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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 multisensory integration (MSI). We investigated to what extent a deficit in recognition of emotions in individuals with
Pervasive Developmental Disorder (PDD) may have its roots in abnormal MSI of emotional cues provided by the sight of a facial expres-
sion and an emotional tone of voice.

Methods. In twelve high-functioning, adult PDD individuals and thirteen age- and 1Q-matched controls, (1) the processing of fearful
faces was compared with that of happy faces; (2) MSI was assessed by characterizing the interaction effects of crossmodal presentation,
using EEG.

Results: Increased P1 and N170 amplitudes were seen in response to fearful faces compared with happy faces in both groups. However,
PDD individuals differed from healthy controls in MSI of fearful information from visual and auditory cues.

Conclusions: Both groups show a similar pattern as concerns the early components of visual emotion processing, but there are anomalies
in processing of fearful face—voice combinations in the PDD group.

Significance: Because of the importance of rapid MSI for social competence, MSI anomalies in PDD may be linked to the observed def-
icits in their emotional behavior.

© 2008 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Pervasive Developmental Disorder (PDD) refers to a
group of neurodevelopmental disorders characterized by
impairments in social-emotional behavior and communi-
cation, co-occurring with repetitive, stereotyped behaviors
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(APA, 1994). A poor insight into the emotions of others
seems to play a central role in the social interaction prob-
lems in this group, and it has been suggested that this is
related to poor recognition of facial expressions (Bacheva-
lier and 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). How-
ever, an alternative explanation is that these symptoms
arise from an earlier impairment in the processing of (fear-
ful) 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
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evidence for an abnormal perceptual component in autism
is increasing (Behrmann et al.,, 2006; Dakin and Frith,
2005).

An important aspect of processing of emotional stimuli
in every day life is that signals arrive from different modal-
ities at the same time. For example, visual-emotional sig-
nals (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 vs.
unimodal recognition of emotions (de Gelder and Vroo-
men, 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 col-
leagues found a different pattern of cerebral blood flow in
individuals with PDD than controls during the processing
of facial expressions accompanied by prosodic informa-
tion. 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 tem-
poral 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 and 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 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 Pl as well as N170 amplitudes are influ-
enced by facial expression, especially fear (Batty and Tay-
lor, 2003; Halgren et al., 2000; Pourtois et al., 2005;
Stekelenburg and 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 config-
uration processing (e.g., O’Connor 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). Fur-

thermore, 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 compo-
nent, which is known to reflect activity from auditory cor-
tical 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 showed
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 measure-
ment of ERPs while participants were presented pairs of
emotional faces and voices. Each trial started with the pre-
sentation 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. This design
allowed us to: (1) compare the processing of fearful faces
with that of happy ones; (2) assess MSI by characterizing
the interaction effects of crossmodal presentation. 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. Second, we examined electrophysiolog-
ical 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 previ-
ous 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 cortical ERP compo-
nents. A result indicating that this effect is not obtained
in individuals with PDD, would provide evidence for a dis-
integrated processing of visual and auditory emotions in
this group.

2. Methods
2.1. 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 individ-
uals 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 sub-
stance abuse, seizure disorders, neurological diseases, head
trauma or mental retardation. Additionally, all individuals
in the control group were free of neurological and psychi-
atric history, and familial history of psychiatric disorders.
All diagnoses of PDD (either Autistic Disorder or Asperger
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Syndrome) were based on DSM-IV criteria and were made
by a child psychiatrist. Additionally, all patients were
administered the Autism Diagnostic Observation Schedule
(ADQOS; Lord et al., 1989) by a trained rater, and their par-
ents 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 ‘Com-
munication’ (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 cor-
rected to normal vision. They were all paid for their partic-
ipation. Written informed consent was obtained for each
participant before the session, according to the Declaration
of Helsinki (2000). Approval of the medical ethics commit-
tee of the University Medical Center Utrecht was obtained
prior to the study.

2.2. Stimuli and procedure

Stimuli consisted of AV stimulus pairs with either a con-
gruent or an incongruent affective content. The visual com-
ponent consisted of one of six happy and six fearful faces
(equally matched between male and female pictures) taken
from the Ekman series (Ekman and Friesen, 1976). The
auditory component consisted of spoken sentence frag-
ments 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 volunteers who did not partic-
ipate in the experiment to ensure that stimuli were per-
ceived as belonging to the appropriate category. Each
visual stimulus was combined with a different spoken frag-
ment, resulting in 12 congruent and 12 incongruent stimu-
lus 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 13.5° x 9.2°. Luminance was 38 cd/m?> on
a 2.5 cd/m? 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-audi-
tory 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 push-
ing 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 and 1500 ms, immediately
after the participant’s response. During this interval a cen-
tral fixation cross was presented on screen. Stimuli within a
total of eight blocks of 24 AV trials were presented ran-
domly (96 H and 96 F trials; 48 trials for each AV stimulus
combination).

2.3. 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 elec-
trode (Common Mode Sense) during recording. EEG sig-
nals 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
4100 pV at any channel were automatically rejected. Low-
est allowed activity was 3 pV/200 ms, and the maximal
allowed voltage step per sampling point was 50 V. ERPs
were averaged separately for all six stimulus categories.

2.4. Data analysis

Electrode and time window selection for P1 and N170
was based on previous studies (Batty and Taylor, 2003);
P1 was measured as mean of the peak latencies and ampli-
tudes over occipital sites (O1/02) and occipital-temporal
sites (PO3/PO4, PO7/PO8) in the time window
80-140 ms. Mean N170 was measured over bilateral occip-
ital-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, charac-
teristics of the auditory response were measured at occipi-
tal-temporal sites (P5/P6, P7/P8, PO7/POS), as maximal
negative peaks in the time window 160-240 ms (for elec-
trode positions see Fig. 1). Electrode selection for this peak
was based on previous research yielding these sites as the
ERP correlates of the fusiform gyrus (Itier and 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
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Fig. 1. Scalp locations on which visual P1, visual N170, auditory P2, and
auditory N2 were measured.

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).

Second, 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 stim-
ulus categories. Analyses consisted of the between-subjects
factor Group (PDD vs. control group), and the within-sub-
jects factors Emotion of the auditory stimulus (happy vs.
fear), and Congruency (congruent vs. incongruent). Fur-
thermore, 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 sim-
ilar within-subjects factors and one new factor, namely,
Hemisphere (left vs. right). Possible differences between
groups related to AV interaction effects would be demon-
strated as a specific interaction between the factors Emo-
tion of the auditory stimulus, 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 par-
ticular emotional expression, and how this differed 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 condi-
tion; for the happy auditory condition we compared the Hh
with the Fh condition.

3. Results
3.1. 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 (mean + SE; 8.9 uV 4+ 0.8) compared to
happy faces (8.2 pV + 0.8). This effect was observed simi-
larly across both groups, and indeed there was no signifi-
cant interaction between Emotion and Group. The factor
Emotion had no effect on P1 latencies, (mean latency
122.2 ms + 1.9).

Second, 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 <0.0l, indicating
larger negative amplitudes for fearful faces (—0.83 uV +
0.6) compared to happy faces (—0.46 uV + 0.5). This differ-
ence was significant across both groups (see Table 1), with
no interactions. Emotion had no significant effect on N170
latencies (mean latency 175.2 ms + 3.8).

3.2. Evoked potentials related to AV interaction

The factor Emotion of the auditory stimulus had a sig-
nificant 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 pV £ 0.3)
compared to both auditory happy (Hh and Fh) conditions
(2.58 uV £ 0.3). There was no interaction between Emo-
tion and Congruency, and no differences were found
between groups. There were no significant effects of Emo-
tion of the auditory stimulus on P2 latencies.

Regarding the (visual) N2 amplitudes, there was a sig-
nificant effect of the main factor Emotion of the auditory
stimulus, F(1,23) =6.78, p <0.05, with largest N2 ampli-
tudes in the auditory fearful condition (—2.40 uV +0.2),
compared to auditory happy (—1.90 uV =+ 0.3), and no sig-
nificant group interaction. Differences between groups
related to AV interaction effects resulted in the predicted
interaction between the factors Emotion of the auditory
stimulus, 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 -3.02pV+03 vs. Hf
—2.19 uV +0.4), F(1,12) =5.83, p <0.05, but to a signifi-
cant  decrease @ among PDD  individuals (Ff
—1.70 pV +0.3 vs. Hh —2.70 uV +0.4), F(1,11)=8.67,
p <0.05. Auditory happy conditions across both groups
did not significantly differ between congruent and incon-
gruent conditions (see Fig. 2). No significant hemispheric
differences were found, and no significant effects were
found on N2 latencies (mean latency 201.1 ms + 1.1).

4. Discussion

The goal of the present study was to examine ERPs to
emotional faces and voices in high-functioning individuals
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Table 1
MANOVA summary for visual (P1 and N170) and auditory (P2 and N2) ERP peaks
F )4 Results

Visual P1 Emotion . 7.2 *

Emotion ~ Group 1.17 ns Both groups fearful > happy
Visual N170 Emotion _ 8.01 *

Emotion = Group 0.01 ns Both groups fearful > happy
Auditory P2 Emotion . 7.79 **

Emotion = Group 0.01 ns

Emotion = Congruency 0.35 ns Both groups fearful > happy
Auditory N2 Emotion 6.77 *

Emotion = Group 1.67 ns

Congruency . 0.42 ns

Congruenfy Group 5.35

Emotion Congruency Group 4.11 0.054 Group differences in AV congruency
— Ff vs. Hf Congruency . 0.12 ns

Congruency Group 14.3 Group differences in auditory fearful condition
— Ff vs. Hf control group only Congruency 5.83 * Ff > Hf in control group
— Ff vs. Hf PDD group only Congruency 8.67 * Ff < Hf in PDD group
— Hh vs. Fh Congruency 0.36 ns

Congruency Group 0.11 ns No Group differences in auditory happy condition

N2 Group interactions were post hoc analyzed for both auditory conditions separately. Fearful auditory conditions were analyzed for both Groups

separately. “p <0.05. **p <0.01.
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Fig. 2. The top panel depicts mean N2 peaks to congruent Fearful face—
fearful voice (Ff) and incongruent Happy face—fearful voice (Hf) condi-
tions for the control group (left) and the PDD group (right). The bottom
panel shows mean N2 amplitudes (+SE) for both groups to all AV 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).

with PDD and healthy controls. Specifically, we were inter-
ested 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 there-
fore 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 cor-
tex 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).

Second, 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 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 expres-
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sions. These results suggest that individuals with PDD dif-
fer 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 spe-
cific 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 emo-
tional information as well. Using fMRI, Dolan et al.
(2001) and colleagues 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 interac-
tions 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 observed
in the present study may be the electrophysiological cor-
relate of these fMRI findings.

A number of research groups have proposed that PDD
may be characterized by generalized abnormalities of neu-
ral 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 lim-
bic 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 over-
look the possibility that the observed results in the patient
group are due to other causes. Attention, for instance, can
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., 2006). In
the present study attention was equally needed in all condi-
tions through the use of a concurrent gender recognition
task, although we cannot 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) argued that full develop-
ment of MSI depends on adequate sensory input during the
first months of life. Therefore, prospective developmental
studies are needed to establish how early sensory process-
ing is related to MSI in PDD. Also, from the present study
it is not clear whether the results can be generalized to indi-
viduals 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 indi-
viduals without mental retardation, as a result of which
we can conclude that the found effects can be attributed
to PDD only.

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 percep-
tion 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 impor-
tant implications concerning how impairments in emo-
tional 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. This
might be of potential importance for exploring treatment
options in individuals with PDD. Treatment is momentar-
ily primarily based on social features of PDD, while per-
ceptual resources, such as adjustments in stimulus
environment, may also proove to be effective. 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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