intact, indicating normal integration of emotional 
information from faces and voices in the PDD group at the level of reflex-like 
emotional motor responses. However, further research is required to clarify 
the relation between this automated motor reaction and the problems of 
individuals with PDD in social interaction. 
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Abstract
Background: Pervasive Developmental Disorders (PDD) and schizophrenia are 
both neurodevelopmental disorders that have extensively been associated with 
impairments in functional brain connectivity. Methods: Using a crossmodal 
P50 suppression paradigm, this study investigated low-level audiovisual 
interactions on cortical EEG activation, as it provides crucial information about 
rapid functional coupling between visual and auditory processing areas in 
both disorders. Thirteen high functioning adult males with PDD, thirteen high 
functioning adult males with schizophrenia, and sixteen healthy adult males 
participated in the study. Results: Normal auditory suppression was found 
in all groups. In contrast, atypical crossmodal integration was found in the 
schizophrenia group, but not in the PDD group, at the level of P50 suppression. 
Conclusions: These results imply that individuals with schizophrenia have 
difficulties with filtering and integration of low-level audiovisual information. 
As such, the cognitive impairments seen in schizophrenia may also be due to 
deficits in early crossmodal processing, which might originate from disordered 
connectivity between primary visual and auditory processing areas. On the 
other hand, the impairments associated with PDD seem to encompass deficits 
in higher order aspects of cognition, with intact low-level integration.
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Introduction
An important factor for adaptive social-cognitive functioning is the coordinated 
interaction across different specialized brain regions. Recently, in several 
studies it has been hypothesized that dysfunctional interactions between 
brain regions might underlie the impairments in cognition and social behavior 
of major neurodevelopmental disorders, explained as the ‘disconnection 
hypothesis’ for schizophrenia (Friston & Frith, 1995), or ‘underconnectivity 
theory’ for Pervasive Developmental Disorders (PDD; Brock et al., 2002; Just et 
al., 2004). 

A direct reflection of abnormal brain connectivity is evidence that higher-
order audiovisual (AV) integration is impaired in individuals with PDD (Magnée 
et al., 2008) and schizophrenia (de Gelder et al., 2003). Importantly, since both 
conditions are associated with impaired social functioning, rapid integration 
between visual and auditory stimuli plays a crucial role in the processing of 
social stimuli. It is for instance shown that lip-reading improves intelligibility 
of speech when heard in noise (Sumby & Pollack, 1954), and hearing an 
emotional tone of voice improves judgment accuracy of the corresponding 
facial expression (de Gelder & Vroomen, 2000). Theoretically, it is important to 
know whether abnormal AV integration is seen only in relation to higher-order 
social processing in PDD and schizophrenia, or whether problems exist in 
early, low-level integration of non-social stimuli as well. Also, using crossmodal 
integration it is possible to test connectivity between specific brain areas. In 
PDD it has been suggested that especially the connectivity between frontal 
and other brain areas is affected (Courchesne & Pierce, 2005). In schizophrenia, 
research has mostly focused on altered connectivity between the temporal-
limbic and prefrontal regions (Shenton et al., 2001). Studying low level 
crossmodal integration will provide information on the integrity of functional 
connectivity between brain areas directly involved in sensory processing on 
the one hand, and, depending on the paradigm, specific other brain areas on 
the other hand (e.g. Oranje et al., 2006). 

One way to measure aspects of low-level AV interaction is by measuring 
suppression of the auditory P50 evoked potential peak by visual pre-pulses. 
In the traditional P50 suppression paradigm, two identical auditory stimuli are 
presented within 500 ms. P50 amplitudes are typically smaller to the second, 
or testing (T), stimulus, compared to the first, or conditioning (C), stimulus. 
This effect is also present in later ERP peaks, e.g. N1 and P2. When individuals 
do not show a diminished response to the T stimulus, this suggests a deficit in 
sensory gating, and this has indeed been found repeatedly in individuals with 
schizophrenia (e.g. Adler et al., 1982), but not in individuals with PDD (Kemner 
et al., 2002). Recent evidence shows that P50 suppression can also be induced 
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crossmodally, using a visual C stimulus and an auditory T stimulus (Oranje et 
al., 2006). This paradigm provides large potential for studying AV integration 
mechanisms in schizophrenia and PDD as it might give crucial information 
regarding rapid, perceptually driven aspects of AV integration. Furthermore, 
it also gives important information regarding functional connectivity between 
visual and auditory processing areas. 

The origin of auditory P50 suppression is thought to be in the CA3 region 
of the hippocampus (Adler et al., 1998). The earliest cortical activity related to 
the visual conditioning stimulus originates from primary visual cortex (Inui et 
al., 2006). For crossmodal P50 suppression to occur, activity from these visual 
cortical areas must interact with processing areas related to auditory gating, 
including the CA3 region of the hippocampus as well as primary auditory areas. 
Furthermore, several studies now mention that crossmodal P50 suppression 
seems to be mediated by functional coupling between frontal cortical and 
primary sensory brain areas (Kurthen et al., 2007; Oranje et al., 2006).

Therefore, in the present study the AV P50 suppression paradigm is used to 
test a) early crossmodal integration, and b) the integrity of connections between 
early visual and auditory processing areas in PDD and schizophrenia. 

Method

Participants
Thirteen high functioning, medication free, adult males with PDD (average age 
22.9 years, SD 2.0), thirteen high functioning, adult males with schizophrenia 
(average age 21.9, SD 3.5), and sixteen healthy adult males (average age 
20.9, SD 2.0) participated in the study. Twelve out of thirteen individuals with 
schizophrenia used second-generation antipsychotics (3 risperdal, 4 clozapine, 
4 olanzapine, 1 penfluridol), one individual used additional conventional 
antipsychotics (haloperidol). All individuals were administered the Wechsler 
Adult Intelligence Scale, Dutch edition (WAIS-III-NL). Mean age and total IQ 
scores were similar for individuals with PDD (IQ 106, SD 12.2), schizophrenia 
(IQ 95, SD 16), and individuals from the control group (IQ 103, SD 13.9). 

All diagnoses of PDD (either Autistic Disorder or Asperger Syndrome) and 
schizophrenia were based on DSM-IV criteria and were made by, respectively, 
a child or adult psychiatrist. Additionally, parents of individuals with PDD 
were informants on the Autism Diagnostic Interview Revised (ADI-R; Lord, 
Rutter, & Le Couteur, 1994). Average scores on subscales of the ADI-R were: 
Social interaction 18.6 (cut-off 10); Communication 16 (cut-off 8); Stereotyped 
behavior 4.1 (cut-off 3); Age of onset 2.8 (cut-off 1). Schizophrenia diagnoses 
were verified with the results of the Comprehensive Assessment of Symptoms 
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and History (CASH; Andreasen et al., 1992) by two independent raters. Severity 
of illness was measured with the Positive and Negative Syndrome Scale (PANSS; 
Kay et al. 1987). Average scores on subscales of the PANSS were: Positive 
symptoms 15.6 (SD 5.2); Negative symptoms 17.8 (SD 6.5); psychopathology 
33.2 (SD 9.9). All individuals were free of recent substance abuse, seizure 
disorders, neurological diseases, head trauma or mental retardation. They all 
had normal or corrected to normal vision and were paid for their participation. 
Written informed consent was obtained for each participant before the session, 
according to the Declaration of Helsinki (2000). Approval of the medical ethics 
committee of the University Medical Center Utrecht was obtained prior to the 
study.

Stimuli and Procedure
The auditory stimuli were presented binaurally through stereo insert earphones 
(Eartone ABR). Two tasks were presented, each consisting of 36 click pairs, with 
an interstimulus interval of 500 ms (auditory task), or 36 visual white light – 
auditory click pairs with an interstimulus interval of 515 ms (audiovisual task), 
and an intertrial interval of 10 s. The clicks consisted of a white noise burst of 
1.5 ms, with an intensity of 86 dBa. The visual white dot covered 15.3 cm (h) x 
17.3 cm (w) in the middle of a screen, and was presented for 15 ms. Participants 
were seated 1 m from the screen, so the stimulus subtended an angle of 8.7° x 
9.8°. Individuals were instructed to count the stimulus pairs, and reported this 
afterwards. 

Recordings
EEG activity was recorded from 12 tin electrodes by means of an electrocap 
according to the 10% system of the American Electroencephalographic 
Society (1991). An electrode attached to the left mastoid was used as reference. 
Horizontal EOG was recorded from tin electrodes attached to the outer canthus 
of each eye. Vertical EOG was measured from infra- and supraorbitally placed 
electrodes at the left eye. A ground electrode was placed at AFz. Impedances 
of the ground and reference electrodes were kept below 5 kOhms. EEGs were 
recorded using Psylab hard- and software (Contact Precision Instruments, 
London, UK), with filter settings between 0.01 Hz and 100 Hz. All signals were 
digitized online at a rate of 500 Hz and stored as a continuous signal. 

Data analyses
After recording, the EEG and EOG signals were offline filtered between 1 
Hz and 50 Hz and segmented into epochs at an interval between 100 ms 
prestimulus and 400 ms poststimulus, using Vision Analyzer (Brain Products 
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GmbH, Gilching, Germany). After EOG correction (Gratton & Coles), all epochs 
were corrected for artifacts and baseline. ERPs were averaged separately for 
conditioning and testing stimuli. P50, N1, and P2 peaks were taken from the Cz 
electrode. Occipital P1 responses to the visual lead stimulus were measured as 
mean of the peak latencies and amplitudes over occipital sites (O1/O2/Oz) in 
the time window 90 – 140 ms. P50 peaks were scored according to Nagamoto 
et al. (1989). P50 suppression was defined as the ratio T/C, where T represents 
the mean P50 amplitude to the testing stimulus (preceded by either auditory or 
visual conditioning stimuli), and C represents the P50 amplitude to the auditory 
conditioning stimulus only. N1 and P2 peaks were measured respectively as the 
greatest negativity in a window 90 ms – 160 poststimulus, and as the greatest 
positivity in a window 150 – 300 ms poststimulus. 

Auditory and crossmodal P50, N1, and P2 suppression were examined 
separately, using multivariate analyses for repeated measures, with the within-
subjects factor Stimulus (C and T) and the between subjects factor Group 
(controls, schizophrenia, and PDD). As there is a large amount of evidence 
to suggest that individuals with schizophrenia have impairments in sensory 
gating, a planned comparison within groups was done on P50 suppression, 
using a paired samples t-test. T / C ratios for the P50 were tested separately 
from raw amplitude data, using univariate analyses of variance and one-
sample t-tests for the planned comparisons. For analysis of the crossmodal 
P50 suppression, responses to the T stimulus from the audiovisual task were 
compared to C responses from the auditory task. Occipital P1 amplitudes to the 
visual lead stimulus were analyzed using univariate analyses of variance, and 
compared between groups. All amplitude as well as ratio values ± 2 standard 
deviations around the group mean were defined as outliers and were excluded 
from further analyses.

Results

Auditory paradigm
Significant P50 suppression was found on the raw amplitude data, F(1,34) 
= 9.64, p < .01, but no significant Group interaction effects were found. T / C 
ratios revealed no significant group differences on P50 suppression either. 
Consecutively, using a one-sample t-test in a planned comparison within 
groups, significant P50 suppression was found among healthy controls, t(12) 
= 3.35, p < .01, individuals with PDD, t(11) = 3.44, p < .01, and individuals with 
schizophrenia, t(9) = 3.15, p < .05. In addition, significant suppression was 
found for the N1 (F(1,38) = 59.02, p < 0.001) and P2 (F(1,39) = 100.23, p < 0.001), 
but no Group interaction effects were found on either measure (Figure 1).
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Figure 1 Auditory evoked potentials of Cz electrode in response to the conditioning and testing stimuli in the 

control group (left), PDD group (middle), and schizophrenia group (right)

Audiovisual paradigm
In the AV paradigm, significant P50 suppression was found in the raw amplitude 
data, F(1,34) = 10.01, p < 0.01. In this analysis, Stimulus x Group interaction 
revealed a nearly-significant trend, F(2,34) = 2.73, p = .079. Analyzing T / 
C ratios showed significant group differences, F(2,34) = 4.20, p < .05. Paired 
samples t-tests within groups revealed significant AV P50 suppression in 
typically developing individuals, t(12) = 3.69, p < .01, and in individuals with 
PDD, t(10) = 2.97, p < .05, but no significant AV suppression in individuals with 
schizophrenia. Significant N1 (F(1,35) = 68.69, p < 0.001), and  P2 suppression 
(F(1,36) = 58.1, p < 0.001), were found but no Group interaction effects were 
present (Figure 2).

Figure 2 Grand average data of Cz electrode. Displayed are the responses to the auditory conditioning stimulus 

(solid line) and the testing stimulus following the visual lead stimulus (broken line), in the control group (left), the 

PDD group (middle), and the schizophrenia group (right)
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Occipital P1 responses to the visual lead stimulus were analyzed and found 
to differ between groups, F(2,39) = 4.75, p < 0.05. Independent-samples T-tests 
revealed significantly larger P1 amplitudes in individuals from the control 
group (11.1 µV, SD 4.7) compared with individuals from the PDD group (6.6 
µV, SD 3.9), t(24) = 2.62, p < 0.05, and also compared with individuals from the 
schizophrenia group (6.7 µV, SD 4.2), t(25) = 2.54, p < 0.05. P1 amplitudes did 
not differ between individuals from the PDD and schizophrenia groups (Figure 
3), and were not significantly correlated with AV suppression ratios (P50, N1, 
nor P2). There were no group effects on P1 latencies (mean 116 ms). 

Figure 3 Grand average data of Oz electrode. Displayed are the responses to the visual lead stimulus, in the 

control group, the PDD group, and the schizophrenia group

Discussion
In recent studies on PDD and schizophrenia, there is an increasingly large 
focus on dysfunctional interactions between brain regions as the cause of 
impairments in cognition and behavior. In the present study, the focus is 
on abnormalities in multimodal integration, as these could be related to 
the impairments in social communication seen in both disorders. Using the 
crossmodal P50 suppression paradigm, we studied low-level AV integration, 
which also gives important information regarding functional connectivity 
between visual and auditory brain areas, in typically developing individuals, 
individuals with PDD, and individuals with schizophrenia. 

Normal auditory suppression was found with respect to the P50, the N1 and 
P2 in all groups. Although deficits in unimodal (auditory) sensory gating have 
been reported in individuals with schizophrenia, the finding of normal auditory 
P50 suppression in the present study is not surprising. Twelve out of thirteen 
individuals with schizophrenia in our study used atypical antipsychotics, 
which are known to normalize P50 ratio (Adler et al., 1994; Light et al., 2000; 
Nagamoto et al., 1996). Adler and colleagues (1998) pointed to the involvement 
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of the nicotinic cholinergic system in sensory gating. The normalization of P50 
suppression by atypical antipsychotics seems to work via this system, although 
the precise mechanism is unknown (Simosky et al., 2003). In the present study, 
intact auditory gating among medicated individuals with schizophrenia also 
extended into later phases of auditory processing.

In contrast, medicated individuals with schizophrenia showed abnormal 
crossmodal integration at the level of the P50, but normal crossmodal 
suppression in later processing stages, at the N1 and P2. Interestingly, there 
is indeed evidence that P50 and N1/P2 sensory gating correspond to different 
phenomena. Kisley and colleagues (2004) showed that healthy individuals 
with less P50 suppression have more difficulties with filtering of sensory input, 
while those impaired on N1 suppression showed heightened awareness of 
background sounds. N1 gating deficits therefore seems to be more related 
to attention deficits than perception deficits per se. Based on these findings, 
and the normal crossmodal integration that was seen for later processing 
stages, the N1 and P2, we propose that individuals with schizophrenia have 
difficulties with filtering and integrating of audiovisual information, but not 
with attentional aspects of crossmodal integration. 

Several studies in typically developing individuals give evidence for 
crossmodal integration early in the sensory process (e.g. Giard & Peronnet, 
1999). Existing literature points towards the involvement of a network of brain 
areas in crossmodal integration, including several cortical and subcortical 
multisensory convergence areas, but also including direct connections 
between primary auditory and visual cortical areas (Macaluso & Driver, 2005). 
Multisensory P50 suppression is proposed to be mediated by frontal cortical 
brain areas, as well as functional coupling of this area with primary visual and 
auditory areas (Oranje et al., 2006). Our findings seem to implicate that these 
processing areas are affected in schizophrenia. On the other hand, attention 
plays an important role in crossmodal integration, which seems to rely 
predominantly on connections in the frontal-parietal network (Talsma et al., 
2007). Kurthen et al. (2007) hypothesized that attentional aspects of sensory 
gating are mostly represented in frontal areas, and mainly involve top-down 
modulation of sensory input which is already ‘gated’ in the respective sensory 
areas. Attentional aspects of crossmodal integration were normal in individuals 
with schizophrenia in the present study, although it is unclear whether this 
was also due to medication effects. The α7-nicotinic receptor which is involved 
in sensory gating also seems to be involved with certain aspects of attention, 
although these results are somewhat inconclusive (Olincy & Stevens, 2007). 
Although medication effects in our schizophrenic group could have improved 
attention during the task, further research needs to be performed on the exact 
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effect of attention on crossmodal abilities in these individuals. In addition, it 
cannot be excluded that the crossmodal P50 suppression deficits were induced 
by medication effects, which is a major limitation of the present study. 

Individuals with PDD showed normal crossmodal suppression, and this is 
in accordance with earlier studies that show normal low-level AV integration 
(Magnée et al., 2008). It was hypothesized that higher-order integration deficits 
in this group, which are shown in the processing of emotions and language 
(Hall et al., 2003), are therefore not likely to be the result of abnormal low-
level AV integration (van der Smagt et al., 2007). As such, we propose that 
the implicated functional connectivity between the concerning visual and 
auditory processing areas is intact in individuals with PDD. Also, later phases 
of AV integration, involving connections with a frontal-parietal network, were 
normal in this (unmedicated) group of individuals. 

Interestingly, both PDD and schizophrenia individuals showed smaller P1 
amplitudes to the visual lead stimulus than the group of healthy individuals, 
although there were no differences in this respect between both patient 
groups. A dysfunction of early visual processing has been found in PDD 
(Kemner & van Engeland, 2005) and schizophrenia (Foxe et al., 2001), and may 
lead to deficits in higher order aspects of cognition. Based on the fact that no 
differences in early visual processing were found between both patient groups, 
and because no significant correlation was found between P1 amplitudes and 
AV suppression ratios, it is likely that P1 amplitude to the visual lead stimulus is 
not functionally related to crossmodal P50 suppression ability.

One has to be aware of several methodological issues that might have 
influenced the results. As mentioned, due to the use of atypical medication 
of 12 out of 13 individuals with schizophrenia in our study, the present 
results can not be generalized to a non-medicated schizophrenic population. 
Furthermore, our group sizes were relatively small and individuals were of 
normal intelligence. While both disorders are heterogeneous in origin, one 
should be cautious about extrapolating the results to individuals suffering from 
intellectual disabilities, or to individuals who are substantially older or younger 
than the group we studied. Lastly, in a recent meta-analysis a clear correlation 
between filter settings and P50 effect sizes was found, meaning that broader 
bands led to higher effect sizes (de Wilde et al., in press). Including broader 
frequency bands will, however, also gives more artifacts. In the present study 
a relatively narrow filter band was used, which may have led to fewer artifacts, 
although probably also to smaller effect sizes. We can, therefore, suggest that 
the observed effects are strong and interpretation is justified.
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Conclusion
Taken together, atypical crossmodal suppression was found to be present 
in individuals with schizophrenia, but absent in individuals with PDD. These 
results imply that individuals with schizophrenia have difficulties with filtering 
and integration of low-level audiovisual information, which might originate 
from disordered connectivity between primary visual and auditory processing 
areas. On the other hand, the observed deficits in social behavior in PDD 
individuals that depend on MSI, such as emotion and language, seem to 
encompass deficits in higher order aspects of cognition, and seem not to be 
the result of anomalies in low-level MSI.
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Abstract
Background: Integration of information from multiple sensory sources is an 
important prerequisite for successful social behavior, especially during face-
to-face conversation. It has been suggested that communicative impairments 
among individuals with Pervasive Developmental Disorders (PDD) might 
be caused by an inability to integrate synchronously presented visual and 
auditory cues. Methods: We investigated audiovisual integration of speech 
stimuli among a group of high-functioning adult PDD patients and age- and IQ 
matched controls using electroencephalography, measuring both early pre-
phonological, as well as late phonologically driven integration. Results: Pre-
phonological AV interactions are intact, while AV interactions corresponding 
to more complex phonological processes are impaired in individuals with PDD. 
Conclusions: The present findings argue for a pattern of impairments on tasks 
related to complex audiovisual integration combined with relative sparing of 
low-level integrational abilities. This combination may very well contribute to 
the communicative disabilities which are typical for the disorder. 
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Introduction
One of the major characteristics of Pervasive Developmental Disorder (PDD) is a 
qualitative impairment in communicative abilities. This is manifested, amongst 
other things, by a delay in, or lack of, development of spoken language, 
deficits in the ability to initiate or sustain a conversation, and stereotyped 
or idiosyncratic use of language (American Psychiatric Association, 1994). 
The neurofunctional deficits underlying these problems in communication 
remain unclear. So far the majority of the studies investigating communicative 
deficits in PDD have concentrated on processing deficits in one modality 
only. However, studies among typically developing individuals show that 
integration of information across sensory systems also plays an important role 
in communication, especially during face-to-face conversation.

Difficulties with audiovisual (AV) integration have been suggested in the 
literature as an important problem in PDD (for review, see Iarocci & McDonald, 
2006). Recent evidence, however, implies that the integration of low-level 
stimuli, such as bleeps and flashes, is normal in PDD (van der Smagt et al., 
2007). Research on AV perception of higher-order stimuli such as emotions 
and speech, however, is still scarce. Behavioral studies on bimodal speech 
recognition in PDD brought conflicting results, as some report deficits (de 
Gelder et al., 1991), while other groups argued that individuals with PDD 
show normal AV integration of speech stimuli (Massaro & Bosseler, 2003; 
Williams et al., 2004). However, with standard behavioral methods it is difficult 
to rule out compensation strategies. Therefore, finding intact integration 
at the behavioral level does not necessarily imply that underlying neural 
mechanisms are intact. Investigating the temporal dynamics of AV speech 
integration using the high temporal resolution of ERPs may elucidate whether 
abnormalities in integrational abilities contribute to the observed impairments 
in communication in PDD.

In the present study we investigated AV integration of naturally occurring 
speech tokens in high-functioning adult males with PDD and age- and IQ 
matched controls. Specifically, we were interested in interactions between 
auditory and visual speech perception both at low- and higher-order levels. Our 
experimental paradigm involved the presentation of a video of a woman’s face 
producing the utterances /aba/ and /ada/. Incongruent AV pairs were created 
by dubbing auditory /aba/ with visual /ada/ and vice versa. By comparing 
both unimodal stimulus conditions to the bimodal condition, we were able 
to measure the influence of visual speech on early peaks in the auditory ERP 
(AEP), the N1 and P2. In line with previous research, we hypothesized that AEPs 
to AV speech stimuli would show reduced amplitudes and temporal facilitation 
compared to both unimodal conditions, indicating low-level integration (van 
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Wassenhove et al., 2005). Furthermore, we hypothesized that this integration 
is intact in patients with PDD. Additionally, the difference in ERP activity to 
congruent and incongruent AV speech was used to measure higher-order 
integrative processes of AV speech (Klucharev et al., 2003). We hypothesized 
that differences in late ERP components to these stimuli reflect detection of 
incongruency of phonological features of the stimuli, and we expected this 
higher-order integration to be abnormal in individuals with PDD.

Methods

Participants
Twelve high functioning, medication free, adult males with PDD (average age 
21.1, SD 4.0; one left-handed) and thirteen healthy adult males (average age 
23.0, SD 2.9; one left-handed) participated in the study. All individuals were 
administered the Wechsler Adult Intelligence Scale, Dutch edition (WAIS-III-
NL). Mean age and total IQ scores were similar for individuals with PDD (TIQ 
119.4, SD 10.6) and individuals from the control group (TIQ 127, SD 14.4). 
All individuals in the control group were free of neurological and psychiatric 
history, and familial history of psychiatric disorders.

All diagnoses of PDD (either Autistic Disorder or Asperger Syndrome, 
no comorbidities) were based on DSM-IV criteria and were made by a child 
psychiatrist. Additionally, all patients were administered the Autism Diagnostic 
Observation Schedule (ADOS; Lord et al., 1989) by a trained rater, and their 
parents were informants on the Autism Diagnostic Interview Revised (ADI-R; 
Lord et al., 1994). Six individuals with PDD met full ADI-R and ADOS criteria 
for autism or autism spectrum disorder. We were not able to acquire ADOS 
scores of two patients, but both fulfilled ADI-R criteria. Three individuals met 
criteria on the ADOS and scored one or two points below cutoff on one scale 
of the ADI-R. One individual scored one point below cutoff on both ADI-R 
(stereotyped behavior) and ADOS (social behavior) criteria. Mean ADOS scores 
in the PDD group were 4.1 (SD 1.8) for the subscale ‘Communication’ (cut-off 2), 
and 8.4 (SD 3.6) for ‘Social behavior’ (cut-off 4). Mean ADI scores were 19.2 (SD 
3.6) for ‘Social behavior’ (cut-off 10), 15.6 (SD 4.9) for ‘Communication’ (cut-off 
8), 5.6 (SD 3.3) for ‘Repetitive behaviors’ (cut-off 3), and 2.7 (SD 1.1) for ‘Age of 
onset’ (cut-off 1).

All participants had normal or corrected to normal vision. They were all 
paid for their participation. Written informed consent was obtained for each 
participant before the session, according to the Declaration of Helsinki (2000). 
Approval of the medical ethics committee of the University Medical Center 
Utrecht was obtained prior to the study.
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Stimuli and Procedure
Stimulus material consisted of a video of a woman’s face producing the 
utterances /aba/ and /ada/. Each utterance included a total of 12 frames, with 
each frame being presented for 85 ms (total duration 1020 ms). Articulatory 
movements started 95 ms prior to audio onset as is the case in naturally 
produced speech, and audio onset started 350 ms after visual onset. Duration 
of the auditory stimuli was 540 ms. Incongruent AV pairs were created by 
dubbing auditory /aba/ with visual /ada/ and vice versa. Incongruency 
between auditory and visual stimuli became noticeable after six frames (510 
ms after visual onset; see Figure 1), at which point differences in articulatory 
and acoustic phonetics of the consonants (/b/ vs. /d/) could be distinguished. 
Congruent and incongruent stimuli consisted of the same acoustic and visual 
components. Incongruent trails were clearly conflicting, and auditory and 
visual components were not perceptually fused. Catch trials were included in 
order to control for visual attention. Here, a small blue dot was positioned on 
the nose of the speaker during the 7th frame. Participants were instructed to 
push a designated button during these trials. All catch trials were excluded 
from further analyses.

Figure 1 Time course of an AV speech trial. Each trial started with the presentation of a still face. Mouth movement 

started at 255 ms after visual onset and preceded audio onset by about 95 ms; AV congruency became noticeable 

510 ms after visual onset. In the V and A conditions the time course was similar to AV trials

Audiovisual, auditory (A) and visual (V) trials were presented in separate 
blocks. AV blocks consisted of 90 congruent, 90 incongruent and 20 catch trials. 
V and A blocks consisted of 108 experimental and 12 catch trials. Catch trials 
were included in A and V blocks as well. Catch trials in A blocks consisted of an 
auditory stimulus and the visual presentation of a similar blue dot positioned 
at the centre of the screen during the 7th frame. 
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The size of the portraits was 10 cm height x 6.5 cm width, which at the mean 
viewing distance of 80 cm corresponds to a visual angle of 7.2º x 4.7º. The mean 
luminance of the pictures was 22 cd/m2 on a 2.5 cd/m2 background. The mean 
level for sound was 63 dB(a) delivered over one loudspeaker placed directly 
below the screen. Participants were seated in a soundproof experimental 
chamber. They were instructed to judge what was said, by pushing one out 
of three designated buttons on a response box. For AV conditions this meant 
individuals had to respond to the voice while looking at the face. In order to 
avoid any response related components in the ongoing ERP signal, they were 
furthermore instructed not to respond until after offset of the visual stimulus. 
Each stimulus was preceded by the presentation of a central fixation cross 
during 500 ms. Besides, an intertrial interval was chosen randomly between 
750 – 1500 ms, measured from the participant’s response. 

Recordings
EEG’s were recorded from 48 locations using standard Ag/AgCl pin-type active 
electrodes (BIOSEMI, Amsterdam, The Netherlands) mounted in an elastic cap, 
referenced to an additional active electrode (Common Mode Sense) during 
recording. EEG signals were band-pass filtered (0.1–30 Hz) at a sample rate of 
512 Hz and offline referenced to an average reference. Horizontal and vertical 
EOG’s were measured for offline correction (Gratton & Coles).   

The raw data were segmented into 1600-ms epochs for visual, auditory 
and audiovisual categories separately, including a 50-ms prestimulus baseline. 
After EOG correction, epochs with amplitudes exceeding ± 100 μV at any 
channel were automatically rejected. Lowest allowed activity was 3μV / 200 
ms, and the maximal allowed voltage step per sampling point was 50 μV. ERPs 
were averaged separately for all four categories (V, A, AV congruent, and AV 
incongruent). 

Data analysis
Peak latencies and amplitudes of AEPs were measured at frontal-central 
electrodes (FC1, FC2, Cz, CPz), based on previous studies showing maximal 
amplitudes on these sites (e.g. Besle et al., 2004). N1 and P2 latencies and 
amplitudes were determined as the mean of the individual peaks over the four 
electrodes, and measured as maximal negative peaks in the time window 80 – 
160 ms after auditory onset, P2 as maximal positive peaks in the time window 
180 – 260 ms after auditory onset, for V, A, and AV conditions.

Analyses of late activation were based on pronounced differences between 
congruent and incongruent AV trials (non-blinded). Since the literature 
provides little guidance on the expected location of the effects, mean activity 
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of subsequent 50-ms time-windows was calculated around the located 
maximum difference between both conditions for 800 – 1300 ms poststimulus, 
corresponding to 300 – 800 ms after onset of incongruency. Specifically, this 
resulted in pooled ERP activity (μV) at left frontal sites (Fp1, AF3, F3, F7, FC5), 
right frontal sites (Fp2, AF4, F4, F8, FC6) and central-parietal sites (C1, Cz, C2, 
CP1, CPz, CP2, P1, Pz, P2, PO3, POz, PO4; see Figure 3). 

Using a multivariate analysis of variance (MANOVA) procedure for repeated 
measures, we first tested whether N1 and P2 latencies and amplitudes differed 
in response to bimodal stimuli (AV) compared to the sum of ERP signals 
obtained in unimodal conditions (AV  - (A + V)). This method has been used 
by Giard & Peronnet (1999) for determining whether AV responses could be 
merely accounted for by adding auditory and visual evoked potentials. For 
these comparisons MANOVA analyses consisted of one between-subjects 
factor Group (PDD vs. control group) and the within-subjects factor Modality 
(AV vs. A + V). 

We tested AV congruency effects by comparing AV congruent and 
incongruent speech dubbings. Both left and right frontal pools were analyzed 
over 50-ms time windows, consisting of one between-subjects factor Group 
(PDD vs. control group) and the within-subjects factors Hemisphere (left vs. 
right) and Congruency (congruent vs. incongruent). As frontal and parietal areas 
are thought to serve different functions in AV integration (Miller & D’Esposito, 
2005), mean pooled central-parietal ERP activity was analyzed separately, with 
Group as between-subjects factor (PDD vs. control group) and Congruency as 
within-subjects factor (congruent vs. incongruent). 

Results

Behavioral Results 
There were no group differences in detection of catch trials. Both groups 
performed almost perfectly on the forced categorization to judge what was 
said (aba vs. ada) during V, A, and AV trials. 

Electrophysiological Data
N1 and P2 amplitudes and latencies. Significant temporal facilitation of the N1 
was found during AV speech, F(1,23) = 37.02, p < 0.0001. Mean N1 latency in 
the AV condition was found at 147 ms, in the (A + V) condition at 167 ms. There 
were no significant group interaction effects. A comparable effect was also 
observed on P2 latencies, F(1,23) = 16.61, p < 0.0001, for both groups. Mean 
P2 latency in the AV condition was elicited at 225 ms, in the (A + V) condition 
at 238 ms. Significant N1 amplitude reduction was found in the AV condition, 
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compared to the sum of A and V conditions, F(1,23) = 8.30, p < 0.01, and this 
effect was present in both groups. Mean N1 amplitude in the AV condition was 
-1.67 μV, in the (A + V) condition -2.59 μV. No significant effect of Modality was 
observed on P2 amplitudes, with no significant Modality x Group interaction. 
Mean P2 amplitude in the AV condition was 1.79 μV, in the (A + V) condition 
1.57 µV (Figure 2).

Figure 2 Above: Frontal-central auditory evoked potentials in response to AV stimuli, and the sum of both 

unimodal (A + V) stimuli in the control and PDD group. N1 and P2 peaks are shown within the frame. Below: 

Temporal facilitation and amplitude reduction for AV conditions compared to the sum of unimodal conditions

AV Congruency. We found for both frontal and central-parietal pools a 
significant Congruency x Group interaction in the four consecutive time 
windows between 1100 – 1300 ms poststimulus onset, corresponding to 600 
– 800 ms after onset of incongruency. There were no significant hemispheric 
differences. Specifically, regarding these four time windows Congruency x 
Group values of left and right frontal sites revealed statistical values varying 
between F(1,23) = 5.87, p < 0.05, and F(1,23) = 7.48, p < 0.05. For the analyses 
of central-parietal sites, Congruency x Group values varied between F(1,23) = 
4.71, p < 0.05, and F(1,23) = 8.16, p < 0.01. 
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When testing the effects of Congruency for both groups separately, 
significant effects were found in the control group in these time windows 
(see Figure 3). With respect to frontal electrode pools, statistical values varied 
between F(1,12) = 10.00, p < 0.01, and F(1,12) = 15.06, p < 0.01. On average, 
this was reflected in more frontal negativity in the AV incongruent (-2.8 μV) 
compared to the AV congruent condition (-1.6 μV). None of these analyses 
revealed significant effects of Congruency in the PDD group, as we found no 
differences between AV incongruent (-1.6 μV) and AV congruent speech (-1.7 
μV). Significant Congruency effects were found in the control group in the same 
time windows for the central-parietal electrode pool as well, with statistical 
values varying between F(1,12) = 9.91, p < 0.01, and F(1,12) = 19.25, p < 0.001. 
Here, AV incongruent speech elicited larger positivity (2.2 μV) compared to 
AV congruent speech (1.3 μV). Again, none of these tests revealed significant 
effects in the PDD group (incongruent 1.5 μV compared to congruent 1.6 μV).

Figure 3 Mean Pooled ERP activity at left frontal (LF), right frontal (RF), and central-parietal (CP) electrode sites, 

representing congruent and incongruent AV speech of both control group, and PDD group. Differences between 

the two conditions were noticed at 1100 ms (590 ms after incongruency) in the control group only
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Discussion
Our goal was to investigate the temporal dynamics of AV speech integration in 
individuals with PDD and matched controls. The first part of our study focused 
on two early AEP components, the N1 and P2. The results indicated reduced 
amplitudes (N1) and temporal facilitation (N1 and P2) of AEPs to AV speech 
compared to responses to unimodal stimuli. This phenomenon was previously 
observed in healthy individuals and is thought to indicate that the presence 
of visual speech information facilitates auditory processing at this early level 
of processing (van Wassenhove et al., 2005). Recently, it has been shown that 
this low-level AV interaction is not speech-specific, but merely related to the 
degree in which the visual signal predicts the auditory stimulus (Stekelenburg 
& Vroomen, 2007). Here we show that this signature effect is also observed in 
PDD patients, providing additional evidence for normal low-level integration 
in PDD (van der Smagt et al., 2007).

Secondly, we were interested in higher-order integrative processes 
of AV speech. We found clear evidence of an AV congruency effect in the 
control group, consisting of late (starting at 500 ms after onset) bilateral 
frontal negativity and central-parietal positivity to incongruent compared 
to congruent AV speech. However, this congruency effect was not present 
in PDD patients. Studies of typically developing individuals have related 
differences between AV congruent and incongruent speech to higher-order 
integration of phonological information in bilateral brain regions (Klucharev 
et al., 2003). Note that in this study and in the present one no hemispherical 
differences were found, suggesting that AV speech integration depends on 
the functioning of both hemispheres. The finding of a lack of this congruency 
effect in individuals with PDD is consistent with a view of PDD as a disorder 
of complex information processing (Williams et al., 2006). According to this 
view, the most affected domains of processing are those that place the highest 
demands on information-processing capacity, while low-level abilities may be 
intact. In this sense, anomalies in processing have more to do with the mere 
complexity of the process rather than the type of processing that is being 
done. For instance, besides impairments in AV speech interactions, anomalous 
integrated processing of AV emotional information has also been found (Hall 
et al., 2003). This argues for a pattern of impairments on tasks that put high 
demands on integration of information and relative sparing on more low-level 
tasks.

An important question is how this AV congruency effect relates to cognitive 
functioning. The observed effect shares temporal characteristics with processes 
that are specifically related to processing of linguistic information. The most 
prominent ERP peak in this respect described in the literature in the latency 
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window of 500 to 800 ms is the P600, which has traditionally been associated 
with several kinds of syntactic violations (Osterhout et al., 1994). Recent studies 
related P600 effects to the integration of semantic, syntactic and pragmatic 
information (Eckstein & Friederici, 2005), and to a process that monitors the 
correctness of the percept (van Herten et al., 2005). This interpretation suggests 
that in individuals with PDD this monitoring of ambiguous percepts may not 
be functioning correctly. 

Our study contributes to a better understanding of the problems in 
communication found in PDD, yet it also has some limitations. Firstly, we did 
not include individuals with related disorders like ADHD or schizophrenia, 
who may seemingly also have problems on perceptual processing but with 
a very different origin including pharmacological treatment. Secondly, we 
took great effort including a homogeneous group of adult individuals without 
intellectual disabilities as patients, which resulted in relatively small sample 
sizes, thereby reducing statistical power of our effects. As high-functioning 
individuals with PDD tend to acquire compensational skills, they usually score 
low on diagnostic interviews such as the ADOS. Although these individuals 
scored well above ADOS cut-off values on group level and study results were 
based on group averages, the present results cannot be generalized to a 
younger population or to a group of lower-functioning individuals with PDD. 
Furthermore, one should not overlook the effect of attentional capacity, which 
can already modulate AV integration at the earliest stages of the process 
(Talsma, Doty, & Woldorff, 2007). In the present study attention was assured 
through the use of a concurrent speech recognition task, although slight 
differences between the two groups may still have confounded the results. 
The question whether atypicalities in AV integration in PDD arise solely from 
deficits in processes related to integrational abilities, or also from impairments 
in attentional capacity, therefore, remains to be answered.

Conclusion
In sum, we suggest that in PDD patients early non-linguistic AV interactions 
are intact, while AV interactions corresponding to more complex phonological 
processes are impaired. Given the importance of rapid multisensory integration 
for successful social behavior, deficits in the integration of phonological 
information may very well contribute to the communicative disabilities which 
are typical for the disorder.
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Abstract
Objective: An important premise for successful social-affective communication 
is rapid perception of visual and auditory emotional cues, as well as their 
integration. We investigated to what extent a deficit in recognition of emotions 
in individuals with Pervasive Developmental Disorder (PDD) may have its roots 
in abnormal perceptual integration of emotional cues provided by the sight of a 
facial expression and an emotional tone of voice. Methods: Electrophysiological 
responses to facial expressions and to emotionally congruent and incongruent 
face-voice pairs were measured in high-functioning, adult individuals with PDD 
and age- and IQ-matched controls. Results: Increased P1 and N170 amplitudes 
were seen in response to fearful faces compared to happy faces in both groups. 
However, PDD individuals differed from healthy controls in how they integrate 
threatening information from visual and auditory cues. Conclusions: The 
results indicate that both groups show a similar pattern as concerns the early 
components of visual emotion processing, but that there are impairments in 
processing of fearful face-voice combinations in the PDD group. Because of 
the importance of rapid audiovisual integration of threatening information for 
social competence, the absence of such effect in PDD may be linked to the 
observed deficits in their emotional behavior.
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Introduction
Pervasive Developmental Disorder (PDD) refers to a group of neuro-
developmental disorders characterized by impairments in social-emotional 
behavior and communication, co-occurring with repetitive, stereotyped 
behaviors (APA, 1994). A poor insight into the emotions of others seems to 
play a central role in the social interaction problems in this group, and it has 
been suggested that this is related to poor recognition of facial expressions 
(Bachevalier & Loveland, 2006). Recent evidence points towards a specific 
deficit in the recognition of threatening information (e.g. Ashwin et al., 2007; 
Humphreys et al., 2007). However, an alternative explanation is that these 
symptoms arise from an earlier impairment in the processing of (fearful) 
stimuli, more related to perception, rather than a more cognitive recognition 
deficit. Very few studies on emotion processing in PDD have focused on this 
question, but evidence for an abnormal perceptual component in autism is 
increasing (Behrmann et al., 2006; Dakin & Frith, 2005).

An important aspect of processing of emotional stimuli in every day life 
is that signals arrive from different modalities at the same time. For example, 
visual emotional signals (facial expressions) are usually accompanied by 
specific auditory signals (vocal expressions). There is increasing evidence that 
multisensory integration (MSI) of these stimuli is of great importance for fast 
and accurate emotion recognition. This is shown in a study that found improved 
judgment accuracy and speed for bimodal versus unimodal recognition of 
emotions (de Gelder & Vroomen, 2000). Therefore, the question can be raised 
to what extent social-affective impairments in PDD originate from impairments 
in perceptual integration of affective information.

 In one of the few studies investigating MSI of emotions in PDD, Hobson 

(1986) found behavioral impairments in the autistic children’s ability to match 
photographed facial expressions with emotional gestures and voices, although 
in a replication of this experiment (Prior et al., 1990), no impairments were 
found. In a PET study, Hall and colleagues (2003) found a different pattern of 
cerebral blood flow in individuals with PDD than controls during the processing 
of facial expressions accompanied by prosodic information. However, there is 
little information what stage of emotion processing is affected in PDD, and how 
this is related to MSI. One way to reliably assess the different temporal phases 
of the processing of emotional stimuli is by using Event Related Potentials 
(ERPs). 

An early ERP response that shows sensitivity to faces is the P1 component 
(Itier & Taylor, 2002). The P1 is an occipital positive potential around 120 ms 
that is enhanced by selective attention and presumably generated in the 
extra-striate cortex. The N170 component occurs later in time and reflects a 
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distinct stage of processing. The N170 is a negative deflection around 170 
ms at bilateral (although slightly right-lateralized) occipital-temporal sites. 
It is most commonly associated with higher level visual processing of faces, 
such as structural encoding of facial configuration (Bentin et al., 1996). Several 
studies now show that P1 as well as N170 amplitudes are influenced by facial 
expression, especially fear (Batty & Taylor, 2003; Halgren et al., 2000; Pourtois et 
al., 2005; Stekelenburg & de Gelder, 2004). These results confirm the hypothesis 
that emotional expression can modulate face processing even before structural 
encoding of the face is completed (Streit et al., 2003). So far, some studies in 
PDD have looked at the N170 as an index of facial configuration processing (e.g. 
O’Conner et al., 2005), but no studies have looked at these early modulations 
by facial expressions.

In addition, several studies with typically developing individuals now 
provide evidence of an early perceptual integration of face with voice 
information in the processing of affect (de Gelder et al., 1999; Pourtois et al., 
2000). Furthermore, recent studies indicate that ERP peaks that are usually 
thought to reflect early perceptual processing in sensory-specific cortices can 
be affected by crossmodal interactions. For instance, the frontal-central P2 
component, which is known to reflect activity from auditory cortical areas, has 
been shown to be sensitive to the congruency between emotions conveyed 
through the face and the voice (Pourtois et al., 2002). Additionally, an fMRI 
study investigating MSI of emotional stimuli shows enhanced neural activity 
in the fusiform gyrus to fearful faces only in congruency with fearful voices 
(Dolan et al., 2001). These results provide evidence of crossmodal effects on 
sensory-specific brain areas.

Our experimental paradigm consisted of the measurement of ERPs while 
participants were presented pairs of emotional faces and voices. Each trial 
started with the presentation of a happy or a fearful face, which was after a 
900-ms delay followed by a voice uttering a short sentence in either a happy 
or fearful tone of voice. Using this design allowed us to examine separately 
the electrophysiological responses to facial expressions and the influences 
of crossmodal congruency. In the first place, finding increased P1 and N170 
amplitudes in response to the presentation of fearful faces compared to happy 
faces, would indicate enhanced visual processing of the fearful event. Secondly, 
we examined electrophysiological responses to emotionally congruent and 
incongruent face-voice pairs at frontal-central (reflecting activity from auditory 
cortical areas) and occipital-temporal (reflecting activity from visual cortical 
areas) sites. In line with previous research, we hypothesized that in controls the 
largest audiovisual (AV) modulation of sensory-specific activity would be seen 
in response to congruent fearful face-voice pairs, on both visual and auditory 
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cortical ERP components. A result indicating that this effect is not obtained in 
individuals with PDD, would provide evidence for a disintegrated processing 
of visual and auditory emotions in this group.

Methods

Participants
Twelve high functioning, medication free, adult males with PDD (average age 
21.5, SD 4.0; one left-handed) and thirteen healthy adult males (average age 
23.0, SD 2.9; one left-handed) participated in the study. All individuals were 
administered the Wechsler Adult Intelligence Scale, Dutch edition (WAIS-III-
NL). Mean age and total IQ scores were similar for individuals with PDD (IQ 
122.4, SD 9.2) and individuals from the control group (IQ 127, SD 14.4). All 
individuals were free of recent substance abuse, seizure disorders, neurological 
diseases, head trauma or mental retardation. Additionally, all individuals in the 
control group were free of neurological and psychiatric history, and familial 
history of psychiatric disorders. All diagnoses of PDD (either Autistic Disorder 
or Asperger Syndrome) were based on DSM-IV criteria and were made by a 
child psychiatrist. Additionally, all patients were administered the Autism 
Diagnostic Observation Schedule (ADOS; Lord et al., 1989) by a trained rater, 
and their parents were informants on the Autism Diagnostic Interview Revised 
(ADI-R; Lord et al., 1994). Mean ADOS scores were 4.1 (SD 1.8) for the subscale 
‘Communication’ (cut-off score 2), and 8.4 (SD 3.6) for ‘Social behavior’ (cut-
off score 4). Mean ADI scores were 19.2 (SD 3.6) for ‘Social behavior’ (cut-off 
score 10), 15.6 (SD 4.9) for ‘Communication’ (cut-off score 8), 5.6 (SD 3.3) for 
‘Repetitive behaviors’ (cut-off score 3), and 2.7 (SD 1.1) for ‘Age of onset’ (cut-off 
score 1). All participants had normal or corrected to normal vision. They were 
all paid for their participation. Written informed consent was obtained for each 
participant before the session, according to the Declaration of Helsinki (2000). 
Approval of the medical ethics committee of the University Medical Center 
Utrecht was obtained prior to the study.

Stimuli and Procedure
Stimuli consisted of AV stimulus pairs with either a congruent or an incongruent 
affective content. The visual component consisted of one of six happy and six 
fearful faces (equally matched between male and female pictures) taken from 
the Ekman series (Ekman & Friesen, 1976). The auditory component consisted 
of spoken sentence fragments with a neutral content, which were pronounced 
in either a happy or fearful tone of voice (the Dutch sentence fragment ‘met 
het vliegtuig’ meaning ‘by plane’). Auditory stimuli were tested to eight 
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volunteers who did not participate in the experiment to ensure that stimuli 
were perceived as belonging to the appropriate category. Each visual stimulus 
was combined with a different spoken fragment, resulting in 12 congruent 
and 12 incongruent stimulus pairs. Each face-voice stimulus pair was derived 
from actors of the same sex and the same actors participated in the happy and 
fearful stimulus combinations. Size of the face pictures was 19 cm height by 13 
cm width, which at the mean viewing distance of 80 cm corresponds to a visual 
angle of 13.5º x 9.2º. Luminance was 38 cd/m2 on a 2.5 cd/m2 background. 
The mean level for sound was 60 dB(a), delivered over one loudspeaker placed 
directly below the screen. Mean levels for sound and luminance were equal 
across both happy and fearful stimuli.

A trial started with the presentation of the face. After 900 ms, the auditory 
stimulus was presented whereas the face remained on screen until the end of 
the voice fragment. This delay was introduced to be able to analyze the visual 
as well as the AV ERP responses separately. 

The six resulting stimulus categories were as follows: visual happy (H), visual 
fear (F), congruent AV happy (Hh), congruent AV fear (Ff ), incongruent visual 
fear-auditory happy (Fh) and incongruent visual happy-auditory fear (Hf ). 
Participants were comfortably seated in a chair in a soundproof experimental 
chamber. They were instructed to judge the sex of each stimulus pair, by pushing 
one of two designated buttons on a response box. To avoid any response-
related components in the ongoing ERP signal, they were instructed not to 
respond until after the visual stimulus was withdrawn. Intertrial interval was 
chosen randomly between 1000 – 1500 ms, immediately after the participant’s 
response. During this interval a central fixation cross was presented on screen. 
Stimuli within a total of eight blocks of 24 AV trials (equal amount of congruent 
and incongruent stimuli) were presented randomly.

Recordings
EEG’s were recorded from 48 locations using standard Ag/AgCl pin-type active 
electrodes (BIOSEMI) mounted in an elastic cap, referenced to an additional 
active electrode (Common Mode Sense) during recording. EEG signals were 
band-pass filtered (0.1–30 Hz) at a sample rate of 512 Hz and offline referenced 
to an average reference. Horizontal and vertical EOG’s were measured for 
offline correction.  

The raw data were segmented into epochs for visual and AV categories 
separately. All categories consisted of 900-ms epochs, including a 100-ms 
prestimulus baseline. After EOG correction, epochs with amplitudes exceeding 
± 100 μV at any channel were automatically rejected. Lowest allowed activity 
was 3μV / 200 ms, and the maximal allowed voltage step per sampling point 
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was 50 μV. ERPs were averaged separately for all six stimulus categories.

Data analysis
Electrode and time window selection for P1 and N170 was based on previous 
studies (Batty & Taylor, 2003); P1 was measured as mean of the peak latencies 
and amplitudes over occipital sites (O1/O2) and occipital-temporal sites (PO3/
PO4, PO7/PO8) in the time window 80 – 140 ms. Mean N170 was measured over 
bilateral occipital-temporal sites (P5/P6, P7/P8, PO7/PO8) as maximal negative 
peaks in the time window 130 – 210 ms. Mean amplitudes and latencies of 
auditory evoked potentials were measured relative to the maximum positivity 
at frontal-central electrodes (F3, Fz, F4, FC1, FC2) in the 160–240 ms interval 
(P2 component). Furthermore, characteristics of the auditory response were 
measured at occipital-temporal sites (P5/P6, P7/P8, PO7/PO8), as maximal 
negative peaks in the time window 160 – 240 ms (for electrode positions see 
Figure 1). Electrode selection for this peak was based on previous research 
yielding these sites as the ERP correlates of the fusiform gyrus (Itier & Taylor, 
2002). At these sites clear negative peaks were observed around 200 ms; 
therefore this potential is referred to as the auditory N2 component.

Separate multivariate analyses for repeated measures were performed to 
analyze the effects of visual and AV stimuli. We first tested whether P1 and N170 
amplitudes and latencies differed in response to happy and fearful faces, and 
whether there were differences in this respect between groups. Both analyses 
consisted of one between-subjects factor Group (PDD vs. control group), and 
the within-subjects factors Hemisphere (left vs. right) and Emotion (happy vs. 
fear).

 Secondly, we wanted to determine interaction effects between processing 
of facial expressions and emotional tone of voice. For this purpose, we tested 
whether auditory P2 amplitudes and latencies differed for the four AV stimulus 
categories. Analyses consisted of the between-subjects factor Group (PDD 
vs. control group), and the within-subjects factors Emotion (happy vs. fear), 
and Congruency (congruent vs. incongruent). Furthermore, to study whether 
interaction effects were also seen on (bilateral) visual cortical areas, additional 
analyses were done with a different set of more occipitally located electrodes (N2 
component). Analyses were arranged in similar Emotion and Congruency factors 
and one new factor, namely Hemisphere (left vs. right). Possible differences 
between groups related to AV interaction effects would be demonstrated as 
a specific interaction between the factors Emotion, Congruency and Group. In 
case this planned interaction was found, we continued with determining how 
the response to an emotional tone of voice was modulated by the preceded 
processing of a particular emotional expression, and how this differed 
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between both groups. Therefore, we compared congruent with incongruent 
AV interactions for both auditory conditions (happy and fear) separately, using 
multivariate analyses for repeated measures. To test the effect for the fearful 
auditory condition, we compared the Ff with the Hf condition; for the happy 
auditory condition we compared the Hh with the Fh condition. 

Figure 1 Scalp locations on which visual P1, visual N170, auditory P2, and auditory N2 were measured

Results

Visually evoked potentials
P1 amplitude values of one PDD individual deviated more than three standard 
deviations from the group mean. This individual was excluded from further P1 
analysis. There was a main effect of Emotion on P1 amplitude, F(1,22) = 7.20, 
p < 0.05, reflecting increased amplitudes for fearful faces (8.9 μV) compared 
to happy faces (8.2 μV). This effect was observed similarly across both groups, 
and indeed there was no significant interaction between Emotion and Group. 
The factor Emotion had no effect on P1 latencies, (mean latency 122.2 ms; SD 
1.9). 

Secondly, the influence of facial expressions on the N170 component was 
tested. A main effect was observed for the factor Emotion, F(1,23) = 8.02, p < 
0.01, indicating larger negative amplitudes for fearful faces (-0.83 μV) compared 
to happy faces (-0.46 μV). This difference was significant across both groups 
(see Table 1), with no interactions. Emotion had no significant effect on N170 
latencies (mean latency 175.2 ms; SD 3.8). 

P1
N170 / N2
P2
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Table 1 Mean ± SE amplitudes for both groups to happy and fearful faces (P1 and N170), and voices (P2). Asterisks 

indicate significant p values (p < 0.05).

Controls PDD
Happy Fear Happy Fear

P1 (μV) 7.71 ± 1.01 8.11 ± 0.88 * 7.15 ± 1.11 8.09 ± 0.96 *

N170 (μV) -1.04 ± 0.61 -1.42 ± 0.69 * 0.71 ± 0.66 0.34 ± 0.75 *

P2 (μV) 2.91 ± 0.51 3.48 ± 0.52 * 2.47 ± 0.49 3.13 ± 0.50 *

Evoked potentials related to AV interaction
The factor Emotion had a significant effect on the (auditory) P2 amplitudes, 
F(1,23) = 7.79, p < 0.01, meaning that both auditory fear conditions (Ff and Hf ) 
showed increased amplitudes (3.21 µV) compared to both auditory happy (Hh 
and Fh) conditions (2.58 µV). There was no interaction between Emotion and 
Congruency, and no differences were found between groups. There were no 
significant effects of Emotion on P2 latencies.

Regarding the (visual) N2 amplitudes, there was a significant effect of the 
main factor Emotion, F(1,23) = 6.78, p < 0.05, with largest N2 amplitudes in 
the auditory fearful condition (-2.40 µV), compared to auditory happy (-1.90 
µV), and no significant group interaction. Differences between groups related 
to AV interaction effects resulted in the predicted interaction between the 
factors Emotion, Congruency and Group, F(1,23) = 4.11, p < 0.1. Next, we 
determined how the response to an emotional tone of voice was modulated 
by the concurrent processing of a particular emotional expression, and how 
this differed between both groups. For the auditory fearful condition, we 
found a significant Congruency x Group interaction effect, F(1,23) = 14.27, p < 
0.01. Congruent fearful AV conditions led in the control group to a significant 
increase in N2 amplitude (Ff -3.02 μV vs. Hf -2.19 μV), F(1,12) = 5.83, p < 0.05, 
but to a significant decrease among PDD individuals (Ff -1.70 μV vs. Hh -2.70 
μV), F(1,11) = 8.67, p < 0.05. Auditory happy conditions did across both groups 
not significantly differ between congruent and incongruent conditions (see 
Figure 2). No significant hemispheric differences were found, and no significant 
effects were found on N2 latencies (mean latency 201.1 ms).
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Figure 2 Mean N2 amplitudes (± SE) at occipital-temporal electrodes for both groups to audiovisual face-voice 

pairs: Fearful face-fearful voice (Ff), Happy face-fearful voice (Hf), Happy face-happy voice (Hh), Fearful face-

happy voice (Fh). Asterisks indicate significant p values (p < 0.05)

Discussion
The goal of the present study was to examine ERPs to emotional faces and voices 
in high-functioning individuals with PDD and healthy controls. Specifically, 
we were interested in early perceptual responses to happy and fearful facial 
expressions and in MSI of affective information. Our results showed equivalent 
increases in P1 and N170 amplitudes at occipital-temporal sites in response 
to fearful faces as compared to happy faces in both groups. We can conclude 
that these rapid perceptual responses to facial expressions are intact in PDD 
individuals, and seem therefore not related to the displayed problems in 
emotional interaction. Furthermore, the results clearly indicated enhancement 
of the auditory P2 amplitude in response to fearful voices as compared to 
happy voices, an effect which was present in both the control group and the 
patient group. This P2 component is known to reflect activity from auditory 
cortical areas. Increased activity in auditory cortex has been found in response 
to negative emotional voices relative to neutral voices, which might suggest 
a similar mechanism as described for the fusiform cortical areas in the visual 
domain (Grandjean et al., 2005).

Secondly, we wanted to determine interaction effects between the 
processing of facial expressions and emotional tone of voice. For this purpose, 
we measured the effects of crossmodal presentation on ERP peaks that 
are thought to reflect perceptual processes in sensory-specific cortices. In 
healthy controls N2 amplitudes at occipital-temporal sites were enhanced 
to presentation of fearful voices compared to happy ones, but only when 
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presented in the context of a fearful facial expression. On the contrary, 
individuals with PDD showed diminished N2 activity when fearful voices were 
processed in the context of fearful facial expressions. These results suggest 
that individuals with PDD differ from healthy controls in how they integrate 
threatening information from visual and auditory cues.

In view of this result, an important question is what this modulation of 
activity in visual cortex to fearful faces and voices reflects. Evidence from 
single-cell recordings in monkeys has shown enhanced firing of specific 
neurons to emotional (particularly fearful) compared to neutral images 
(Sugase et al., 1999). Recent brain imaging studies investigating the effects of 
emotions on visual processing suggest that this modulation of visual cortical 
activation is provided by functional coupling of the amygdala to the fusiform 
cortex, resulting in enhanced processing of the emotional event (Amaral et 
al., 2003). Interestingly, modulation of the fusiform response has been related 
to the integration of AV emotional information as well. Using fMRI, Dolan 
and colleagues (2001) found increased amygdala and fusiform activation in 
response to fearful faces only when these were emotionally congruent with 
fearful voices. As in the present study, other emotional face-voice interactions 
showed no such effect. The authors argued that a functional consequence of 
this interaction between fearful information from faces and voices is enhanced 
attention and processing of the emotion-eliciting stimulus. One might 
hypothesize that the AV fear-related modulation of ERP activity in occipital-
temporal areas we observe in the present study may be the electrophysiological 
correlate of these fMRI findings. 

A number of research groups have proposed that PDD may be characterized 
by generalized abnormalities of neural connectivity (Brock et al., 2002; Just et 
al., 2004). We suggest that the present study provides evidence against a wide 
application of this model. Specifically, finding intact modulation of activity in 
visual cortical areas in response to fearful facial expressions argues for intact 
structural connections of these areas with the amygdala. On the other hand, 
the aberrant modulation of visual cortical activity to fearful AV stimuli might 
involve other brain areas, such as the STS, which appears to play an important 
role in MSI at later processing stages (Baylis et al., 1987). It is believed to be 
involved in cortical integration of both sensory and limbic information, and is 
furthermore associated with social perceptual skills (Allison et al., 2000). Based 
on the present findings it could be argued that individuals with PDD have 
impaired functional connectivity between the fusiform gyrus and STS.

However, besides interpreting the present data in the light of possible 
impairments in MSI, one should not overlook the possibility that the observed 
results in the patient group are due to other causes. Attention, for instance, can 
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already modulate MSI at the earliest stages of the process, finding the strongest 
interactions when attention is divided between both unisensory objects 
(Talsma et al., 2007). In the present study attention was equally needed in all 
conditions through the use of a concurrent gender recognition task, although 
we can not exclude that the gender decision was based on paying attention to 
the visual stimulus only. Therefore, differences in this respect between the two 
groups may have confounded the results. Future research has to be undertaken 
to disentangle attentional deficits from true integration abilities associated 
with the disorder. Further, it is important to recognize that in the present 
study all participants were young adults with high IQ. Interestingly, Putzar et 
al. (2007) argue that full development of MSI depends on adequate sensory 
input during the first months of life. Therefore, prospective developmental 
studies are needed to establish how early sensory processing is related to MSI 
in PDD. Also, from the present study it is not clear whether the results can be 
generalized to individuals with PDD suffering from intellectual disabilities. Our 
group sizes were relatively small, which may have reduced statistical power 
of our effects. However, we took great effort to put together a homogeneous 
group of individuals without mental retardation, as a result of which we can 
conclude that the found effects can be attributed to PDD only.

Conclusion
Taken together, the present results argue for intact processing of fearful facial 
expressions at the perceptual level, as indexed by ERP peaks P1 and N170, 
in adults with PDD. Furthermore, this study raises the matter of crossmodal 
processing of emotional faces and voices, as the ability to integrate multiple 
sources of perceptual input adds to the extent in which an individual efficiently 
processes environmental cues. Our findings indicate a modulation of visual 
cortical activity during the perception of fearful faces, only when they are 
accompanied by fearful voices and this effect is present differently in the control 
group than in the patients. A difference in this integration effect in individuals 
with PDD raises important implications concerning how impairments in 
emotional reciprocity might arise in this group. Given the developmental 
origin of the syndrome, one might even speculate that such a dysfunctional 
modulation early in life contributes to the development of abnormal social 
perception in this syndrome. Therefore, the present study argues in favor of 
the view that the observed problems in social-affective abilities in PDD are 
not entirely social in origin, but may have an early perceptual component. 
However, there are alternative explanations for the findings in the present 
study, and there is certainly need for further exploration of the determinants 
of MSI in PDD. 
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Abstract
Background: Attentional impairments are among the most consistently 
reported cognitive deficits in Pervasive Developmental Disorders (PDD), and 
are particularly explicit in the patient’s ability to divide attention between 
auditory and visual modalities. Several older studies have yielded suggestions 
that multisensory integration (MSI) is impaired in individuals with PDD. The 
critical question, however, remains whether anomalous patterns of MSI arise 
from deficits in specific processes related to integration abilities, or from 
impairments in attentional capacity. Objective: The focus of the present study 
was on the influence of attention on the integration of emotional visual and 
auditory information in PDD individuals, using Event-related potentials (ERPs). 
Methods: ERPs following emotionally congruent and incongruent face-voice 
pairs were measured in 23 high-functioning, adult PDD individuals and age- 
and IQ-matched controls. MSI was studied while attention was divided between 
both modalities or while participants were either mildly (1D) or heavily (2D) 
distracted. ERPs to audiovisual stimuli (AV) were compared with the sum of the 
ERPs to auditory and visual stimuli, measuring low-level MSI. The difference in 
ERP activity to congruent and incongruent AV stimuli indicated higher-order, 
or emotion related, MSI. Results: Low-level MSI was similarly observed in both 
groups and was shown to be strongest for the divided attention condition. 
Higher-order MSI was observed most clearly in the divided attention condition, 
but only for controls. PDD individuals did show higher-order MSI, but only in 
the 1D condition. In the 2D condition neither group showed MSI. Conclusions: 
PDD individuals are able to process multisensory emotional stimuli on lower 
as well as higher cognitive levels. Disruptions in MSI are shown to be related to 
attentional mechanisms, possibly involve functioning of the anterior cingulate 
cortex, and disappear when attention is drawn to one modality only.
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Introduction
Autism, which is the most severe of the Pervasive Developmental Disorders 
(PDD), is a behaviorally defined syndrome characterized by restrictions in 
reciprocal social interaction and communication, and by stereotyped, repetitive 
behaviors (American Psychiatric Association, 1994). In his original clinical 
report on children he defined as autistic, Kanner (1943) already mentioned the 
children’s unusual attention to parts rather than wholes. Currently, attentional 
impairments are among the most consistently reported cognitive deficits 
in PDD, and have profound implications for several clinical features of the 
disorder (Allen & Courchesne, 2005). For example, Kemner et al. (1994) found 
heightened reactivity to irrelevant stimuli which might explain distractibility 
of the patients; others argued that disruptions in the attentional system are 
particularly explicit in the patient’s ability to shift attention within the visual 
modality and between auditory and visual modalities (Courchesne et al., 1994). 
Selectively attending to, and effortlessly shifting between multiple sources of 
simultaneously presented sensory inputs is essential for achieving a coherent 
percept and plan a proper action. Yet, several older studies have yielded 
suggestions that multisensory integration (MSI) is impaired in individuals with 
PDD (for a review, see Iarocci & McDonald, 2006). The critical question, however, 
remains whether anomalous patterns of MSI arise from deficits in specific 
processes related to integration abilities, or from impairments in attentional 
capacity. The focus of the present study is therefore on the influence of 
attention on the integration of visual and auditory information in this group.

Attention influences information processing already at a very early 
stage, presumably serving the purpose of enhancing the percept (Hopfinger 
& Mangun, 1998). Most studies on this topic have focused on the effects 
of attention on the processing of stimuli from a single sensory modality. 
Recently, however, several studies have shown that attention can spread 
across modalities. Due to their high temporal sensitivity, event-related 
potentials (ERPs) are ideally suited for mapping influences of attention across 
sensory modalities. One of the methods applied to measure these influences 
is by comparing ERP activity to combined auditory-visual (AV) stimulation to 
activation evoked by unimodal presentation, while manipulating attention to 
one or both modalities. The activation patterns of several ERP components, 
as early as 50 ms poststimulus, have shown to be different to combined AV 
stimulation than would be predicted from their responses to unimodal 
stimulation alone (Giard & Peronnet, 1999). Recently, Talsma and colleagues 
(2007) showed the interdependence between MSI and attention by reporting 
that this low-level integration effect is found most strongly when attention is 
divided between both visual as well as auditory parts of the stimuli. 
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In contrast with a multitude of studies related to MSI of artificial stimuli, 
only a few studies thus far have investigated integration of naturally occurring 
socially relevant stimuli from visual and auditory cues. The adaptive function 
of MSI includes response enhancement, but also enrichment of the percept, 
and is therefore very valuable in the rapid perception of human emotions. 
Several studies show that emotional voices influence how facial expressions 
are perceived (de Gelder & Vroomen, 2000), an interaction taking place within 
200 ms after presentation of the stimuli (de Gelder et al., 1999). ERP effects of 
MSI of emotional cues are mostly found by calculating the difference in ERP 
activity between congruently and incongruently dubbed AV emotional stimuli. 
Differences in activity between these conditions are seen as a signature effect 
of MSI, reflecting higher-order integration of emotional information (Pourtois 
et al., 2002).

Concerning MSI of emotional information in PDD, the results displayed thus 
far are inconclusive. Data from a recent study in which we tested emotional 
facial muscle responses to AV emotional stimulation, revealed that the reflex-
like emotional motor responses are intact among individuals with PDD (Magnée 
et al., 2007). On the contrary, ERP responses to similar emotional face-voice 
combinations were characterized by atypical occipital-temporal ERP peaks 
around 200 ms poststimulus towards congruent AV fearful stimuli (Magnée et 
al., in revision). Specifically, individuals with PDD showed diminished ERP activity 
when fearful voices were processed in the context of fearful facial expressions, 
whereas healthy controls showed increased responses. We were, however, not 
able to conclude whether this atypical response indicated a deficit in MSI of 
emotional stimuli, or whether other task-related differences were influencing 
the results. That is, in neither study subjects were specifically asked to attend 
to both audition and vision, and given the evidence of attentional influences 
on MSI, differences in this respect between PDD individuals and controls could 
have confounded the results. Possibly, controls are more akin to automatically 
divide attention between modalities and show MSI effects, whereas PDD 
individuals tend to a more unimodal allocation of attention, leading to aberrant 
multisensory ERP responses (Hoeksma et al., 2004). Given the evidence that 
MSI is shown most strongly when both modalities are attended, the results 
from the previous study could therefore not be attributed to anomalous MSI 
in PDD individuals. 

In the present study we presented a group of young adult PDD and control 
individuals with happy and fearful face-voice pairs while they were asked to 
either attend to both audition and vision, or while they were mildly or heavily 
distracted from the emotion eliciting AV event. Two separate ERP effects 
were investigated. In the first place, by comparing both unimodal stimulus 
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conditions to the bimodal condition, we were able to measure low-level 
influences of attention on both visual and auditory ERP activity. A typical visual 
ERP response to human faces is the N170 peak, found at bilateral occipital-
temporal areas (Bentin et al., 1996). Typical ERP peaks found in response to 
auditory information processing are the frontal-central N1 and P2 peaks 
(McArthur & Bishop, 2005). We hypothesized that attention directed towards 
or away from the AV stimuli dictates whether multisensory responses were 
found or not. This means that when auditory and visual components of the 
stimuli were both attended, multisensory interactions were characterized 
by smaller amplitudes compared to the summed unisensory ERPs. Diverting 
attention from the stimuli is expected to diminish this in a nonlinear way 
(Talsma et al., 2007). Besides a divided attended condition, two distracter tasks 
were used. In the easy-distracter task participants were asked to attend to the 
rapid serial presentation of a single digit on either the left or right cheek of 
the presented facial expression. In the hard-distracter condition, participants 
were instructed to add two digits that were being presented simultaneously, 
with one on either side of the cheek. In line with previous research on MSI in 
PDD, we hypothesized that this low-level integration was similarly observed in 
healthy and PDD individuals (Magnée et al., 2008).

In the second place, the difference in ERP activity to congruently and 
incongruently dubbed AV emotional information was used to measure higher-
order, specifically emotion related, integrative processes (Pourtois et al., 2002). 
We hypothesized that differences to AV congruent and incongruent stimuli in 
similar ERP components as in the first analysis (N170, N1, P2) would be most 
pronounced in the divided attended condition and gradually attenuated as 
distracter load increased. Concerning PDD individuals, we tested the possibility 
that aberrant ERP modulation to AV emotional stimuli in these individuals in 
our previous study (Magnée et al., in revision) was due to an atypical allocation 
of attention. Therefore, in the present study we hypothesized finding atypical 
ERP responses in PDD individuals only in the condition where attention 
was explicitly directed towards both vision and audition simultaneously. 
Other conditions would reveal normal MSI responses, showing that atypical 
multisensory responses are caused by differences in attention in this group.

Methods

Participants
23 high functioning adult males with PDD (average age 22.7 years, SD 3.8; 
five left-handed) and 24 healthy adult males (average age 22.7, SD 1.9; seven 
left-handed) participated in the study. All individuals were administered the 
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Wechsler Adult Intelligence Scale, Dutch edition (WAIS-III-NL). Mean age and 
total IQ scores were similar for individuals with PDD (IQ 118.2, SD 10.8) and 
individuals from the control group (IQ 116.1, SD 10.6). All individuals were 
free of recent substance abuse, seizure disorders, neurological diseases, 
head trauma or mental retardation. Additionally, all individuals in the control 
group were free of neurological and psychiatric history, and familial history 
of psychiatric disorders. All diagnoses of PDD (either Autistic Disorder or 
Asperger Syndrome) were based on DSM-IV criteria and were made by a 
child psychiatrist. Additionally, all patients were administered the Autism 
Diagnostic Observation Schedule (ADOS; Lord et al., 1989) by a trained rater, 
and their parents were informants on the Autism Diagnostic Interview Revised 
(ADI-R; Lord et al., 1994). Mean ADOS scores were 5.9 (SD 3.4) for the subscale 
‘Communication’ (cut-off score 2), and 10.0 (SD 5.0) for ‘Social behavior’ (cut-off 
score 4). Mean ADI scores were 15.9 (SD 4.1) for ‘Social behavior’ (cut-off score 
10), 19.5 (SD 6) for ‘Communication’ (cut-off score 8), 5.4 (SD 2.1) for ‘Repetitive 
behaviors’ (cut-off score 3), and 3.3 (SD 1.7) for ‘Age of onset’ (cut-off score 1). 
All participants had normal or corrected to normal vision. They were all paid for 
their participation. Written informed consent was obtained for each participant 
before the session, according to the Declaration of Helsinki (2000). Approval of 
the medical ethics committee of the University Medical Center Utrecht was 
obtained prior to the study.

Stimuli and Procedure
Visual stimuli consisted of happy and fearful faces (equally matched between 
male and female pictures) taken from the Karolinska Directed Emotional Faces 
set (Lundqvist, Flykt, & Öhman, 1998). Auditory stimuli consisted of short 
non-prosodic expressions of happiness and fear. Each visual stimulus was 
combined with an auditory fragment in order to construct AV stimulus pairs 
with either a congruent or an incongruent affective content. Each AV stimulus 
pair was derived from actors of the same sex and the same actors participated 
in the happy and fearful stimulus combinations. Size of the face pictures was 
19 cm height by 13 cm width, which at the mean viewing distance of 80 cm 
corresponds to a visual angle of 13.5º * 9.2º. The auditory stimuli were presented 
binaurally through stereo insert earphones (Eartone ABR) at a level of 83 dB(a). 
Mean levels for sound and luminance were equal across both happy and fearful 
stimuli. Simultaneously with the presentation of the stimuli, different kinds of 
distracters were shown on the face. During visual catch trials a small white dot 
was positioned on the nose of the face stimulus during 85 ms. Auditory catch 
trials included a 50-ms 1000-Hz tone of 83 dB(a) with a fade-in and fade-out 
time of 10 ms, which was presented together with the A stimulus. In the easy-
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distracter condition, faces were shown together with the presentation of single 
digits on either the left or right cheek (0 till 9). In the hard distracter condition 
(2D), faces were shown together with the presentation of two digits, with one 
presented at each side of the cheek of the face stimulus (0 till 9).

Audiovisual, auditory (A) and visual (V) trials were presented in separate 
blocks, catch trials were included to control for attention. V and A blocks 
consisted of 160 repetitions of happy and fearful stimuli, and an additional 
of 16 catch trials. AV blocks consisted of four stimulus categories: congruent 
audiovisual happy (Hh), congruent audiovisual fear (Ff ), incongruent visual 
fear-auditory happy (Fh) and incongruent visual happy-auditory fear (Hf ). Each 
stimulus combination was presented 72 times, resulting in a total of 288 AV 
stimulus repetitions, and an additional of 30 catch trials. Faces were shown 
for 100 ms, followed by a grey screen for 400 ms. Auditory stimulus duration 
was 500 ms, alternated by an intertrial interval chosen randomly between 600 
– 1400 ms. During this interval a central fixation cross was shown at the middle 
of the screen. 

Participants were given five different types of attentional instructions for 
the different runs. i) In V blocks, participants were instructed to attend the faces, 
and respond only to visual catch trials, which appeared in 10% of all stimuli; 
ii) In A blocks, participants were instructed to focus their attention to the A 
stimuli and respond only to auditory catch trials, which were presented in 10% 
of all stimuli; iii) In the attend AV condition (0D), participants were instructed 
to attend visual and auditory objects, and respond to both visual and auditory 
catches, which were again presented in 10 % of all stimuli; iv) In the 1D condition, 
participants were instructed to ignore the V and A stimuli, and attend only to 
the single digit which was shown successively and randomly on either the 
left or right cheek of the face stimulus. They were furthermore instructed to 
respond only to digit ‘3’, which was presented in 10 % of all stimuli; v) In the 
2D condition, participants were instructed to ignore the V and A stimuli, and 
attend only to the serial presentation of two digits, with one presented on 
either cheek of the face stimulus. They were furthermore instructed to respond 
only when the two digits presented together add 10, which was the case in 
10 % of all stimuli (See Figure 1). In all conditions, participants were required 
to respond to the catches by making a speeded button-press response on a 
designated response box. In order to avoid response related components in 
the ongoing ERP signal, all catch trials were excluded from further analyses. 
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Figure 1 Example of visual distracters: the 0D condition (left), 1D condition (middle), and 2D condition (right) 

Recordings
EEG’s were recorded from 64 locations using standard Ag/AgCl pin-type active 
electrodes (BIOSEMI, Amsterdam, the Netherlands) mounted in an elastic cap, 
referenced to an additional active electrode (Common Mode Sense) during 
recording. EEG signals were band-pass filtered (1–30 Hz) at a sample rate of 
2048 Hz and offline referenced to an average reference. Horizontal and vertical 
EOG’s were measured for offline correction.   

The raw data were segmented into epochs for visual, auditory, and AV 
categories separately. All categories consisted of 1000-ms epochs, including 
a 100-ms pre-stimulus baseline. After EOG correction, epochs with amplitudes 
exceeding ± 100 µV at any channel were automatically rejected. Lowest allowed 
activity was 3 µV/ 200 ms, and the maximal allowed voltage step per sampling 
point was 50 µV. ERPs were averaged separately for all stimulus categories.

Data analysis
Peak latencies and amplitudes of auditory ERP components were measured at 
frontal-central electrodes (FC1, FC2, FCz). N1 and P2 latencies and amplitudes 
were determined as the mean of the individual peaks over these three 
electrodes; N1 as maximal negative peak in the time window 70 – 150 ms after 
auditory onset, P2 as maximal positive peak in the time window 150 – 230 ms 
after auditory onset, for V, A, and AV conditions. Peak latencies and amplitudes 
of visual N170 were measured at bilateral occipital-temporal electrodes (P7, 
P8), in the time window 130 – 210 ms. Using a multivariate analysis of variance 
(MANOVA) procedure for repeated measures, we first tested whether mean P2 
peaks and latencies differed between happy and fearful voices, and whether 
this effect differed between groups. For this comparison, MANOVA analysis 



99M. J. C. M. Magnée - Do you see what I am saying?

consisted of the between-subjects factor Group (PDD vs. control group), and 
the within-subjects factor Emotion (happy vs. fear). N170 peaks and latencies 
to happy and fearful faces were analyzed using the between-subjects factor 
Group, and the within-subjects factors Emotion and Hemisphere (left vs. 
right).

Secondly, N170, N1 and P2 latencies and amplitudes in response to bimodal 
stimuli (AV) were compared to the sum of ERP signals obtained in unimodal 
conditions (A + V). This method has been used by Giard & Peronnet (1999) for 
determining whether AV responses could be merely accounted for by adding 
auditory and visual evoked potentials. For N1 and P2 peaks MANOVA analyses 
consisted of one between-subjects factor Group (PDD vs. control group) and 
the within-subjects factors Presentation (0D vs. (A + V)) and Emotion (Ff, Fh, 
Hf, Hh). Further, this analysis was repeated for the 1D (1D vs. A + V), and 2D 
(2D vs. A + V) conditions. Attention could not be analyzed as a within-subjects 
factor in this analysis as there were no unimodal analogues of the 1D and 2D 
conditions.

Thirdly, we used the AV congruent and incongruent conditions for 
measuring crossmodal Congruency effects. These were tested by comparing 
AV congruent and incongruent stimuli for each visual emotion separately. 
These analyses consisted of the same between-subjects factor, and the within-
subjects factors Attention (0D, 1D, 2D), and Voice (happy vs. fear) for happy 
and fearful faces separately. N170 effects were analyzed using similar tests, 
although for these analyses the additional within-subjects factor Hemisphere 
(left vs. right) was included. 

Furthermore, given the importance of crossmodal divided attention for 
effectuating MSI (Talsma et al., 2007), and the presumed role the anterior 
cingulate cortex (ACC) plays in this process (Loose et al., 2003), we estimated 
source localizations of ERP activity related to the AV divided attention 
condition (0D). We used BESA (MEGIS Software GmbH) and a standardized 
FEM model (default version) for source modeling. The FEM model provides 
a realistic approximation of the average head in Talairach space (created 
from an averaged head using 24 individual MRIs). Source estimations were 
performed from the grand averaged ERP data, for both groups separately, in 
the time window between 130 and 180 ms post-stimulus for visual, auditory, 
and AV (0D) conditions. The optimal set of parameters was found iteratively, 
by searching for a minimum in residual variance (RV), which is defined as the 
percentage of variance in the recorded potential distribution not explained 
by the model. To limit the number of parameters to be estimated, a symmetry 
constraint with respect to location was applied for each bilateral dipole pair. 
The orientation of the dipoles was not constrained. According to previous 
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research, double bilateral symmetric dipole pairs were fitted for the visual 
condition (Boeschoten et al., 2007), and one single bilateral symmetric dipole 
pair for the auditory condition (Kemner et al., 2004). The source localizations 
of both these conditions combined were used as a source model for the 0D 
condition (congruent and incongruent condition averaged together). In the 0D 
condition, we fixated the locations and orientations of these triple dipole pairs, 
and additionally modeled one single source without constrains on location and 
orientation. We did not perform statistical analyses on these source models, as 
they only served the purpose of visual support for previous studies in which a 
role of the ACC in crossmodal divided attention was suggested.

Results

Behavioral data
On behavioral measures independent-Samples T tests revealed no Group 
differences in number of errors that were made in both unimodal conditions. In 
both groups almost all visual and auditory catch trials were detected correctly. 
In all three bimodal conditions, however, PDD individuals made significantly 
more errors than controls. This effect was found in the 0D condition, in which 
a mean amount of 2.91 errors was made by PDD individuals, compared with a 
mean of 0.92 errors by controls, t(45) = -2.7, p < 0.01. In the 1D condition, the 
same effect was observed (PDD 1.65 errors; controls 0.46), t(45) = -2.3, p < 0.05, 
as well as in the 2D condition (PDD 3.22 errors; controls 1.5), t(45) = -2.1, p < 
0.05.

Electrophysiological data to unimodal conditions
P2 amplitudes to happy and fearful voices did not significantly differ, although 
we found a trend towards larger amplitudes for happy voices (2.8 µV) 
compared with fearful voices (2.6 µV), F(1,45) = 3.73, p < 0.1. This effect did 
not differ between groups, nor were any significant P2 latency effects found. 
N170 amplitudes and latencies did not significantly differ between happy and 
fearful faces, and no significant Group interaction effects were found.

Electrophysiological data to bimodal (AV) compared with unimodal (A+V) 
conditions
Integration effects measured by the differences between AV and (A + V) 
conditions did not reveal significant effects of Presentation on N1 peaks. On 
P2 amplitudes, we found a significant effect of Presentation, F(1,44) = 16.88, 
p < 0.001, with the A + V condition having larger amplitudes (3.9 µV, SE 0.2) 
than the 0D condition (3.4 µV, SE 0.2), without significant emotion nor group 
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interactions (Figure 2). In the 1D condition the effect of Presentation was also 
significant (3.6 µV, SE 0.2), yet less conclusive, F(1,44) = 5.16, p < 0.05, without 
any group interaction effects. In the 2D condition (3.7 µV, SE 0.2) no significant 
effects of Presentation and no group effects were found. 

On visual processing areas (N170 amplitude), we also found a significant 
effect of Presentation, F(1,45) = 14.5, p < 0.001, with the A + V condition 
having larger amplitudes (-4.3 µV, SE 0.3) than the 0D condition (-3.8 µV, SE 
0.3), without significant emotion nor group interactions (Figure 3). In the 1D 
(-4.1 µV) and 2D conditions (-4.2 µV) this effect was not found (Figure 3). No 
significant effects were found on P2 and N170 latencies. 
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Figure 2 The top panel shows frontal-central P2 amplitudes to AV and (A+V) stimuli in the 0D, 1D, and 2D 

conditions in the control group and PDD group. The bottom panel depicts calculated differences (±SE) on P2 

amplitudes between stimulus conditions “(A+V) – AV” which did not differ between groups 
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Figure 3 The top panel shows occipital-temporal N170 amplitudes to AV and (A+V) stimuli in the 0D, 1D, and 2D 

conditions in the control group and PDD group. The bottom panel depicts calculated differences (±SE) on N170 

amplitudes between stimulus conditions (A+V) – AV which did not differ between groups 
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Electrophysiological data to congruent and incongruent AV conditions
Related to Congruency effects for fearful visual conditions (Ff vs. Fh), significant 
increases in P2 amplitudes were found in the Fh (3.7 µV, SE 0.2) compared 
with Ff (3.5 µV, SE 0.2) condition, F(1,44) = 5.73, p < 0.05. Further, a significant 
effect of attentional load was found, F(2,43) = 3.38, p < 0.05, meaning that 
P2 amplitudes were lower in the 0D condition (3,4 µV), than the 1D (3.6 µV) 
and 2D (3.7 µV) conditions. No Group interaction effects were found for these 
analyses. For happy visual conditions, we found a significant effect of Vocal 
expression on P2 amplitudes, with Hh showing increased amplitudes (3.6 µV) 
compared with Hf (3.4 µV) conditions. This effect, however, did not significantly 
differ between attentional loads nor were any group effects found. 

Concerning Congruency effects for fearful visual conditions (Ff vs. Fh) on 
N170 amplitudes, a significant effect of Vocal expression was found, F(1,45) 
= 5.9, p < 0.05, with larger amplitudes in the Fh condition (-4.2 µV, SE 0.3) 
compared with the Ff condition (-4.0 µV, SE 0.3). Also, this effect significantly 
differed between Hemispheres (F(1,45) = 5.2, p < 0.05), and between Groups 
(F(1,45) = 5.1, p < 0.05). Post Hoc comparisons (paired-samples T-tests) for left 
hemisphere only, revealed significant Voice x Group interactions, F(1,45) = 5.3, 
p < 0.05, with significant differences between Ff and Fh conditions found only 
in the control group (-3.2 µV, SE 0.4 vs. -3.8 µV, SE 0.3; t(23) = 2.2, p < 0.05), but 
not in the patient group (Figure 4). In the 1D condition, we found a similar 
increase in amplitude across both groups in the Fh condition (-4.2 µV, SE 0.3) 
compared with the Ff condition (-3.5 µV, SE 0.3). Post hoc t-tests of both groups 
separately for the 1D condition indeed revealed significant increases in the 
control group, t(23) = 4.1, p < 0.001, as well as in the PDD group, t(22) = 2.4, 
p < 0.05. In the 2D condition no significant effects were found. For the right 
hemisphere and for happy visual conditions (Hh vs. Hf ) across all attentional 
loads no significant effects were found.
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Figure 4 The top panel shows occipital-temporal N170 amplitudes to FH (fearful face-happy voice) and FF (fearful 

face-fearful voice) stimuli in the 0D, 1D, and 2D conditions in the control group and PDD group. The bottom panel 

depicts calculated differences (±SE) on N170 amplitudes between stimulus conditions (FF – FH) which significantly 

differed between groups in the 0D condition only
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Source Modeling
Within the time window of 130 and 180 ms post-stimulus, grand averaged 
source estimations for visual conditions revealed one bilateral posterior and 
one bilateral anterior source pair, in both control and PDD groups. Mean 
Talairach coordinates of the posterior source pair were -21x -97y -14z in the 
control group, and -25x -95y -16z in the PDD group, both corresponding to the 
visual cortex (V2). Coordinates of the anterior source pair were -50x -39y 13z in 
the control group, and -52x -37y 12z in the PDD group, both corresponding to 
the superior temporal gyrus. Auditory stimulus conditions revealed one single 
bilateral dipole pair of which mean Talairach coordinates were -42x -33y 26z in 
the control group, and -39x -33y 26z in the PDD group, both corresponding to 
the inferior parietal lobe. 

In the 0D condition, inclusion of a single dipole to the (fixed) sources for 
unimodal visual and auditory presentations, resulted in a RV < 5% in both 
groups. Mean Talairach coordinates of this single dipole solution were 4x 24y 
38z in the control group (residual variance = 3.3%), and -3x 21y 41z in the PDD 
group (residual variance = 2.3%), both corresponding to anterior cingulate 
cortex, Brodmann area 32 (Figure 5).

Figure 5 Source localizations to visual, auditory, and audiovisual (0D only) conditions in the control group (left) 

and PDD group (right). Visual stimuli elicited a double bilateral dipole pair and auditory stimuli a single bilateral 

dipole pair in both groups. In the 0D condition these dipoles and an additional single dipole solution were 

observed in both groups, corresponding to the anterior cingulate cortex
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Discussion
In the present study ERP effects of attention on multisensory processing of 
emotional stimuli were measured in healthy individuals and individuals 
with PDD. The task included happy and fearful face-voice combinations, and 
participants were either instructed to divide attention between auditory and 
visual stimuli or were mildly or heavily distracted from the emotion eliciting 
event, by focusing on an additional visual arithmetic task. Two separate ERP 
effects were investigated. In the first place, we were interested in low-level 
influences of attention on MSI, by comparing both unimodal conditions with 
the bimodal condition. This method of analysis can be used as an indicator of 
low-level MSI, as it merely shows the degree in which the visual and auditory 
parts of the stimulus are combined, regardless of its content (Stekelenburg & 
Vroomen, 2007). AV stimuli resulted in reduced visual (N170) and auditory (P2) 
ERP amplitudes when compared with the same stimuli presented in isolation. 
This phenomenon has previously been observed in typically developing 
individuals using AV speech signals, and is thought to indicate that the presence 
of crossmodal information facilitates unimodal processing at this early level of 
processing (van Wassenhove et al., 2005). This amplitude reduction was shown 
to be independent from emotional content, and was found most strongly 
when attention was directed towards both modalities. Less conclusive MSI 
effects were observed in the mild distracter condition, and in the condition 
in which participants were heavily distracted, no MSI effects were measured. 
Importantly, and in accordance with previous research on this topic (Magnée 
et al., 2008), this low-level crossmodal amplitude effect was similarly observed 
in healthy and PDD individuals.  Evidence of intact low-level MSI in PDD is 
accumulating, and it shows that observed impairments in behavior that rely 
on rapid integration of information, such as emotion and language, are not 
resulting from impairments in low-level MSI (van der Smagt et al., 2007).

In the second place, the difference in ERP activity to congruently and 
incongruently dubbed AV emotional information was used to measure higher-
order, emotion related integrative processes. The crossmodal congruency 
effect is interpreted as an indicator of higher-order MSI, as a mismatch between 
corresponding and non-corresponding emotional faces and voices can only 
be detected after recognition of the unisensory inputs and its functional 
integration. We found specific left N170 and frontal-central P2 amplitude 
increases only for the condition in which fearful faces were incongruently 
dubbed with happy voices. Modality specific visual and auditory processing 
areas were previously observed to be sensitive to crossmodal information 
(Calvert et al., 1999; Dolan et al., 2001). Thoughts are that the modulations 
in amplitude, which are also found in the present study, reflect enhanced 
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processing of the emotional event when emotional incongruency is detected, 
possibly provided by functional coupling of the amygdala to the visual and 
auditory cortical areas (Grandjean et al., 2005)..

In the control group the AV congruency effect was observed most clearly 
when visual and auditory stimuli were attended, and gradually attenuated 
when distraction load increased. In the condition in which participants were 
heavily distracted, no MSI effects were measured. In typically developing 
individuals, evidence from several studies has shown that MSI is modulated 
by task demands, both at the behavioral level (Mozolic et al., 2008), as well 
as the neurophysiological level (Talsma et al., 2007). Data from these studies 
demonstrated that MSI is shown most strongly when attention is divided 
between visual and auditory modalities. The present study is the first to show 
similar effects using complex facial and vocal expressions of happiness and 
fear. 

There were no differences between groups regarding (higher-order) 
congruency effects in auditory (P2) processing areas. Also, in the PDD group 
we found normal MSI in visual (N170) processing areas in the conditions in 
which attention was drawn to the visual modality only. These findings indicate 
that individuals with PDD are able to process multisensory emotional stimuli 
on lower as well as higher levels of processing. Previous studies investigating 
MSI of emotional signals in PDD showed conflicting evidence (e.g. Loveland et 
al., 1997; O’Conner, 2007). However, none of the previous multisensory studies 
on PDD thus far took into account the importance of external factors (such as 
the interplay with attention) in the extent in which crossmodal associations 
are made. In the present study, we observed abnormal MSI among PDD 
individuals on the N170 at left electrode positions, but only in the divided 
attention condition. In this condition a lack of differential activity between 
AV congruent and incongruent conditions was present in the PDD group. 
It should be noted that we did not find group differences on ERP responses 
to faces or voices presented in isolation. Therefore, the aberrant congruency 
effects could not be attributed to processing deficits in the single modalities. 
Importantly, this implies that in individuals with PDD anomalous processing of 
multisensory stimuli is related to attentional mechanisms. 

Attentional impairments are among the most consistently reported 
cognitive deficits in PDD, and have been implicated as a core deficit in this 
disorder (Allen & Courchesne, 2005). Major dysfunctions in attention are found 
in this group in tasks that require relatively complex information processes, 
and were previously observed in crossmodal divided attention tasks (Ciesielski 
et al., 1995). The present results are in line with research by Hoeksma and 
colleagues (2004), using a double task, in which the primary task was related 
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to the auditory modality, while visual distracters were shown. In typically 
developing individuals a capacity tradeoff was shown when attention was 
drawn from the auditory to the visual stimulus. In PDD individuals, however, 
this effect was not observed, which suggests that PDD individuals may have 
difficulties with the distribution of attention across modalities.

Several imaging studies have shown that emotion as well as attention 
can modulate perceptual processing, as indexed by, for instance, the visual 
N170 and auditory P2, although both rely on different neurobiological sources 
(Vuilleumier & Driver, 2007). Connections of amygdala with visual as well as 
auditory cortical areas seem important for emotional modulation of perception 
(Fecteau et al., 2007). On the other hand, top-down effects of attention on 
perceptual processing are mostly provided by a broad network of frontal-
parietal regions (Kastner & Ungerleider, 2001). More specifically, the ACC has 
previously been reported to play an important role in crossmodal divided 
attention (Loose et al., 2003), which has led van Atteveldt and colleagues 
(2007) to suggest that the increased activity for incongruent compared with 
congruent AV stimulation may in fact be a reflection of conflict detection 
of these stimuli. By using source estimations, we also found indications for 
involvement of the ACC in crossmodal divided attention in the present study. 
The lack of differential ERP activity between congruent and incongruent 
conditions in PDD individuals could indicate atypical crossmodal conflict 
detection under divided attention conditions. Importantly, impairments in 
ACC functioning have repeatedly been observed in PDD individuals (Haznedar 
et al., 1997; Vlamings et al., in press), and could possibly also account for the 
observed deficit in MSI in the crossmodal divided attention condition. 

Conclusion
Taken together, this is the first study to show intact multisensory integration 
of emotional signals in PDD individuals, both on perceptual, as well as higher-
cognitive levels. Disruptions in MSI were shown only when individuals with 
PDD were instructed to divide their attention between the visual and auditory 
modality and disappeared when their attention was drawn to the visual 
modality only. These results imply that atypical ERP responses to multisensory 
emotional stimuli in PDD are related to attentional mechanisms. We discuss 
these findings in terms of a possible involvement of the anterior cingulate 
cortex.
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Abstract
Background: There is growing consensus that basic perceptual abnormalities 
contribute to the clinical features of the Pervasive Developmental Disorders 
(PDD). Several of the older, as well as the most current theories suggested that 
multisensory integration (MSI) may be impaired in PDD individuals, although 
it remains unclear to what extent this may be caused by external influences, 
like environmental noise. Objective: The focus of the present study was on the 
influence of visual and auditory noise on the integration of emotional signals 
from faces and voices in PDD and typically developing individuals, using Event 
Related Potentials (ERPs). Method: ERPs were measured in 23 high-functioning, 
adult PDD individuals and age- and IQ-matched controls while they observed 
emotionally congruent and incongruent face-voice pairs. MSI was defined at 
low-level as well as higher-cognitive levels of processing while intelligibility of 
the signals was visually and auditory degraded by two levels of noise. Results: In 
both groups, low-level MSI was shown most strongly under mild levels of noise, 
although more vigorously in PDD individuals than in controls. Higher-cognitive 
MSI was similarly observed in both groups. Conclusions: PDD individuals are 
able to show appropriate multisensory responses to emotional signals on low-
level as well as higher-levels of perceptual processing. However, the presence of 
noise clearly influences MSI differently in PDD individuals, which may lead to a 
shift in the window of maximal multisensory integration under noisy conditions.  
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Introduction
Everyday life occurrences in the social environment produce stimulation to 
several sensory modalities simultaneously. Important in developing adaptive 
social behavior is the ability to quickly integrate these multiple sources of 
perceptual input, especially in conditions when information from one sensory 
channel is degraded. It is for instance known that watching a speaker’s lips can 
improve speech understanding under conditions of poor auditory intelligibility, 
as in noisy environments (Sumby & Pollack, 1954). 

Autism, which is the most severe of the Pervasive Developmental Disorders 
(PDD), is a behaviorally defined syndrome characterized by restrictions in 
reciprocal social interaction and communication, and by stereotyped, repetitive 
behaviors (American Psychiatric Association, 1994). Classical descriptions of 
autism include claims of atypical reactions to sensory information  and suggest 
that difficulties with multisensory integration (MSI) cause clinical symptoms, 
rather than that they arise from abnormalities in the different components 
(e.g. Bryson, 1970; Frankel, Simmons, Fichter, & Freeman, 1984; Lovaas & 
Schreibman, 1971; LeLord, Laffont, Jusseaume, & Stephant, 1973; Martineau 
et al., 1992; Waterhouse, Fein, & Modahl, 1996). Recently, however, we found 
evidence against a univocal integration deficit in PDD (Magnée et al., 2008). In 
this study we found deficits to be specifically related to higher order MSI, with 
intact low-level integration capabilities.

There is increasing knowledge about the neural mechanisms responsible 
for effecting MSI. Recent evidence shows that the efficacy of the stimulus used 
is important in explaining multisensory responses to low-level stimuli (Stanford 
et al., 2005). These results are in line with the principle of inverse effectiveness 
delineated by Meredith & Stein (1986), stating that multisensory responses 
are maximally enhanced under circumstances where the unisensory stimuli 
are least effective. At higher intensities, redundant information is provided by 
both unisensory inputs, and the need for MSI is lessened.

In contrast with a multitude of studies related to MSI of low-level stimuli, 
only a few studies thus far have investigated integration of higher-order stimuli, 
such as emotions from facial and vocal cues. Evidence from several studies now 
shows that emotional voices influence how facial expressions are perceived (de 
Gelder, Böcker, Tuomainen, Hensen, & Vroomen, 1999). Electrophysiological 
studies showed that this interaction takes place within 200 ms after presentation 
(Pourtois et al., 2000; 2002). MSI of emotional information is thought to be 
adaptive by reducing the influence of noise, and hereby enriching the percept. 
So far, however, no studies have investigated whether degrading emotional 
information also affects MSI of emotional stimuli. One might hypothesize that, 
in line with the principle of inverse effectiveness, MSI of emotional stimuli is 
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enhanced when unimodal stimulation is weakened. 
Concerning MSI of emotional information in PDD, the results displayed thus 

far are inconclusive. In a recent EMG study in which we tested the hypothesis 
that facial expression mimicry may be impaired in PDD, we demonstrated that 
the reflex-like emotional motor responses among PDD individuals are increased 
to facial expressions and intact to emotional face-voice pairs (Magnée et al., 
2007). On the contrary, measuring electrophysiological responses to happy 
and fearful face-voice combinations we found an atypical ERP modulation to 
fearful AV stimuli in the patient group. In the latter study, ERP responses to 
fearful face-voice combinations were among healthy individuals characterized 
by increased occipital-temporal amplitudes, which were noticed 200 ms after 
presentation of the stimulus. We were, however, not able to conclude whether 
a difference in this modulation in the PDD group indicated a deficit in MSI 
of emotional stimuli. Given the principle of inverse effectiveness the results 
might very well indicate that the patients process unimodal emotional stimuli 
at higher intensity, as a result of which the need for MSI is less. The present ERP 
study therefore used degraded auditory and visual emotional stimuli at various 
levels of signal-to-noise ratio (SNR) to unravel the ability for MSI of emotional 
cues among individuals with PDD.

In the present study two separate MSI effects were investigated. In the first 
place, by comparing both unimodal visual and auditory stimulus conditions 
to the bimodal condition (emotional face-voice combinations), we were 
able to measure the influence of visual emotional information on two early 
peaks in the auditory ERP, the N1 and P2, and vice versa, the influence of 
auditory emotional information on early visual ERP activity, the N170. In line 
with Stanford et al. (2005), we hypothesized that the efficacy of the stimulus 
dictates the magnitude of MSI. This means that differences in ERP activity to 
bimodal and unimodal conditions will be detected most strongly when stimuli 
are mildly degraded by noise. Using multiple levels of SNR allowed us the 
opportunity to see at which ratio optimal MSI occurred, and whether there 
was a difference in this respect with PDD individuals. 

In the second place, the difference in ERP activity to congruent and 
incongruent AV emotional information was used to measure higher-order 
integrative processes. Further, by comparing these conditions between separate 
noise levels, we investigated the influence of noise on higher-order MSI. In this 
comparison, three possible outcomes were explored in PDD individuals. i) PDD 
individuals show normal profiles of ERP activity to AV emotional information; ii) 
PDD individuals are disabled in combining AV emotional information, as none 
of the stimuli elicit increased responses; iii) PDD individuals show different MSI 
effects under conditions of noise, which might indicate that basic perceptual 
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processing difficulties in noise influence MSI abilities in PDD.

Methods

Participants
23 high functioning adult males with PDD (average age 22.7 years, SD 3.8; 
five left-handed) and 24 healthy adult males (average age 22.7, SD 1.9.; seven 
left-handed) participated in the study. All individuals were administered the 
Wechsler Adult Intelligence Scale, Dutch edition (WAIS-III-NL). Mean age and 
total IQ scores were similar for individuals with PDD (IQ 118.2, SD 10.8) and 
individuals from the control group (IQ 116.1, SD 10.6). All individuals were 
free of recent substance abuse, seizure disorders, neurological diseases, 
head trauma or mental retardation. Additionally, all individuals in the control 
group were free of neurological and psychiatric history, and familial history 
of psychiatric disorders. All diagnoses of PDD (either Autistic Disorder or 
Asperger Syndrome) were based on DSM-IV criteria and were made by a 
child psychiatrist. Additionally, all patients were administered the Autism 
Diagnostic Observation Schedule (ADOS; Lord et al., 1989) by a trained rater, 
and their parents were informants on the Autism Diagnostic Interview Revised 
(ADI-R; Lord et al., 1994). Mean ADOS scores were 5.9 (SD 3.4) for the subscale 
‘Communication’ (cut-off score 2), and 10.0 (SD 5.0) for ‘Social behavior’ (cut-off 
score 4). Mean ADI scores were 15.9 (SD 4.1) for ‘Social behavior’ (cut-off score 
10), 19.5 (SD 6) for ‘Communication’ (cut-off score 8), 5.4 (SD 2.1) for ‘Repetitive 
behaviors’ (cut-off score 3), and 3.3 (SD 1.7) for ‘Age of onset’ (cut-off score 1). 
All participants had normal or corrected to normal vision. They were all paid for 
their participation. Written informed consent was obtained for each participant 
before the session, according to the Declaration of Helsinki (2000). Approval of 
the medical ethics committee of the University Medical Center Utrecht was 
obtained prior to the study.

Stimuli and Procedure
Visual stimuli consisted of happy and fearful faces (equally matched between 
male and female pictures) taken from the Karolinska Directed Emotional Faces 
set (Lundqvist, Flykt, & Öhman, 1998). Auditory stimuli consisted of short 
non-prosodic expressions of happiness and fear. In a pilot study in which 
four auditory emotions were validated, auditory stimuli were presented to 12 
volunteers, none of whom participated in the experiment. Based on recognition 
rates (mean recognition rate 95% correct) 12 auditory stimuli were selected 
(six happy, six fearful). Each visual stimulus was combined with an auditory 
fragment in order to construct AV stimulus pairs with either a congruent or an 
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incongruent affective content. Each AV stimulus pair was derived from actors 
of the same sex and the same actors participated in the happy and fearful 
stimulus combinations. Size of the face pictures was 19 cm height by 13 cm 
width, which at the mean viewing distance of 80 cm corresponds to a visual 
angle of 13.5º * 9.2º. The auditory stimuli were presented binaurally through 
stereo insert earphones (Eartone ABR) at a level of 83 dB(a). Mean levels for 
sound and luminance were equal across both happy and fearful stimuli.

Two levels of noise were used in the study; high levels of auditory noise 
were created by dubbing the auditory stimuli with pink (1/f ) noise at equal 
levels of 80 dB(a). Low levels of noise consisted of 82 dB(a) auditory stimuli 
mixed with 79 dB(a) pink noise. Both auditory noise levels resulted in stimulus 
combinations with a total auditory level of 83 dB(a). The principle we used for 
adding ‘visual noise’ to the face pictures can be found in Reinders et al. (2005). 
In short, degradation was obtained by adding noise to the phase spectrum 
of the two dimensional Fourier transforms of a picture. The inverse Fourier 
transform then shows the picture covered with clouds, and the picture is 
all the more hidden when more noise is added. An artificially constructed 
amplitude spectrum thereby determines the brightness and the contrast of 
the reconstruction. In the study by Reinders and colleagues, a prescription was 
given for adding a precise amount of random noise to the phase part of the 
Fourier transform. Using this technique, we were able to visually degrade the 
faces in 80 steps from fully recognizable to an unrecognizable sort of cloudy 
structure. By using exactly the same (artificially created) amplitude spectrum 
for each reconstructed noisy picture, equal overall luminance and contrast 
was assured across all pictures. Based on a pilot ERP study, we selected one 
‘high’ and one ‘low’ level of visual noise (out of the 80 visual noise levels) which 
showed clearest differential multisensory effects (Figure 1). Subsequently, low 
levels of visual noise were linked with low levels of auditory noise, and high 
levels of visual noise were linked with high levels of auditory noise, resulting 
in three AV noise combinations; no noise (0N), low noise (1N), and high noise 
(2N).
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Figure 1 Visual stimuli used in the no noise (0N), low noise (1N), and high noise (2N) conditions

Audiovisual, auditory (A) and visual (V) trials were presented in separate 
blocks. V and A blocks consisted of 80 repetitions of happy and fearful stimuli, 
which were randomly intermixed with two levels of noise. This resulted in 
a total of 480 stimulus repetitions for each unimodal condition. AV blocks 
consisted of four stimulus categories: congruent audiovisual happy (Hh), 
congruent audiovisual fear (Ff ), incongruent visual fear-auditory happy (Fh) 
and incongruent visual happy-auditory fear (Hf ). All stimulus categories were 
visually as well as auditory degraded by two levels of noise. Each stimulus 
combination was presented 80 times, resulting in a total of 960 stimulus 
repetitions. Visual stimulus duration was 200 ms followed by a grey screen 
which was presented for 300 ms; auditory stimulus duration was 500 ms. 
Visual and auditory stimuli were presented concurrently. Intertrial interval was 
chosen randomly between 600 – 1400 ms, during which a central fixation cross 
was presented on screen. Catch trials were included in 10 % of all blocks in 
order to control for attention. In V blocks, a small white dot was positioned on 
the nose of the face during 85 ms. In A blocks, a short 1000-Hz tone (83 dB(a); 
fade-in and fade-out of 10 ms respectively) was presented together with the A 
stimulus during 50 ms in 10 % of the stimuli (auditory catch trials). In AV blocks 
both catches occurred one by one, and participants had to attend both. They 
were instructed to push a designated button every time a catch trial occurred. 
All catch trials were excluded from further analyses. 

Recordings
EEG’s were recorded from 64 locations using standard Ag/AgCl pin-type active 
electrodes (BIOSEMI, Amsterdam, the Netherlands) mounted in an elastic cap, 
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referenced to an additional active electrode (Common Mode Sense) during 
recording. EEG signals were band-pass filtered (1–30 Hz) at a sample rate of 
2048 Hz and offline referenced to an average reference. Horizontal and vertical 
EOG’s were measured for offline correction.   

The raw data were segmented into epochs for visual, auditory, and AV 
categories separately. All categories consisted of 1000-ms epochs, including 
a 100-ms pre-stimulus baseline. After EOG correction, epochs with amplitudes 
exceeding ± 100 µV at any channel were automatically rejected. Lowest allowed 
activity was 3 µV/ 200 ms, and the maximal allowed voltage step per sampling 
point was 50 µV. ERPs were averaged separately for all stimulus categories.

Data analyses
Peak latencies and amplitudes of auditory ERP components were measured at 
frontal-central electrodes (FC1, FC2, FCz). N1 and P2 latencies and amplitudes 
were determined as the mean of the individual peaks over the three electrodes; 
N1 as maximal negative peak in the time window 70 – 150 ms after auditory 
onset, P2 as maximal positive peak in the time window 150 – 230 ms after 
auditory onset, for V, A, and AV conditions. Peak latencies and amplitudes of 
visual N170 were measured at bilateral occipital-temporal electrodes (P7, P8), 
in the time window 130 – 210 ms. Three types of analyses were done to test 
the effects of noise on, respectively, unimodal emotion processing, low-level 
integration, and higher order integration related to AV congruency.

1. Using a multivariate analysis of variance (MANOVA) procedure for 
repeated measures, we first tested whether (bilateral) N170 peaks 
and latencies differed between happy and fearful faces, and whether 
this effect changed with level of visual noise and between groups. For 
this comparison, MANOVA analysis consisted of the between-subjects 
factor Group (PDD vs. control group), and the within-subjects factors 
Hemisphere (left vs. right), Emotion (happy vs. fear), and Noise (no 
noise “0N”, low noise “1N”, high noise “2N”). Mean (central) N1 and P2 
peaks and latencies to happy and fearful voices were analyzed using 
the between-subjects factor Group, and the within-subjects factors 
Emotion and Noise. 

2. N170, N1 and P2 latencies and amplitudes in response to bimodal 
stimuli (AV) were compared to the sum of ERP signals obtained in 
unimodal conditions (A + V). This method has been used by Giard 
& Peronnet (1999) for determining whether AV responses could be 
merely accounted for by adding auditory and visual evoked potentials. 
N1 and P2 analyses consisted of the between-subjects factor Group 
(PDD vs. control group) and the within-subjects factors Presentation 
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(AV vs. A + V), Emotion (happy vs. fearful), and Noise (0N, 1N, and 2N). 
N170 analysis included an extra within-subjects factor Hemisphere 
(left vs. right).

3. Finally, we used the AV congruent and incongruent conditions for 
measuring crossmodal (higher-order) congruency effects. These were 
tested using the within-subjects factors Emotion (happy vs. fearful), 
Congruency (congruent vs. incongruent), and Noise (0N, 1N, and 
2N). Besides analyzing N170, N1, and P2 amplitudes and latencies, 
congruency effects were also measured as mean differences in activity 
between congruent and incongruent conditions for subsequent 20-
ms time-windows at three frontal central electrodes (FC1, FC2, FCz) 
starting from 200 ms post-stimulus.

Results

Behavioral data
On behavioral measures independent-Samples T tests revealed no Group 
differences in number of errors on catch trials in neither visual (mean amount 
of false-positives and false-negatives by controls and PDD 1.3), nor auditory 
conditions (controls 0.5 vs. PDD 1.2). In the bimodal condition, however, PDD 
individuals made significantly more errors (false-positives and false-negatives) 
than controls, with a mean amount of 5.6 errors for PDD individuals, compared 
with a mean of 2.2 errors for controls, t(45) = -2.1, p < 0.05. 

Electrophysiological data to unimodal conditions
P2 amplitudes to happy and fearful voices were significantly altered by noise 
levels, F(2,44) = 7.56, p < 0.01, meaning that peaks were smallest in 0N (2.4 µV), 
and were larger with increasing amount of noise (1N = 2.8 µV, 2N = 2.9 µV). 
Further, a significant Noise x Emotion interaction was found, F(2,44) = 7.56, p < 
0.01. Testing this effect for all Noise levels separately, revealed significant larger 
P2 amplitudes to happy voices (2.6 µV), compared to fearful voices (2.3 µV) in 
0N only, F(2,44) = 8.81, p < 0.01. No emotion effects were found for other noise 
conditions. Neither significant Group interactions nor P2 latency effects were 
found. No significant effects were observed on N1 amplitudes and latencies.

N170 amplitudes to happy and fearful faces were also significantly altered 
by noise levels, F(2,44) = 12.0, p < 0.001, meaning that peaks were largest in 
0N (-2.1 µV), and attenuated with amount of noise (1N = -1.7 µV; 2N = -1.4 
µV). Neither Group interactions, nor Emotion or Hemispheric differences were 
found on N170 peaks. N170 latencies were found to increase with level of Noise, 
F(2,44) = 42.4, p < 0.001, and a significant Noise x Emotion interaction was 
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found, F(2,44) = 4.0, p < 0.05. Decomposing this effect in the specific effects of 
Emotion on N170 latencies for all Noise levels separately, revealed no effects 
in neither 0N nor 2N conditions. Only in the 1N condition, N170 latencies were 
higher for fearful faces (164 ms) compared to happy faces (159 ms), F(2,44) = 
7.69, p < 0.01, with no Group interaction effects.

Electrophysiological data to bimodal (AV) compared with unimodal (A+V) 
conditions
Integration effects measured by the differences between AV and (A + V) 
conditions did not reveal significant effects of Presentation on N1 peaks. On 
P2 amplitudes, we found a significant effect of Presentation, F(1,45) = 7.77, p 
< 0.01, with A + V conditions having larger amplitudes (3.6 µV, SE 0.2) than 
the combined AV condition (3.2 µV, SE 0.2). This effect did significantly differ 
between Groups (Presentation x Group interaction), F(1,45) = 6.52, p < 0.05, 
and also between the three Noise levels, F(2,44) = 13.22, p < 0.001. Post hoc 
analyses for Noise levels separately, revealed no significant Presentation 
effects in the 0N condition (both 3.6 µV). In the 1N condition clear Presentation 
effects were found, F(1,45) = 26.3, p < 0.001, which also significantly differed 
between Groups, F(1,45) = 5.4, p < 0.05. Surprisingly, effects of Presentation 
were significantly larger in the PDD group (4.1 µV vs. 2.7 µV), F(1,22) = 21.9, 
p < 0.001, than the control group (3.3 µV vs. 2.8 µV), F(1,23) = 5.2, p < 0.05. 
No Presentation effects were found in the 2N condition (3.5 µV vs. 3.4 µV). No 
significant Emotion interactions were found (Figure 2).

For P2 latencies we found a significant Presentation x Noise interaction, 
F(2,44) = 34.6, p < 0.001. Post hoc analyses for all three noise levels separately, 
revealed in the 0N condition shorter latencies for AV presentation (155 ms), 
compared with (A+V) presentation (160 ms), F(2,44) = 10.7, p < 0.01. In the 1N 
condition, however, this effect was opposite, with shorter latencies for (A+V) 
presentation (158 ms), compared with AV presentation (160 ms), F(2,44) = 
4.82, p < 0.05. In the 2N condition, shorter latencies were again found for AV 
presentation (156 ms), compared with (A+V) presentation (166 ms), F(2,44) = 
55.8, p < 0.001. No Group interaction effects were found on P2 latencies.    
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Figure 2 Frontal-central P2 amplitudes to AV and (A+V) stimuli in the 0N, 1N, and 2N conditions in the control 

group and PDD group. The lower two figures show calculated differences (±SE) on P2 amplitudes (left) and 

latencies (right) between stimulus conditions “(A+V) – AV” for both groups. A significantly larger MSI effect is 

observed in the 1N condition for PDD individuals than control individuals 

On visual processing areas (the N170 peak), we also found a significant 
Presentation effect, F(1,45) = 20.6, p < 0.001, with A + V conditions having 
larger amplitudes  (-3.6 µV, SE 0.2) than the combined AV condition (-3.0 µV, 
SE 0.2), which interacted with level of noise, F(2,44) = 19.9, p < 0.001. Neither 
Group interactions, hemispheric nor emotion differences were found. Post 

 µV 

2

4

-4

-6

0

-2

 µV 

2

4

-4

-6

0

-2

0 400200 0 400 200 0 400 ms200

0N 2NIN 0N 2NIN

AMPLITUDE LATENCY

 µV 

1,5

-0,5

0
ms

-5

-10

0
0,5

1,0

15

5

10

0N 2NIN

A+V
AV

PDD group

control group

PDD group
control group



122 M. J. C. M. Magnée - Do you see what I am saying?

hoc analyses revealed marginally significant Presentation effects in the 0N 
condition, (-3.8 µV vs. 2.7 µV), F(1,45) = 3.7, p < 0.1, and significant effects in 
the 1N condition, (-3.7 µV vs. -2.4 µV), F(1,45) = 70.6, p < 0.001, without Group 
interactions. No effects were found in the 2N condition. 

For N170 latencies, a significant Presentation x Noise interaction was found, 
F(2,44) = 24.3, p < 0.001. Post hoc analyses for all three noise levels separately, 
revealed in the 0N condition shorter latencies for AV presentation (151 ms), 
compared with (A+V) presentation (154 ms), F(2,44) = 5.57, p < 0.05. Again, 
this effect was opposite in the 1N condition, with shorter latencies for (A+V) 
presentation (160 ms), than for AV presentation (168 ms), F(2,44) = 20.8, p < 
0.001. In the 2N condition, shorter latencies were found for AV presentation 
(159 ms), than for (A+V) presentation (168 ms), F(2,44) = 22.1, p < 0.001. No 
Group interaction effects were found on N170 latencies (Figure 3).

Figure 3 Calculated differences (±SE) on N170 amplitudes (left) and latencies (right) between stimulus conditions 

“(A+V) – AV” for both groups. The strongest MSI effects are observed in the 1N condition, without group interaction 

effects 

Electrophysiological data to congruent and incongruent AV conditions
Integration effects measured by the difference in ERPs between AV congruent 
and incongruent conditions did not reach significance on N1, P2, nor N170 
peaks. In the four consecutive 20-ms time-windows between 220 and 300 
ms on frontal-central electrodes, we, however, did find a significant Emotion 
x Congruency x Noise interaction. Specifically, regarding these four time 
windows statistical values varied between F(2,45) = 3.36, p < 0.05, and F(2,45) 
= 8.06, p < 0.01. When this effect was tested in these time windows for noise 
levels separately, Emotion x Congruency was significant for the 0N condition 
only, with statistical values varying between F(1,46) = 6.01, p < 0.05, and F(1,46) 
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= 14.91, p < 0.001. Further decomposing this effect in emotion effects for 
both visual combinations separately, we tested Ff versus Fh and Hh versus Hf. 
Analyses of fearful visual combinations revealed clear negative-going ERPs for 
the Fh condition compared to the Ff condition, with statistical values between 
F(1,46) = 14.3, p < 0.001, and F(1,46) = 15.7, p < 0.001 in these similar time 
windows (Figure 4). No significant Group interactions were found, and no 
effects were observed for happy visual combinations.

Figure 4 Frontal-central activities to FH (fearful face-happy voice) and FF (fearful face-fearful voice) conditions in 

both groups show significant differences in 0N condition at 220 ms in both groups 

Discussion
In the present study the effects of visual and auditory noise on multisensory 
processing of emotional signals were measured in healthy individuals and 
individuals with PDD. Two separate multisensory ERP effects were investigated. 
In the first place, we were interested in stimulus related integration effects 
of noise on visual and auditory ERP activity, by comparing both unimodal 
conditions with the bimodal condition in various levels of visual and auditory 
noise. AV stimuli elicited reduced visual (N170) and auditory (P2) ERP 
amplitudes when compared with the same stimuli presented in isolation, but 
only in conditions where stimuli were degraded by mild levels of visual and 
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auditory noise. This amplitude reduction was independent from emotional 
content, and was on P2 amplitudes observed more vigorously in PDD than in 
healthy individuals. A difference in this integration effect between healthy and 
PDD individuals seemed not to be due to differences in unimodal processing, 
as we did not find any group differences on visual as well as auditory ERP 
components to faces and voices presented in isolation.

In the second place, the difference in ERP activity to congruently and 
incongruently dubbed AV emotional information was used to measure 
higher-order integrative processes. In the time-window between 220-300 ms 
poststimulus, we found larger negative frontal ERP activity for incongruently 
dubbed fearful faces-happy voices compared with AV fearful face-voice pairs. 
This AV congruency effect was found only in the no noise condition and was 
similarly observed in healthy and PDD individuals. In line with other recent 
research on this topic, we can conclude that individuals with PDD are able to 
process multisensory emotional stimuli on lower as well as higher levels of 
processing (Magnée et al., in preparation). However, external factors such as 
environmental noise clearly influence multisensory integration and seem to 
influence the process differently in individuals with PDD.

Previous research has shown that MSI is most likely to manifest itself in 
situations where visual or auditory signals are degraded by noise (Meredith & 
Stein, 1986). MSI of emotional information is thought to reduce the influence of 
noise, and one might therefore expect this kind of integration to predominate 
under noisy conditions. In the present study, low-level stimulus driven MSI was 
found to be strongest in intermediate SNRs, similar to studies investigating 
multisensory speech processing in noise (Ross et al., 2006). Higher order 
integration, on the other hand, was only found in conditions in which no noise 
was present. Presumably, the emotional content depicted in the stimuli could 
not be sufficiently identified under noisy conditions.

A rather surprising finding in the light of previous research (McPartland 
et al., 2004), was that PDD individuals in this study did not show aberrant ERP 
responses to unimodal stimuli. On the other hand, the data did show more 
vigorous low-level MSI in PDD individuals than controls in intermediate noise 
conditions. According to the principle of inverse effectiveness (Meredith & 
Stein, 1986), maximal MSI occurs under circumstances where unimodal stimuli 
are least effective in evoking responses. That is, weak unimodal input can be 
compensated for by input from another sensory system. In the case of the 
present study, more vigorous MSI in PDD individuals under noisy conditions 
could therefore be interpreted as a functional compensation for impairments 
in detecting unimodal expressions in noise. However, this interpretation does 
not appear to be consistent with the lack of group differences on unimodal 
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ERPs. Increased MSI in intermediate noise conditions could, however, also 
mean that PDD individuals are less influenced by crossmodal noise. According 
to this interpretation, PDD individuals still show MSI effects under those noise 
conditions in which typically developing individuals are already overloaded by 
the amount of noise. 

There is growing consensus that perceptual processing difficulties are 
characteristic of PDD, and these can clearly contribute to the impairments 
seen in social interaction (Dakin & Frith, 2005). Most research has focused 
on anomalous visual perceptual patterns in PDD, although impairments 
may extend beyond the visual modality (Behrmann et al., 2006). Difficulties 
in detecting auditory information under noisy conditions in PDD individuals 
have been shown by Alcántara and colleagues (2004), who found higher 
speech reception thresholds in high-functioning PDD adults compared with 
typically developing individuals. Using a visual signal detection task, Sanchez-
Marin & Padilla-Medina (2008) found impaired performance under visual 
noise conditions in a group of children with PDD. On the other hand, however, 
superior performances in PDD individuals on visual (Shah & Frith, 1983) as 
well as auditory (Bonnel et al., 2003) tasks have repeatedly been observed. 
Although the precise direction of the effect in PDD is unknown, results from 
the present study indeed seem to indicate that atypical perceptual processing 
mechanisms cause a shift in the ‘window of maximal multisensory integration’ 
under noisy conditions. Future studies should incorporate more noise levels in 
order to get a notion of the direction the effects.

Additionally, we focused on the congruency effect to determine MSI 
in PDD individuals. The crossmodal congruency effect is interpreted as an 
indicator of higher-order MSI, as a mismatch between corresponding and 
non-corresponding emotional faces and voices can only be detected after 
recognition of the unisensory inputs and its functional integration. Note that 
congruent and incongruent stimuli consisted of the same acoustic and visual 
components. Differences in ERP responses to these stimuli are, therefore, 
indisputable evidence of intact higher-order MSI in PDD individuals. The finding 
of intact higher-order integration in PDD individuals related to AV congruency 
is in line with a recent study in which we found that aberrant ERP responses 
to multisensory emotional signals were related to attentional mechanisms 
in PDD individuals (Magnée et al., in preparation). In both the previous and 
present studies, behavioral results among PDD individuals showed more errors 
than controls in tasks where both vision and audition had to be attended. In 
contrast with the previous ERP study, however, this effect was not translated 
into aberrant ERPs in conditions in which divided attention was asked. Possibly, 
the longer stimulus duration, in comparison with the previous study, may have 
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positively influenced attentional mechanisms in PDD, hereby inducing normal 
ERP responses also in the divided attention task.

Conclusion
This is the first study to show the influence of environmental noise on multi-
sensory processing in PDD individuals. External factors like environmental noise, 
but also attention mechanisms, may in fact turn out to be crucial in explaining 
MSI abilities in PDD. The present study clearly shows that multisensory 
processing of emotional signals in PDD is intact under the appropriate 
circumstances, and even enhanced under conditions of mild noise. The 
presence of noise clearly influences MSI differently in PDD individuals, leading 
to a possible shift in the window of maximal multisensory integration under 
noisy conditions. Incorporating more noise levels could, in future studies, give 
more insight into the exact direction of these effects.
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Chapter 9
Summary and Discussion
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General aims of the thesis
The central research aim in the present thesis was to increase our understanding 
of multisensory processing abilities in PDD individuals, and investigate how 
possible impairments might be related to clinical features of the disorder. 
Impairments in sensory perception have repeatedly been associated with 
PDD, and might ultimately result in impairments of social communication. 
An important aspect of everyday social processing is that signals arrive from 
different modalities at the same time. Integration across sensory systems plays 
an essential role in communication, especially during face-to-face interactions. 
We can, for instance, hear a laughing face and see what someone is saying. Given 
the impairments in those domains of communication in which crossmodal 
associations are particularly important (e.g., emotions and speech), there is 
good reason to hypothesize that multisensory processing will be especially 
impaired in individuals with PDD. The list of studies that have systematically 
investigated the issue of multisensory processing in PDD is short (for review, 
see Iarocci & McDonald, 2006), and it remains unclear in what way impairments 
in everyday communication may result from abnormal ‘bottom-up’ unisensory 
or multisensory processing, or from inappropriate ‘top-down’ attentional 
processes. 

Therefore, in the present dissertation thesis different factors that may 
explain how possible abnormalities in multisensory perception may relate to 
some characteristic features of PDD were investigated. In the first place, chapters 
two and three provide a short overview of our facial EMG findings, both in 
typically developing and PDD individuals. Secondly, a thorough description 
is given of the ERP measurements of MSI, using simple, low-level, stimuli, 
and relatively complex stimuli such as facial expressions and vocalizations. 
At last, the influence of different kinds of external binding factors, that are 
known to play a role in MSI, will be discussed. These include the influence of 
environmental noise and attention, and how these might relate to PDD. 
 
Facial muscle activity as the link between emotion and behavior
Our knowledge about deficient social communication in PDD might be 
increased by recent insights in the functional role of motor behavior in the 
processing of emotional stimuli. It is, for instance, known from EMG studies 
that viewing facial expressions generates subtle changes in an observer’s facial 
muscle activity (Dimberg, 1982). Older EMG studies have, however, shown that 
this facial muscle reaction is also observed in response to auditory stimuli (e.g., 
Hietanen et al., 1998). 

In Chapter 2 we investigated whether the facial EMG reaction is driven by 
automatic mimicry or by recognition of the emotion displayed, by measuring 
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facial EMG responses in typically developing individuals to emotional 
expressions from faces, face-voice combinations, and whole bodies. Our goal 
was to investigate whether perceived emotions in all stimulus categories evoke 
facial muscle activity in accordance with the emotion displayed. This would 
suggest that the emotional content within the stimulus triggers emotional 
motor behavior in the observer, and that this reaction is therefore not strictly 
based on mimicry of the stimulus. In our study, fearful faces, bodies and 
emotion-congruent fearful AV pairs increased corrugator activity, and happy 
faces, bodies and emotion-congruent happy AV pairs increased zygomaticus 
activity in the observer. The similarity in responding to emotions from different 
kinds of stimuli and modalities argues in favor of the view that emotions 
processed through face, voice and body trigger an emotion reaction in the 
observer which is based on direct activation of an emotion motor program, 
and not on imitation, as suggested by mirror neuron theorists (Gallese et al., 
2004). 

The discovery of mirror neurons in humans has recently revived the debate 
on the role of motor structures in emotion perception and has led to the 
suggestion that the ‘mirror neuron system’ (MNS) plays a fundamental role in 
social cognition (Gallese et al., 2004). Mirror neurons are a group of neurons, 
originally identified in the premotor cortex (area F5) of the macaque, that 
discharge during action execution as well as when these same actions are 
observed in others (Rizzolatti et al., 1996). Functional neuroimaging provides 
evidence for the presence of a MNS in humans, consisting of a network of 
brain areas involving the ventral premotor cortex area F5 and parietal area 
7b (Rizzolatti et al, 2001). Recent speculations hypothesize that similar ‘mirror 
matching mechanisms’ may also be active during higher order cognitive 
processes, such as theory of mind (Gallese & Goldman, 1998), language 
(Rizzolatti & Arbib, 1998) and empathy (Gallese, 2003). Based on the present 
evidence, however, we suggest that imitation is not the crucial part in evoking 
an emotional facial muscle response. A growing amount of evidence points 
towards the involvement of the amygdala as a brain structure that is particularly 
involved in this process (de Gelder, 2006).   

Also, since the same EMG reactivity is found in response to facial and vocal 
expressions, it is possible to measure what the voice contributes to the motor 
response when combined with the face. In this sense, facial EMG can be used 
as a measure for multisensory integration. The response may furthermore be 
elicited unconsciously, as similar responses are found for normal presentation 
and when the expression is masked by a neutral face presented immediately 
after the expressive face (Dimberg et al., 2000). EMG responses are even 
observed when the observer is asked to deliberately inhibit facial movements 
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(Dimberg et al., 2002). These characteristics make facial EMG responses 
insensitive to compensation strategies, and, therefore, highly suitable for 
measuring emotion processing in PDD. 

Emotional facial muscle activity in PDD individuals
In Chapter 3 we investigated facial EMG responses in healthy and PDD 
individuals to emotional expressions in faces and face-voice combinations. 
With regard to EMG responses to happy and fearful faces, we, surprisingly, 
found larger emotion-congruent facial muscle activity in the PDD group 
than in the control group. With regard to AV stimulus conditions, there were 
similar emotion-congruent EMG responses observed in both groups. This was 
reflected by increased corrugator activity to congruent fearful face-voice pairs 
and increased zygomatic muscle activity to congruent happy face-voice pairs, 
both in comparison with emotionally incongruent face-voice pairs. Together, 
these results can be interpreted as an elevated physiological responsiveness in 
PDD individuals to the presentation of facial stimuli, but normal AV integration 
at the level of reflex-like emotional responses. In line with the evidence we 
presented in chapter 2, this would suggest that (emotional) faces trigger 
heightened emotional motor behavior in PDD individuals, which is based on 
the emotion depicted in the stimulus, and not on imitation. In order to control 
for this elevated response to human faces, PDD individuals possibly develop a 
kind of homeostasis-driven behavior, such as the typical gaze avoidance. Given 
that this kind of emotional behavior can occur without conscious recognition, 
it has been hypothesized that these EMG effects are realized without in depth 
processing by higher cognitive or cortical systems (de Gelder, 2006). The 
presumed compensation behaviors may, therefore, also be triggered without 
conscious awareness. 

Based on the present EMG findings, we cannot conclude how these 
results relate to activity in cortical brain areas. The ERP technique provides a 
way to directly measure cortical brain responses to several kinds of external 
and internal stimuli. Considering that MSI is a multi-phased process that can 
influence various levels of perceptual processing, varying between low-level 
sensory-driven effects and higher-order cognitive evaluations, it is important 
to unravel the different multisensory binding factors. Stimulus-related 
binding factors include temporal and spatial correspondence, but also shared 
information content. For simple, low-level stimuli, such as beeps and flashes, 
correspondence in time and space are the key factors, whereas for higher-
order stimuli, such as emotions and speech, information content may be the 
critical factor. One must be aware of these different kinds of binding factors to 
achieve a comprehensive understanding of MSI abilities in PDD individuals.     
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Cortical measures of multisensory processing: low-level associations
In Chapter 4 we investigated low-level MSI in PDD individuals, individuals with 
schizophrenia, and healthy controls. Low-level MSI was measured using the 
crossmodal P50 suppression paradigm. In this paradigm, a visual pre-pulse 
(dot of white light) is followed by an auditory stimulus (white noise burst) 
within 500 ms. ERP responses around 50 ms poststimulus are typically smaller 
to the auditory stimulus if this is preceded by a visual pre-pulse compared to 
the response to an auditory stimulus presented without pre-pulse, indicating 
an inhibition process known as crossmodal sensory gating. The crossmodal 
gating paradigm provides large potential for studying low-level MSI as it might 
give crucial information regarding rapid, perceptually driven aspects of AV 
integration. 

In this study, PDD individuals were compared with healthy controls as well 
as with schizophrenia individuals, since sensory integration deficits may also 
be present in this disorder. Importantly, atypical crossmodal suppression was 
only found in the schizophrenia group. These results imply that individuals 
with schizophrenia have difficulties with filtering and integrating of low-
level audiovisual information. As such, the cognitive impairments seen in 
schizophrenia may also be due to deficits in early crossmodal processing. On 
the other hand, the impairments associated with PDD seem to encompass 
deficits in higher order aspects of cognition, with intact low-level MSI. Also, we 
propose that the implicated functional connectivity between the concerning 
visual and auditory processing areas is intact in individuals with PDD. 

Also, the crossmodal gating paradigm provides us the opportunity to 
hypothesize about rapid crossmodal associations between visual and auditory 
processing areas, or, in other words, to test the functional connectivity between 
these specific brain areas. Schizophrenia and PDD are both described in the 
literature as possible disconnection syndromes (Friston, 1999; Just et al., 2004), 
and recent evidence indicates that (low-level) multisensory responses might 
be realized through direct connections between primary auditory and visual 
cortical areas (Macaluso & Driver, 2005). Evidence from the present study, 
therefore, provides important evidence against a general disconnection in 
PDD. Furthermore, the crossmodal suppression paradigm provides an objective 
measure in which PDD and schizophrenia individuals can be distinguished, 
although results can be interpreted on group level only. In line with previous 
research on this topic (van der Smagt et al., 2007), the data described in this 
chapter clearly show that low-level MSI is intact in high-functioning PDD 
individuals. The observed deficits in social behavior that depend on MSI, such 
as emotion and language processing, are therefore not likely to be the result 
of anomalies in low-level MSI.
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Do you see what I am saying? Multisensory processing of speech
An important issue when studying MSI is the fact that naturalistic multisensory 
situations cannot be fully understood by using low-level stimulus combinations 
only. More ecological valid stimuli, such as human speech, are needed to test to 
what extent the content depicted in the multisensory stimuli may play a role in 
higher-order MSI. Therefore, in Chapter 5 we investigated MSI of speech stimuli 
in PDD individuals and age- and IQ matched controls using EEG, measuring 
both early pre-phonological, as well as late phonologically driven integration. 
By comparing both unimodal stimulus conditions to the bimodal condition, 
we were able to measure the influence of visual speech on early peaks in the 
auditory ERP, indicating low-level integration. Higher-order MSI was measured 
by calculating the difference in ERP activity to congruent and incongruent 
AV speech. With regard to low-level MSI, we found reduced amplitudes 
and temporal facilitation in early auditory ERPs to AV speech compared to 
responses to unimodal stimuli. This phenomenon seems to indicate that the 
presence of visual information facilitates auditory processing already at this 
early level of processing (van Wassenhove et al., 2005). The natural precedence 
of visual speech information (e.g., the movement of the lips) before actual 
auditory onset is of great importance in this facilitation effect, and even seems 
to be the crucial factor in explaining this signature effect of low-level MSI 
(Stekelenburg & Vroomen, 2007). In this chapter we showed that this effect 
is also observed in PDD individuals, providing additional evidence for normal 
low-level integration in PDD.

Secondly, we measured higher-order MSI of speech information by 
calculating the difference in ERP activity to congruent and incongruent AV 
speech stimuli. In this calculation, we found clear evidence of an AV congruency 
effect in the control group, consisting of late (starting at 500 ms after onset) 
bilateral frontal negativity and central-parietal positivity to incongruent 
compared to congruent AV speech. However, this congruency effect was not 
present in PDD individuals. Together with the low-level effects, these findings 
argue for a pattern of impairments on tasks related to complex audiovisual 
integration combined with relative sparing of low-level integration abilities 
in PDD. Studies of typically developing individuals have related differences 
between AV congruent and incongruent speech to higher-order integration 
of phonological information in bilateral brain regions (Klucharev et al., 2003). 
Unfortunately, we cannot speak about the specificity of our findings, since we 
did not use non-speech stimuli in our design with which to draw a comparison. 
However, the results thus far seem to indicate that the most affected domains 
of processing are those that place the highest demands on information-
processing capacity, while low-level abilities are intact. In this sense, anomalies 
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in processing have more to do with the mere complexity of the process rather 
than the type of processing that is being done. 

Combined perception of emotional signals from faces and voices
A second aspect of higher-order MSI is related to the integration of emotional 
signals from the face and the voice. In Chapter 6 we used EEG to investigate to 
what extent impairments in recognition of emotions in PDD individuals may 
have its roots in abnormal higher-order MSI of emotional cues provided by the 
sight of a facial expression and an emotional tone of voice. ERP responses were 
measured to facial expressions and to emotionally congruent and incongruent 
face-voice pairs. By this means we examined effects of facial emotions on 
face-selective ERP peaks, and were furthermore able to measure crossmodal 
emotional congruency effects on visual as well as auditory ERP peaks. 

Interestingly, we found increased P1 and N170 amplitudes in response to 
fearful faces compared to happy faces in both groups. This indicates that high-
functioning PDD individuals and typically developing controls show similar 
early processing of visual emotional stimuli. However, PDD individuals differed 
from healthy controls in how they integrate threatening information from visual 
and auditory cues. In typically developing individuals, at occipital-temporal 
brain areas, enhanced ERP activity was found to fearful voices only when these 
were shown in the context of fearful facial expressions, whereas PDD individuals 
showed diminished activity in this condition compared with all other stimulus 
combinations. Although these results might suggest that PDD individuals 
differ from healthy controls in how they integrate threatening information 
from visual and auditory cues, there are other plausible interpretations. 

That is, besides several stimulus-related multisensory binding factors, 
several external factors do exist that can profoundly influence the way in which 
crossmodal associations are made. These include, among others, effects of 
environmental noise which influence the intelligibility of the unimodal stimuli, 
and effects of attention. In order to get a thorough insight into real MSI abilities 
in PDD, the way in which these effects influence crossmodal associations in 
PDD were examined and described in chapters seven and eight.

The effects of crossmodal attention on multisensory processing
The focus in Chapter 7 was on the influence of attention on the integration 
of emotional visual and auditory information in PDD individuals, using ERPs. 
MSI was studied while attention was divided between both modalities, and 
also while participants were only attending the visual modality and were 
concurrently either mildly (1D) or heavily (2D) distracted. In the first place, ERPs 
to audiovisual stimuli (AV) were compared with the sum of the ERPs to auditory 
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and visual stimuli, measuring low-level MSI. Similar to the results described in 
chapters four and five, we found normal low-level MSI in the PDD group. In 
line with previous research on this topic (Talsma et al., 2007), this low-level MSI 
was shown to be strongest for the divided attention condition. Higher-order 
MSI, measured by the difference in ERP activity to congruent and incongruent 
AV stimuli, was also observed most clearly in the divided attention condition, 
but only for typically developing individuals. PDD individuals did show 
higher-order MSI, but only in the 1D condition. In the 2D condition neither 
group showed MSI. The fact that anomalies in MSI in PDD individuals were 
only observed in the divided attention condition, argues in favor of the view 
that aberrant multisensory responses in this group are related to attention 
mechanisms. Additionally, by using source estimations, we found indications 
for involvement of the anterior cingulate cortex (ACC) in crossmodal divided 
attention. Although ACC sources were found to be activated in PDD individuals 
during the divided attention condition, there were no differences in activity 
to congruent and incongruent stimulus conditions. These results suggest that 
PDD individuals may have difficulties with conflict detection of AV emotional 
stimuli during crossmodal divided attention conditions. 

The effects of crossmodal noise on multisensory processing
The second external factor that may influence the way in which crossmodal 
associations are formed is the effect of environmental noise. In a now classical 
study on speech perception, it was, for instance, shown that watching a 
speaker’s lips can improve speech understanding under conditions of poor 
auditory intelligibility (Sumby & Pollack, 1954). Recent evidence shows that the 
efficacy of the stimulus used is important in explaining multisensory responses 
to low-level stimuli (Stanford et al., 2005). Multisensory responses are shown 
most strongly when unisensory stimuli are least effective, a principle known as 
‘inverse effectiveness’ (Meredith & Stein, 1986). Given the reported unisensory 
deficits in PDD, there is good reason to hypothesize that these deficits influence 
multisensory processes in PDD. To date, however, there is no existing evidence 
on this topic.

Therefore, in Chapter 8, we investigated to what extent the presence of 
visual and auditory noise influences MSI of emotional signals in PDD individuals 
and healthy controls. We measured ERP activity to bimodal and unimodal 
emotional stimuli, while we manipulated visual and auditory stimuli by several 
levels of noise. Using multiple levels of signal-to-noise ratio (SNR) allowed us 
the opportunity to see at which ratio optimal MSI occurred, and whether there 
was a difference in this respect with PDD individuals. As already described in 
previous chapters, we again found low-level MSI effects on visual and auditory 
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ERP amplitudes, which were independent from emotional content depicted in 
the stimuli. In the present study, however, these effects were only observed in 
conditions where stimuli were degraded by mild levels of visual and auditory 
noise. Moreover, these low-level multisensory amplitude effects were observed 
more vigorously in PDD than in healthy individuals, and were furthermore 
not due to differences in unimodal processing, as we did not find any group 
differences on visual as well as auditory ERP components to faces and voices 
presented in isolation.

Higher-order MSI of emotional signals was observed as a difference in 
frontal ERP activity between emotionally congruent and incongruent AV 
stimuli. These effects were, however, found only in the no noise condition and 
were similarly observed in healthy and PDD individuals. In line with results 
described in chapter 7, we can conclude that individuals with PDD are able 
to process multisensory emotional stimuli on lower as well as higher levels of 
processing. However, stimulus-related factors such as noise clearly influence 
multisensory integration and seem to influence the process differently in 
individuals with PDD. 

In agreement with the principle of inverse effectiveness, finding more 
vigorous low-level MSI in PDD individuals under noisy conditions could 
be interpreted as a functional compensation for impairments in detecting 
unimodal stimuli in noise. Abnormalities in unimodal perception in noise are 
indeed shown before in PDD, in the auditory (Alcántara et al., 2004), as well 
as in the visual domain (Sanchez-Marin & Padilla-Medina, 2007). Increased 
MSI in intermediate noise conditions could, on the other hand, also mean 
that PDD individuals are less influenced by crossmodal noise. According to 
this interpretation, PDD individuals still show MSI effects under those noise 
conditions in which typically developing individuals are already overloaded 
by the amount of noise. Although these results seem to indicate a shift in the 
‘window of maximal integration’ under noisy conditions in PDD individuals, 
future studies should incorporate more noise levels in order to get a notion of 
the direction the effect. 

Together with influences of environmental noise, inappropriate attention 
mechanisms may in fact turn out to be crucial in explaining MSI abilities in PDD. 
The studies described in this thesis clearly show that multisensory processing 
of emotional signals in PDD is intact under the appropriate circumstances, and 
even enhanced under conditions of mild noise. A locally oriented processing 
style may be the default in PDD individuals, both in terms of low-level perception 
but also in high-level attentional control (Mann & Walker, 2003). Together with 
the observed automatic hyper-physiological response to emotional faces 
(chapter 3), this pattern of information processing may lead to overloading of 
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higher-order processes under naturalistic multisensory situations, and in this 
sense may account for several social and non-social features of PDD.

Conclusions
Returning to the central research aim, there are several conclusions that can 
be drawn from the presented data. Using several research techniques and 
paradigms, this thesis provides clear improvements in our knowledge of 
multisensory processing abilities in PDD individuals. On a point by point basis, 
the evidence given in this thesis comprises the following findings: 

Facial EMG activity can be measured similarly from emotions depicted 
in faces, voices, and body postures. This is in accordance with the view that 
emotions processed through face, voice and body trigger an emotion reaction 
in the observer which is based on direct activation of an emotion motor 
program, and not on imitation, as suggested by mirror neuron theorists. 

Facial EMG activity to happy and fearful faces is larger in PDD individuals  
than matched controls. These results can be interpreted as an increased 
physiological responsiveness in PDD individuals to the presentation of facial 
stimuli. Possibly, PDD individuals develop a kind of homeostasis-driven 
behavior, such as the typical gaze avoidance, to control for hyperactive 
physiological responses to faces. Intact EMG responsiveness is found to 
multisensory emotional stimuli in the PDD group.

Low-level MSI, as measured by a crossmodal sensory gating paradigm, is 
intact in PDD individuals. Intact rapid crossmodal associations indicate normal 
functional connectivity between primary visual and auditory processing areas 
in PDD. Atypical crossmodal gating was found in a group of schizophrenia 
individuals, which makes the crossmodal sensory gating paradigm a potential 
psychophysiological measure from which PDD and schizophrenia individuals 
can be distinguished.

Using naturalistic AV speech stimuli, we found normal low-level, but 
atypical higher-order MSI in PDD individuals. Although these findings could 
indicate abnormal AV integration of phonological information, one should not 
overlook the possibility that the observed results are due to others factors, 
like attention impairments, as these are known to influence the way in which 
crossmodal associations are made. 

PDD individuals are able to integrate emotional signals from face and 
voice, on low-level as well as higher-order levels of processing, although there 
are several factors that have an atypical influence on MSI in PDD. Together 
with anomalies in the perceptual processing of emotional signals-in-noise, 
inappropriate attention mechanisms may cause aberrant multisensory 
ERP responses. Importantly, in combination with the observed hyper-
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responsiveness to emotional faces at the level of reflex-like motor activity, this 
pattern of information processing may cause overloading of higher-cognitive 
processes under naturalistic multisensory situations, and consequently lead to 
the specific deficits in social cognition associated with PDD.

Methodological considerations
The studies described in this dissertation thesis contribute to a better 
understanding of the problems in communication found in PDD, yet some 
methodological considerations can be made. In the first place, it is important 
to recognize that all participants were young adults, while prospective 
developmental studies have shown that multisensory perception emerges 
in its various forms during the first years of life (Lewkowitcz & Lickliter, 1994). 
Interestingly, Putzar et al. (2007) argued that full development of MSI depends 
on adequate sensory input during the first months of life. Given the presumed 
unimodal sensory processing deficits in PDD, one might argue that these 
deficits underlie full multisensory development later in life. According to the 
“intersensory redundancy hypothesis” (Bahrick et al., 2004), our senses provide 
overlapping information, which is not specific to a single modality, but can 
be redundant across more than one sense. This overlap recruits the infant’s 
attention, hereby providing initial advantage to the perceptual processing, 
and perceptual differentiation of stimulus properties that are redundant. In 
other words, intersensory redundancy influences attentional allocation early 
in life, which in turn can have long-range effects on perception, cognition, and 
social and emotional development. Therefore, prospective developmental 
studies are needed to establish how early sensory processing is related to the 
development of MSI in PDD. 

Also, we only included individuals without intellectual disabilities, and 
generalization of our results to PDD individuals suffering from intellectual 
disabilities is difficult. Furthermore, our group sizes were relatively small, 
which may have reduced statistical power of our effects. However, we took 
great effort to put together a homogeneous group of individuals without 
mental retardation, as a result of which we can conclude that the found effects 
can be attributed to PDD only. The selection of our sample was based on 
voluntary registration, which may have elicited a bias towards the inclusion of 
participants with higher levels of functioning. On the other hand, participating 
PDD individuals scored well above cut-off values on diagnostic interviews, 
such as the ADI-R and the ADOS. Moreover, a major strength of the present 
research is that many aspects of MSI were studied in the same group of PDD 
individuals, and highly consistent results were reported. 
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Implications for future research
Based on the methodological considerations that were discussed in the 
previous paragraph, we suggest that future studies should address the 
developmental course of integration capacities in PDD starting from as early 
as the first months of life. Further, given the distributed nature of the disorder, 
larger group sizes, including broader age and IQ ranges, are needed in order 
to get a clear insight into possible subgroups of MSI capabilities across the 
autism spectrum, and possibly also across schizophrenic and ADHD spectra.

 In chapter 5, we provided evidence of deficits in higher-order MSI of 
speech stimuli in PDD, which seemed in the first place similar to deficits in 
MSI of emotional signals. Further investigation, however, elucidated that MSI 
deficits of emotional signals in PDD are secondary to anomalies in divided 
attention and perception-in-noise. Whether deficits in MSI of speech stimuli 
can also vary depending on the used paradigm as has been observed for AV 
emotional signals, needs to be investigated. 

A very important implication for future research is that research on 
unimodal and multimodal perception needs to be better integrated. It is 
clear that all of our social capabilities develop in a multisensory environment, 
and the importance of multisensory perception on basic attention, but 
also on intermodal influences cannot be ignored in experimental research. 
Inconsistencies in research on unimodal perception need to be better addressed, 
without generalizing beyond the context of investigation. The data described 
in chapters 7 and 8 showed that very subtle differences in stimuli and task 
load can have major influences on study output. Further investigations of the 
interplay between modality-specific and multisensory aspects of stimulation 
are therefore needed. 

Furthermore, research from several sciences, such as evidence from 
behavioral, genetic, EEG, EMG, and fMRI studies, needs to be better integrated 
to get to a unified theory of perceptual development. Advances in cognitive 
neuroscience are progressively increasing our knowledge on the brain basis of 
social interaction, although the current fragmentation in research strategies 
impedes further progress. Similarly, existing knowledge from several research 
groups needs to be integrated into a general transfer of data, analytic tools 
and methods. Only in this manner science can be creative and progressive, 
with the observance that also negative results need to be published in order 
to preserve truthful image-forming.

In other words, we need to give up the ‘academic canalesthesia’, and listen 
more to Kandinsky’s paintings to get the art back in science…
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Nederlandse Samenvatting     

In dit proefschrift werd onderzocht hoe bij mensen met autisme verschillende 
prikkels die via de ogen en de oren worden verwerkt, met elkaar worden 
geassocieerd tot een coherent geheel. Het verenigen van informatie uit 
verschillende zintuigen (crossmodale of multisensorische integratie) is 
van groot belang voor een efficiënte verwerking van sociale prikkels. Een 
verstoring van deze integratie bij mensen met autisme zou bij kunnen dragen 
aan de tekortkomingen in de sociale interactie die kenmerkend is voor deze 
aandoening. Om dit te onderzoeken is er gebruik gemaakt van verschillende 
psychofysiologische technieken (EEG en EMG), waarmee het mogelijk is de 
dynamiek van de informatieverwerking in de hersenen nauwkeurig in kaart 
te brengen. 

Wat is autisme?
Autisme wordt gezien als de meest ernstige vorm van de Autisme Spectrum 
Stoornissen (ASS), waartoe ook mildere vormen, zoals het syndroom van 
Asperger, behoren. Mensen met autisme worden gekenmerkt door een 
achterblijvende ontwikkeling op drie terreinen: sociale en empatische 
contacten, ontwikkeling van communicatie en taal, en de aanwezigheid van 
rigide of stereotype gedragspatronen en interesses. Mensen met het syndroom 
van Asperger vertonen in gelijke mate sociale beperkingen en repetitieve 
gedragspatronen, maar hebben een normale taalontwikkeling. 

De oorzaak van ASS is onbekend, al is het zeer waarschijnlijk dat 
genetische factoren een grote rol spelen. Een groeiend aantal onderzoeken 
naar de hersenfuncties bij mensen met ASS wijst een verstoring in de 
informatieverwerking aan als de primaire oorzaak van meerdere van de 
klinische symptomen van de aandoening. Zo zou bijvoorbeeld een afwijkende 
verwerking van visuele prikkels ertoe kunnen leiden dat mensen met ASS de 
wereld om zich heen anders beleven, waardoor verstoringen in de sociale 
interactie en motivatie ontstaan. Een belangrijk aspect in onderzoek naar 
de informatieverwerking dat echter vaak over het hoofd wordt gezien, is dat 
in het dagelijkse leven tegelijkertijd prikkels moeten worden verwerkt via 
verschillende zintuigen. We zijn bijvoorbeeld in staat een lachend gezicht 
te horen, en vaak kunnen we ook zien wat een persoon probeert te zeggen. 
Voor een efficiënte verwerking is het van belang dat onze zintuigen deze 
multisensorische informatie snel herkennen en integreren tot een coherent 
geheel. Deze multisensorische integratie (MSI) speelt een essentiële rol 
tijdens sociale processen en voornamelijk tijdens face-to-face contacten. 
Aangezien mensen met ASS verstoringen vertonen in die gebieden van 
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informatieverwerking waarin MSI van groot belang is (emotieverwerking 
en taal), is er een zeer goede reden om de vraag te stellen in hoeverre een 
verstoring in MSI hierin een rol speelt.

Wat is multisensorische integratie?
MSI heeft vanuit evolutionair oogpunt duidelijk voordelen. Een snelle 
integratie tussen informatie die je tegelijkertijd ziet en hoort kan bijvoorbeeld 
de herkenning versnellen en hierdoor ook eerder een geschikte reactie 
uitlokken. Wanneer iemand bijvoorbeeld in een luidruchtige omgeving tegen 
je praat, helpt het daadwerkelijk om tijdens het luisteren de lipbewegingen 
van de spreker in de gaten te houden. Verder zal een kwaad gezicht nog 
veel dreigender overkomen op het moment dat er ook een kwade stem bij 
klinkt. Een gebrekkige MSI kan in deze gevallen leiden tot beperkingen in de 
communicatie en minder aangepaste gedragspatronen.

In dit proefschrift worden verschillende factoren onderzocht die kunnen 
verklaren hoe verstoringen in multisensorische perceptie zouden kunnen 
leiden tot de klinische symptomen die kenmerkend zijn voor ASS. Een 
belangrijke vraag hierbij is hoe de hersenen weten welke informatie bij 
elkaar hoort en welke niet. Er zijn diverse factoren gevonden die een rol 
spelen bij deze integratie, de zogenaamde bindingsfactoren. Zo kunnen twee 
gebeurtenissen bijvoorbeeld overeenkomen in plaats (spatiële overeenkomst), 
in tijd (temporele overeenkomst), en in betekenis (inhoudelijke overeenkomst). 
Naast deze bindingsfactoren zijn er meerdere externe factoren die invloed 
kunnen uitoefenen op de mate waarin MSI optreedt. Zo wordt de integratie 
bijvoorbeeld meer op de proef gesteld op het moment dat de verschillende 
prikkels niet meer goed herkenbaar zijn en naarmate er tegelijkertijd meerdere 
taken uitgevoerd moeten worden. Bovendien is voor niet-sociale prikkels 
een overeenkomst in tijd en plaats vaak voldoende om deze te integreren. 
Denk hierbij bijvoorbeeld aan een boek dat op de grond valt. Voor sociale 
prikkels is een inhoudelijke overeenkomst echter meer van belang. Denk 
hierbij aan de voorbeelden met betrekking tot emotieverwerking en taal zoals 
deze eerder genoemd zijn. Voor deze zogenaamde ‘hogere-orde’ MSI is een 
correcte herkenning van de afzonderlijke componenten van belang alvorens 
er integratie kan plaatsvinden. 

In dit proefschrift werden achtereenvolgens MSI van niet-sociale en sociale 
prikkels onderzocht, evenals de invloed van externe factoren hierop bij een 
groep hoogfunctionerende, jongvolwassen mensen met ASS en een groep 
gezonde vrijwilligers. We hebben gebruik gemaakt van Elektro-encefalograms 
(EEG) en Elektro-myograms (EMG) om respectievelijk hersenactiviteit en 
spieractiviteit te onderzoeken. Met behulp van EEG is het mogelijk elektrische 
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hersenactiviteit te meten door middel van het plaatsen van elektroden op 
het hoofd. Deze techniek maakt het mogelijk zeer nauwkeurig de dynamiek 
van de informatieverwerking in de hersenen in kaart te brengen. Dit wordt 
onderzocht door de hersenactiviteit te relateren aan de verwerking van een 
bepaalde stimulus tijdens een onderzoek en wordt beschreven in termen 
van activiteit gerelateerd aan deze gebeurtenis, wat ERP (Event Related 
Potential) wordt genoemd. Met behulp van EMG kan motorische activiteit van 
de gezichtsspieren worden gemeten tijdens de verwerking van emotionele 
prikkels. 

Spieren in het gezicht als de link tussen emoties en gedrag
Uit eerdere EMG studies is gebleken dat mensen enkele van hun gezichtsspieren 
aanspannen wanneer zij geconfronteerd worden met een emotioneel gezicht 
of stemgeluid. Wanneer je een blij gezicht ziet of een blije stem hoort, reageer 
je hier automatisch op door mee te gaan lachen. Wanneer je een bang gezicht 
ziet of een angstige stem hoort, ben je automatisch geneigd om te gaan 
fronsen. In Hoofdstuk 2 werd onderzocht in hoeverre deze spieractiviteit het 
gevolg is van automatische imitatie of van daadwerkelijke herkenning van de 
emotie. De EMG activiteit werd gemeten bij een groep gezonde vrijwilligers, 
terwijl zij werden geconfronteerd met angstige en blije gezichten, gezicht-
stem combinaties, en lichaamshoudingen. Het bleek dat angstige gezichten, 
lichaamshoudingen en gezicht-stem paren voor meer activiteit van de 
frons spier zorgden dan blije gezichten, lichaamshoudingen en gezicht-
stem combinaties, die op hun beurt weer meer activiteit van de lachspier 
veroorzaakten. 

Dit suggereert dat de emotionele lading in de stimulus, en niet zozeer 
imitatie, ten grondslag ligt aan de emotionele spier reflex. Deze bevinding 
spreekt tegen dat de zogenaamde spiegelneuronen een oorzakelijke rol 
spelen in het veroorzaken van de emotionele EMG activiteit. Spiegelneuronen 
zijn actief bij het uitvoeren van handelingen, maar ook als dezelfde handeling 
bij een ander wordt waargenomen. Recentelijk werden deze spiegelneuronen 
ook in verband gebracht met de verwerking van emoties en de automatische 
reactie bij het observeren van emoties bij anderen. Het onderzoek in hoofdstuk 
twee toont aan dat de activiteit van de gezichtsspieren bij het waarnemen van 
emoties niet rechtstreeks een weerspiegeling is van automatische imitatie, 
maar veeleerder het gevolg is van herkenning van de emotie. Bovendien 
wordt er aangetoond dat met behulp van de EMG techniek een vorm van 
MSI kan worden gemeten. Het bleek namelijk dat wanneer dezelfde emoties 
tegelijkertijd werden waargenomen in een gezicht en een stem dit leidde tot 
meer EMG activiteit dan wanneer er bijvoorbeeld een angstige stem klonk bij 
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een blij gezicht. 

Lachen mensen met autisme onbewust terug? 
In Hoofdstuk 3 werd deze spieractiviteit onderzocht bij mensen met ASS. In 
tegenstelling tot eerdere onderzoeken naar emotieverwerking bij mensen 
met ASS vonden wij een sterkere spieractiviteit in de groep mensen met ASS 
dan in de controlegroep. De mensen met ASS vertoonden een sterkere lach-
reflex bij het zien van een blij gezicht en een sterkere frons-reflex bij het zien 
van een angstig gezicht. Bovendien vonden we in reactie op de gezicht-stem 
combinaties geen verschillen tussen de twee groepen. Aangezien we alleen 
keken naar hele snelle en automatische processen, kan dit effect niet beïnvloed 
zijn door bewuste beïnvloeding. Op basis van deze resultaten kunnen we 
concluderen dat mensen met ASS op onbewust niveau een overgevoeligheid 
vertonen voor emotionele gezichten. Een mogelijk gevolg hiervan kan zijn dat 
mensen met ASS te sterk geprikkeld worden door gezichten en er om deze 
reden minder graag naar kijken. Ten tweede lijken deze resultaten er op te wijzen 
dat mensen met ASS even goed in staat zijn visuele en auditieve emotionele 
informatie tegelijkertijd te verwerken als mensen uit de controlegroep. In de 
overige hoofdstukken werd hier door middel van ERP onderzoek verder op 
ingegaan.

Multisensorische integratie van niet-sociale informatie
In Hoofdstuk 4 werd onderzocht in hoeverre verstoringen in de communicatie 
bij mensen met ASS en mensen met schizofrenie het gevolg zijn van een 
gebrekkige MSI van eenvoudige, niet-sociale, prikkels. Om dit te onderzoeken 
werd uitgegaan van het gegeven dat de hersenen normaal gesproken minder 
heftig reageren op een prikkel als er zich zojuist een vergelijkbare gebeurtenis 
heeft afgespeeld. De ERP activiteit is bijvoorbeeld lager bij het horen van een 
toon als hier een lichtflits aan vooraf gaat, dan wanneer deze lichtflits zich niet 
heeft voorgedaan. Het bleek dat mensen met ASS hier hetzelfde op reageerden 
als mensen uit de controlegroep; mensen met schizofrenie vertoonden dit 
effect echter niet. Op basis van deze resultaten kan geconcludeerd worden 
dat de verstoringen in de sociale communicatie bij mensen met ASS niet het 
gevolg zijn van een beperkte MSI van niet-sociale informatie. Het lijkt er dus 
op dat mensen met ASS, in tegenstelling tot mensen met schizofrenie, geen 
problemen hebben om eenvoudige prikkels van verschillende zintuigen (met 
een bepaalde spatiële en temporele overeenkomst) met elkaar in verband te 
brengen. 
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Multisensorische spraakwaarneming
Naast MSI van niet-sociale prikkels is het tevens belangrijk te onderzoeken in 
hoeverre mensen met ASS in staat zijn inhoudelijke overeenkomsten tussen 
meerdere vormen van sensorische informatie te verbinden. Multisensorische 
spraakwaarneming is een van de vormen van MSI waarbij deze inhoudelijke 
overeenkomst van belang is. In Hoofdstuk 5 werd deze spraak integratie 
onderzocht bij mensen met ASS, door te kijken naar het verschil in ERP 
activiteit in reactie op congruente en incongruente spraak. Van incongruente 
spraak wordt gesproken wanneer de lipbewegingen van de spreker duidelijk 
niet overeenkomen met de klanken. Deze manier van analyseren geeft een 
beeld van de ‘hogere orde’ MSI, aangezien verschillen in ERP activiteit alleen 
kunnen worden gevonden wanneer de inhoudelijke overeenkomsten worden 
herkend en de incongruentie hiervan gedetecteerd. Het bleek dat dit hogere 
orde congruentie effect niet aanwezig was bij mensen met ASS, terwijl het bij 
mensen uit de controlegroep wel werd gemeten. Een gebrek aan dit effect bij 
mensen met ASS kan betekenen dat zij moeite hebben met het integreren van 
lipbewegingen en bijbehorende taalklanken. In het dagelijkse leven kan dit 
leiden tot een verminderd taalbegrip en een belemmerde communicatie. Het 
is echter mogelijk dat bepaalde externe factoren, zoals verschillen in de mate 
van aandacht voor de verschillende prikkels, de integratie anders hebben 
beïnvloed bij mensen met ASS dan bij mensen uit de controlegroep. Toekomstig 
onderzoek zou deze factoren moeten uitsluiten voordat we kunnen spreken 
van een daadwerkelijke verstoring van multisensorische spraakwaarneming 
in ASS.

Multisensorische waarneming van emotionele signalen
Een tweede vorm van hogere orde MSI vindt plaats bij de waarneming van 
emotionele prikkels. In Hoofdstuk 6 werd onderzocht in hoeverre verstoringen 
in de emotionele wederkerigheid bij mensen met ASS veroorzaakt worden 
door een gebrek aan MSI van emotionele gezichten en stemgeluiden. Uit 
eerdere studies is gebleken dat een angstig gezicht als nog angstiger wordt 
ervaren als je naast dit gezicht ook een angstige stem hoort (dit noemen we 
een congruente emotie), en dit effect treedt niet op als je bij een angstig gezicht 
een blije stem hoort (incongruente emotie). Door in het huidige onderzoek 
te kijken naar de ERP activiteit werd een vergelijkbaar effect gevonden bij 
mensen uit de controlegroep. Zij vertoonden namelijk meer ERP activiteit 
bij congruent angstige emoties, dan bij incongruente emoties. Bij mensen 
met ASS werd juist minder ERP activiteit gemeten in de congruent angstige 
conditie vergeleken met incongruente emoties. Om dit effect beter te kunnen 
verklaren werd er vervolgonderzoek gedaan naar de invloed die externe 
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factoren kunnen hebben op de MSI van emotionele signalen.

De invloed van aandacht op multisensorische waarneming
In Hoofdstuk 7 werd gekeken naar de invloed die aandacht kan hebben op 
de MSI van emotionele signalen. Net als in het voorgaande hoofdstuk werd 
ERP activiteit gemeten in reactie op congruente en incongruente emoties. 
Tijdens het onderzoek werd de proefpersonen in één conditie gevraagd 
om tegelijkertijd op de gezichten en de stemmen te letten. In twee andere 
condities moesten zij alleen op het gezicht letten, terwijl ze licht danwel zwaar 
werden afgeleid. Het bleek dat bij mensen uit de controlegroep de gezichten en 
stemmen het meest met elkaar werden geassocieerd wanneer hun aandacht 
op beide gericht was. Bij mensen met ASS werd ook een duidelijk congruentie 
effect gevonden, al bleek dit alleen voor te komen wanneer hun aandacht op 
het gezicht was gericht en ze tegelijkertijd licht werden afgeleid. Ten eerste 
blijkt hieruit dat mensen met ASS wel degelijk in staat zijn de inhoudelijke 
overeenkomsten tussen verschillende multisensorische emotionele signalen 
te herkennen en te integreren. Bovendien wordt aangetoond dat de mate 
van aandacht MSI sterk kan beïnvloeden, en dat deze beïnvloeding anders 
verloopt bij mensen met ASS. Mogelijk is hier een rol weggelegd voor de 
cortex cingularis anterior; een gebied in het frontale deel van de hersenen, 
dat betrokken is bij zowel de verwerking van emotionele prikkels, als bij de 
detectie van prikkels die gepaard gaan met een bepaalde mate van conflict, 
zoals in de incongruentie conditie het geval was.

De invloed van rumoer op multisensorische waarneming
Naast de invloed van aandacht op MSI kan de integratie ook op de proef 
worden gesteld op het moment dat de verschillende prikkels niet meer goed 
herkenbaar zijn. Zo kan liplezen helpen om een spreker te verstaan onder licht 
rumoerige omstandigheden. Wanneer dit rumoer echter te sterk wordt, zal 
ook MSI niet meer afdoende zijn. Dit gegeven werd onderzocht in Hoofdstuk 
8 door MSI van emotionele signalen te meten onder licht rumoerige en 
sterk rumoerige omstandigheden. In overeenstemming met onderzoek naar 
spraakherkenning, werd ook bij de multisensorische herkenning van emoties 
de meest sterke MSI gevonden onder licht rumoerige omstandigheden. Het 
bleek echter dat mensen met ASS onder deze licht rumoerige omstandigheden 
meer MSI vertoonden dan mensen uit de controlegroep. Dit kan twee 
tegengestelde oorzaken hebben. Ten eerste is het mogelijk dat mensen met 
ASS meer last hebben van het rumoer en daardoor meer MSI nodig hebben; 
ten tweede is het mogelijk dat mensen met ASS juist minder last hebben van 
het rumoer en nog MSI vertonen waar voor de mensen uit de controlegroep 
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het rumoer al te sterk is om nog MSI te vertonen. Vervolgonderzoek met meer 
variaties in ‘signaal-ruis verhoudingen’ zou moeten uitwijzen welke van de 
twee interpretaties de juiste is.

Samengevat kan geconcludeerd worden dat mensen met ASS wel 
degelijk in staat zijn multisensorische informatie op meerdere niveaus van 
informatieverwerking te integreren. De resultaten wijzen er echter op dat 
externe factoren, zoals aandacht en mate van rumoergevoeligheid, het 
mechanisme anders beïnvloeden bij mensen met ASS. In combinatie met 
de gevonden overgevoeligheid voor emoties in het gezicht, kan dit patroon 
van informatieverwerking leiden tot een overbelasting van het cognitief 
functioneren onder dagelijkse multisensorische omstandigheden. Het is 
echter onduidelijk hoe deze resultaten in ontwikkelingsperspectief geplaatst 
kunnen worden. Toekomstig onderzoek naar multisensorische perceptie bij 
mensen met ASS zou zich voornamelijk moeten richten op de totstandkoming 
hiervan in de vroege ontwikkeling. 
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Dankwoord

Uiteraard komt geen enkel onderzoek tot stand zonder de noodzakelijke hulp 
van vele mensen. Graag wil ik de mensen bedanken die op één of andere wijze 
aan het onderzoek uit dit proefschrift hebben bijgedragen. 

Allereerst is het onderzoek natuurlijk mogelijk gemaakt door de inzet van 
alle deelnemers. Voor alle mensen met ASS heb ik groot respect gekregen 
tijdens de afname van het onderzoek, dat steevast tot het eind werd volbracht 
ondanks de haast onmogelijke taken die ik ze voorschotelde. Mijn dank gaat 
ook uit naar hun ouders en begeleiders, die iedere keer weer bereid waren mee 
te reizen en tevens de moeite namen zo uitgebreid hun tijd vrij te maken voor 
het onderzoek. Uiteraard ben ik ook alle deelnemers uit de controlegroepen 
zeer dankbaar voor hun inzet en enthousiasme. 

Daarnaast ben ik mijn promotoren zeer dankbaar voor de kans die ze mij 
gegeven hebben om dit proefschrift te vervaardigen. In de eerste plaats 
Chantal, van jou kreeg ik de meest directe en praktische begeleiding. Jou wil 
ik graag bedanken voor het vertrouwen dat ik van begin af aan kreeg en de 
vele kansen die je me hebt geboden in de vorm van verschillende cursussen 
en congressen. Je vaak zeer praktische tips en je kritisch-optimisme hebben 
er in grote mate toe bijgedragen dat het onderzoek soepel bleef lopen en de 
resultaten helder op papier werden gezet. Herman, je nimmer afnemende 
inspiratie en enthousiasme zijn een groot voorbeeld voor mij geweest. Ik 
ben er trots op dat ik onder jou hoede mocht promoveren. Bea, de cryptische 
omschrijvingen in je mails waren iedere keer weer van grote waarde. Ik 
bewonder je drang naar nieuwe kennis en de overtuiging waarmee dit over de 
hele wereld tot uiting wordt gebracht. 

De leden van de beoordelingscommissie wil ik bedanken voor het kritisch 
lezen van mijn manuscript. Een speciale dank gaat uit naar Leon Kenemans, 
die mij wegwijs maakte in de psychofysiologie en me tevens attendeerde op 
het huidige project. 

Mijn mede AIO’s (Maartje, Jocelyne, Mariëlle, Mirjam, Heval, Hilde, Martijn, 
Marieke, Myriam - wanneer gaan we weer dansen? -, Patrick, Janna, Selene, 
Jolijn, Claudine en Maretha - ex-AIO’s -, Emma - ik schaar je bij deze ook 
maar onder de onderzoekers - en natuurlijk Imke en Petra uit Maastricht) en 
kamergenoten van het eerste uur (Manon, Maartje) wil ik graag bedanken voor 
alle gezellige AIO borrels, uitjes, etentjes en gezelligheid tijdens congressen. 
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Bertine, dankzij jou scheen er toch nog licht aan het eind van de donkere gang. 
Ik heb er veel steun aan gehad samen de laatste fase af te ronden. 

Mijn paranimfen, Tim en Boris, hebben beide op hun eigen wijze een grote 
bijdrage geleverd aan dit onderzoek. Tim, altijd een dankbaar luisterend oor 
bij het bespreken van de nodige roddels, ik ben je erg dankbaar voor de 
gezelligheid en steun. Boris, ook op zaterdag nog aan het werk, maar altijd 
in voor gezelligheid, een drankje en op zijn tijd een serieus gesprek. Ik ben er 
trots op dat jullie beiden achter me staan op 19 juni.

De mensen uit Tilburg die hebben geholpen met het opstarten van het project: 
Ruthger, Sabine, Wim, Jan, Ilja, Jean, Ton, Geert en natuurlijk Jeroen. Dankzij 
jou hulp zijn er twee mooie EMG papers van de grond gekomen. 

Daarnaast wil ik graag de mensen – Renate en Emmie – bedanken die hebben 
geholpen met de werving van de patiënten. Zonder jullie was het onderzoek 
nooit zo voorspoedig verlopen als nu het geval was. Nieke, bedankt voor je 
inzet en grote hulp bij het vinden van de geschikte controlegroep. Ik ben blij 
dat je nieuwe werkplek bij Tim zo goed bevalt.

Gert, ontzettend bedankt voor de technische ondersteuning. Jouw heldere 
blik geeft probleemoplossend denken een nieuwe dimensie.

Op het moment dat ik dit schrijf moet ik nog gaan beginnen aan de uiteindelijke 
lay-out van het proefschrift. Wetende dat de mensen van Beeldwerk en Melvin 
Lardenoye me hiermee gaan helpen, geeft me veel rust en ik heb er dan ook alle 
vertrouwen in dat dat wel goed gaat komen. Alvast mijn grote dank hiervoor 
en ik ben benieuwd wat we ervan gaan maken!

Pap en mam, rotsen in de branding. Altijd paraat als er weer plotseling een muur 
gefreesd moest worden of een piano omhoog getakeld (Bart, IOU). En Pascal 
natuurlijk niet te vergeten voor het nodige sloopwerk. Ik ben jullie heel erg 
dankbaar voor wat jullie mij allemaal hebben gegeven, en jullie onuitputtelijke 
liefde, steun en toeverlaat. Cornelia en Maria (Corrie en Netteke), twee van de 
sterkste vrouwen die ik ken, ik ben zo blij dat jullie er zijn! 

Lieve Marjon, je hebt me door de laatste loodjes heen getrokken en doet 
veel meer voor me dan je zelf denkt. Ik ben intens gelukkig dat ik je nu mijn 
verloofde mag noemen en zie enorm uit naar onze toekomst samen. We gaan 
er iets moois van maken! 
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