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a b s t r a c t

The abilities to recognize and integrate emotions from another person’s facial and vocal expressions are

fundamental cognitive skills involved in the effective regulation of social interactions. Deficits in such

abilities have been suggested as a possible source for certain atypical social behaviors manifested by

persons with autism spectrum disorders (ASD). In the present study, we assessed the recognition and

integration of emotional expressions in ASD using a validated set of ecological stimuli comprised of

dynamic visual and auditory (non-verbal) vocal clips. Autistic participants and typically developing

controls (TD) were asked to discriminate between clips depicting expressions of disgust and fear

presented either visually, auditorily or audio-visually. The group of autistic participants was less

efficient to discriminate emotional expressions across all conditions (unimodal and bimodal). More-

over, they necessitated a higher signal-to-noise ratio for the discrimination of visual or auditory

presentations of disgust versus fear expressions. These results suggest an altered sensitivity to emotion

expressions in this population that is not modality-specific. In addition, the group of autistic

participants benefited from exposure to bimodal information to a lesser extent than did the TD group,

indicative of a decreased multisensory gain in this population. These results are the first to

compellingly demonstrate joint alterations for both the perception and the integration of multisensory

emotion expressions in ASD.

& 2013 Elsevier Ltd. All rights reserved.
1. Introduction

The ability to recognize emotional expressions is a fundamen-
tal cognitive ability for the regulation of interpersonal inter-
actions (Adolph, 2002; Custrini & Feldman, 1989; Izard et al.,
2001). The tone of the voice and the facial expression are two
crucial cues that we constantly use to predict others’ actions and
to react appropriately in a social situation. An important aspect of
affect perception in everyday life is that it usually involves, like
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speech, the activation of several sensory channels simultaneously.
Therefore, the combination of information from facial expression
(visual signal) and prosody (auditory signal) usually results in a
unified and more optimal representation of the expressed emotion
(de Gelder, Bocker, Tuomainen, Hensen, & Vroomen, 1999; de
Gelder & Vroomen, 2000; de Gelder et al., 2005). For example, it
has been shown that the multisensory integration (MSI) of these
two types of information typically allows for faster and more
accurate recognition of emotion expressions in human observers
(Collignon et al., 2008, 2010; de Gelder & Vroomen, 2000; Dolan,
Morris, & de Gelder, 2001; Kreifelts, Ethofer, Grodd, Erb, &
Wildgruber, 2007; Massaro & Egan, 1996) and in human-
machine interfaces (Busso et al., 2004).

Deficits in the perception of emotion expressions have been
suggested as possible causes of atypical social and communicative
interactions that are a striking part of the behavioral phenotype of
autistic spectrum disorders (ASD) (Bachevalier & Loveland, 2006;
Monk et al., 2010; Sigman, Dijamco, Gratier, & Rozga, 2004).
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However, a majority of the empirical investigations in the field
have focused on the facial expression of emotions using static
stimuli such as photographs (Bal et al., 2010), with only a few
studies using video representing dynamic facial movements
(Golan, Baron-Cohen, & Golan, 2008; Loveland, Steinberg,
Pearson, Mansour, & Reddoch, 2008; Loveland et al., 1997). The
former static stimuli have limited ecological validity and neglect
the intrinsic dynamic nature of facial expressions. Indeed, facial
movements have been shown to enrich emotional expression,
contributing to its identification and playing an important role in
the perception of its intensity (Ambadar, Schooler, & Cohn, 2005;
Biele & Grabowska, 2006). Also, neuroimaging studies have
shown that the brain regions involved in the processing of facial
affect, such as the posterior superior temporal sulcus (pSTS), the
amygdala and the insula, respond differently to dynamic
than to static emotional expressions (Haxby, Hoffman, &
Gobbini, 2000, 2002; LaBar, Crupain, Voyvodic, & McCarthy,
2003; Miki, Takeshima, Watanabe, Honda, & Kakigi, 2011). More-
over, only a few studies explored the processing of affective
vocalizations in ASD (Baker, Montgomery, & Abramson, 2010;
Hall, Szechtman, & Nahmias, 2003; Loveland et al., 2008; Wang,
Lee, Sigman, & Dapretto, 2007). In most cases, these studies
included semantic or lexical confounds in the tasks (Lindner &
Rosen, 2006) raising the possibility that the results were influ-
enced by differences in language comprehension (Haviland,
Walker-Andrews, Huffman, Toci, & Alton, 1996; Paul, Augustyn,
Klin, & Volkmar, 2005). Finally, most studies investigating the
recognition of emotions in autistic individuals explored a single
sensory modality at a time, whereas in natural settings, emotions
are expressed both facially and vocally, allowing the combination
of these sources of information by human observers for optimal
recognition (Collignon et al., 2008; de Gelder et al., 1999; de
Gelder & Vroomen, 2000; de Gelder et al., 2005). The use of
multisensory conditions to explore the recognition of emotional
expressions in ASD is of particular interest since differences in
multisensory processing between ASD and typically developing
controls (TD) has recently been demonstrated (Collignon et al.,
2012; Magnee, de Gelder, van Engeland, & Kemner, 2007; 2008;
Russo et al., 2010; Russo, Mottron, Burack, & Jemel, 2012).

An additional challenge associated with the processing of
emotional expressions in natural settings is related to the fact
that the saliency of emotional information in faces and voices is
often reduced by environmental noise. In signal processing, noise
can be considered unwanted data that is not being used to
transmit a signal, but is simply a by-product of other activities.
For example, the voice of an individual can be masked by noise
from other human voices or from objects surrounding him.
Similarly, a person’s facial expression can be partially hidden by
an object or because of the angle in which the observer is
positioned. Therefore, the ability of the observer to extract
efficiently emotional information from noise appears crucial for
effective social interactions and therefore it is relevant to evaluate
the perception of emotional expressions in noisy situations (Pelli
& Farell, 1999). Some studies have suggested that ASD have a
specific difficulty in perceiving speech when presented in a noisy
background compared to TD (Alcantara, Weisblatt, Moore, &
Bolton, 2004; Smith & Bennetto, 2007). To our knowledge, no
study has investigated the perception of visual or auditory
emotional expressions in noise in ASD.

The goal of the present study was therefore to explore the
perception and the integration of emotion expressions in ASD
by using ecological and validated sets of dynamic visual and
non-verbal vocal clips of emotional expressions (Belin, Fillion-
Bilodeau, & Gosselin, 2008; Simon, Craig, Gosselin, Belin, &
Rainville, 2008). Participants were asked to categorize expres-
sions of fear or disgust as quickly and accurately as possible when
presented with auditory, visual and audio–visual stimuli. This
task allowed us to compare recognition and MSI performance of
emotional expressions between ASD and TD. We also compared
unisensory performance of ASD and TD participants by measuring
their ability to discriminate emotional expressions when pre-
sented auditorily and visually in individually adapted levels of
noise. Similar paradigms have been previously successfully used
to demonstrate that the perception of emotional expressions is a
robust multisensory situation which follows rules that have been
observed in other perceptual domains (Collignon et al., 2008) and
to illustrate gender differences in the processing of emotion
expressions (Collignon et al., 2010).
2. Material and methods

2.1. Subjects

Thirty-two autistic participants (30 males; mean age 21 years76; range

14–32 years) and 18 TD controls (18 males; mean age 21 years74; range 15–27

years) participated in this study. Participants were recruited from the database of

the Rivi�ere-des-Prairies Hospital’s autism clinic (Montreal, Canada). ASD partici-

pants were defined using DSM-IV-TR diagnostic criteria, as operationalized by the

Autism Diagnostic Interview – Revised (ADI-R) (Lord, Rutter, & Le Couteur, 1994)

and the Autistic Diagnostic Observation Schedule-Generic (ADOS-G) (Lord et al.,

2000) algorithms. Control participants and their first-degree relatives were

screened with a questionnaire for any history of neurological or psychiatric

disorders. The groups were closely matched in terms of laterality and Weschler

IQ ([Full-scale¼ASD: 105715; TD 11179]; [Performance¼ASD: 102713;

TD 108710]; [Verbal¼ASD: 106716; TD 112711]). All participants had a global

Wechsler score of 80 or more. They all had normal or corrected to normal far and

near vision assessed before testing using near and far Snellen acuity charts. The

ethics board of both the Rivi�ere-des-Prairies Hospital and University of Montreal

approved the study.

Autism lies on a spectrum, and comprises two major subgroups: individuals

with classic autism and those with Asperger’s syndrome. These groups share the

combination of social-communication difficulties, repetitive behaviors and

restricted interests. In classic autism, language development in children is also

delayed and their intelligence level range from intellectual disability to superior

intelligence, while criteria for Asperger excludes cognitive impairment. Following

the DSM-5 decision to adopt a dimensional view of heterogeneity in autism

spectrum, we subsequently merged the subgroups in a common sample of ASD.

However, since previous experiments suggested that classic autism and Asperger’s

syndrome might differ in terms of perceptual abilities (Brochu-Barbeau, Souli�eres,

Dawson, Zeffiro, & Mottron, 2013; Bonnel et al., 2010; Jones et al., 2009), we also

analyzed the data by separating the two subgroups and no significant difference

was observed between them (see supplemental analyses; SFigs. 2–5).

2.2. Stimuli

As in our previous experiments, fear and disgust expressions were used

because, from an evolutionary perspective, these emotions may be more impor-

tant for survival than other basic emotions. Indeed, in the multisensory domain,

Dolan et al. (2001) suggested that the rapid integration across modalities is not as

automatic for happy expressions as it is for fear signals. More specifically, the goal

of fear would be to augment sensory vigilance (Davis & Whalen, 2001) whereas

disgust is associated with sensory rejection (Rozin & Fallon, 1987). Consistent with

this idea, it has been demonstrated that fear enhances sensory acquisition and

perception, whereas disgust dampens it (Susskind et al., 2008), therefore giving

empirical support to the Darwinian hypothesis that some basic emotion expres-

sions may have originated in altering the sensory interface with the physical

world (Darwin, 1972/1998). Furthermore, disgust and fear expressions convey

highly discriminable signals (Belin et al., 2008; Ekman & Friesen, 1976; Simon

et al., 2008; Susskind et al., 2008) and serve as a model to study the existence of

separate neural substrates underlying the processing of individual emotion

expressions (Calder, Lawrence, & Young, 2001).

The visual stimuli used in this study were selected from a standardized set of

dynamic color stimuli of actors and actresses displaying prototypical facial

expressions (Simon et al., 2008). One actor and one actress who best depicts

facial expressions of fear and disgust based on a previous control study (Collignon

et al., 2008) were selected. The facial expressions were ‘‘prototypical’’ and

‘‘natural’’ insofar as they possessed the key features (identified using the Facial

Action Coding System: FACS) identified by Ekman and Friesen (1976) as being

representative of everyday facial expressions (Simon et al., 2008). The same actor

and actress portrayed the two emotions. The selected clips were edited in short

segments of 500 msec with a size of 350�430 pixels using Adobe Premiere and
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Adobe Aftereffect (Adobe Systems Inc., San Jose, US). The clips always started with

a neutral face, which then continuously evolves into full expression (Fig. 1).

The auditory stimuli used were selected from the ‘‘Montreal affective voices’’, a

standardized set of emotional vocal expressions designed for research on auditory

affective processing with the avoidance of potential confound from linguistic

content (Belin et al., 2008). Among this set, we selected fear and disgust

vocalizations portrayed by one actor and one actress producing the stimuli with

the highest level of distinctiveness. Again, each actor portrayed both emotions.

The selected affective interjections were then edited in short meaningful segments

of 500 ms (10 ms sinusoidal rise/fall ramp time) and normalized peak values

(90%) using Adobe Audition 2.0 (Adobe Systems Inc., San Jose, US) (see the

Supplementary material section for further details about the selection of the

stimuli).

2.3. Procedure

Participants sat in a silent and darkened room with their head supported by a

chinrest in front of a computer screen at a viewing distance of 57 cm. Visual

stimuli (width¼101 and height¼12.51 of visual angle) were presented in the

centre of the screen over a constant gray background. Auditory stimuli were

presented binaurally through headphones (Philips HJ030) at a self-adjusted

comfort level.

2.3.1. Task 1: Discrimination of emotional expressions and multisensory integration

Participants were asked to discriminate fear and disgust stimuli presented

auditorily, visually, or audio-visually. The bimodal (audio–visual) stimuli consisted

in the synchronous presentation of visual and auditory clips depicting the same

emotion (e.g. fearful face/fearful voice). Each actor or actress in the visual clips has

been associated with a specific voice, and these pairs remained the same for all

experimental conditions. Participants were asked to respond as quickly and as

accurately as possible in a forced two-choice discrimination paradigm, by pressing

the appropriate keyboard keys with the index (left key) and the middle finger

(right key) of their right hand. The response keys were counterbalanced across

subjects so that for half of the participants the left key corresponded to fear and the

right key to disgust and for the other half the opposite was true. The participants

were presented a total of 120 stimuli randomly interleaved (2 [emotions: fear,

disgust]�2 [actors: 1 actor, 1 actress]�3 [modalities: visual, auditory, audio-

visual]�10 repetitions). These stimuli were displayed in 4 separate blocks of 30

stimuli lasting approximately 10 min. Each stimulus presentation was followed by

a 2000 ms gray background (the response period), and then a central cross

appeared for 500–1500 ms (uniformly distributed random duration) prior to the

next stimulus (Mean ISI 3000 ms; range 2500–3500 ms, uniformly distributed).

2.3.2. Task 2: Signal/noise ratio for auditory and visual emotional expressions

recognition

The participants had to discriminate between fear and disgust stimuli

presented visually or auditorily. They were asked to respond as accurately as

possible, without time constraint, by pressing the appropriate keyboard keys with

the index (left key) and the middle finger (right key) of their right hand. The

response keys were counterbalanced across subjects, so that for half of the

participants the left key corresponded to fear and the right key to disgust and

for the other half the left key corresponded to disgust and the right key to fear.
Fig. 1. Schematic representation of the stimuli. Participants were required to

discriminate between affective expressions of fear and disgust displayed either by

an actress or an actor. Stimuli consisted in video and non-linguistic vocal clips and

were either displayed alone or together (bimodal condition).
Each stimulus presentation lasted until the participant pressed one of the

response keys. The next stimulus appeared immediately after the participant’s

response. After each correct response, white Gaussian noise was randomly added

to the presented audio (sequence of normally distributed random numbers at a

sample rate of 44.1 kHz) or video (Gaussian noise in each of the three color

channels) clips. Similarly, noise was removed from the following stimulus each

time the participant made a wrong choice. This individual adjustment was carried

out using the QUEST adaptive staircase (Watson & Pelli, 1983) implemented in the

Psychtoolbox (Brainard, 1997; Pelli, 1997) for Matlab (The MathWorks, Inc.). The

signal-to-noise ratio of the video and audio clips was adjusted in order to target a

80% accuracy rate in each participant. The participants viewed a total of 320

stimuli (2 [emotions: fear, disgust]�2 [actors: 1 actor, 1 actress]�2 [modalities:

visual, auditory]�40 repetitions). These stimuli were separated in 4 ‘‘visual

blocks’’ each including 40 video clips and 4 ‘‘auditory blocks’’ each comprising

40 audio clips. The blocks were counterbalanced between modalities.
2.4. Data analysis

2.4.1. Task 1

Task accuracy was estimated by the calculation of the d0 sensitivity index

computed following Snodgrass and Corwin (1988). Only latencies of correct

responses were considered in the analysis of reaction times (RTs). In experiments

equally emphasizing accuracy and processing speed, it is, in principle, possible

that each subject (group) may adopt different response strategies, by varying RT

inversely with accuracy (and thus show speed-accuracy trade-off). Therefore,

overall performance (and variance) may best be reflected by a single variable that

simultaneously takes into account speed and accuracy. We recently introduced

the ‘‘speed-accuracy composite score (SACS)’’, which is an extension of the widely

used ‘‘inverse efficiency’’ scores (Townsend & Ashby, 1983), and demonstrated its

utility in investigating between-groups differences in performance (Collignon

et al., 2010). With SACS, in order to attribute the same weight to accuracy and

reaction time (RT) performances across the participants, we normalized the d0 and

the RT scores obtained across all conditions and we subtracted the normalized RTs

from the normalized d0 [Z(d0)�Z(RTs)]. Differences in performance were then

analyzed by submitting the d0 , RTs and SACS to a repeated measures ANOVA.

Based on significant F-values, Bonferroni post-hoc analyses were performed when

appropriate. Percentage of correct responses (HIT) and of false alarms (and related

statistics) are illustrated separately in a supporting figure (Fig. S1).
2.4.2. Multisensory integration

We first calculated separately in each participant the redundancy gain (RG) as

defined by the decrease (in percent) of the mean RT obtained in the multisensory

condition when compared with the mean RT obtained in the best unisensory

condition (Girard, Collignon, & Lepore, 2011). The RG was then submitted to an

independent samples t-test to test for a statistical difference between ASD and TD.

Different explanations have been put forward to account for the observation of the

RG. The most commons are the race and the coactivation models. The race model

proposes that each individual stimulus elicits an independent detection process.

For a given trial, the fastest stimulus determines the observable RT. On average,

the time to detect the fastest of several redundant signals is faster than the

detection time for a single signal. Therefore, the speeding up of reaction time is

attributable to statistical facilitation (Raab, 1962). When the race model’s predic-

tion is violated, the speedup of RTs cannot be attributed to a statistical effect alone

but some kind of coactivation must have occurred. To account for violations

of the race model’s prediction, the coactivation model (Miller, 1982) proposes that

the neural activations of both stimuli combine to induce faster responses. Testing

the race model inequality is widely used as an indirect behavioral measure

of neurophysiological integrative processes underlying RT facilitation (see for

example Girard, Pelland, Lepore, and Collignon (2013); but see Otto and

Mamassian (2012)). To further investigate multisensory integration differences

between ASD and TD, the race model inequality was evaluated (Miller, 1982)

using the RMITest software, which implements the algorithm described at length

in Ulrich, Miller, and Schröter (2007). This procedure involves several steps. First,

cumulative distribution functions (CDFs) of the RT distributions were estimated

for every participant and for each condition (visual, auditory and audio–visual

conditions). Second, the bounding sum of the two CDFs obtained from the two

unimodal conditions (visual and auditory) were computed for each participant.

This measure provided an estimate of the boundary at which the race model is

violated, given by Boole’s inequality. Third, percentile points were determined for

every distribution of RT, including the estimated bound for each participant. In the

present study, the race model inequality was evaluated at the 5th, 15th, 25thy

95th percentile points of the RT distributions. Fourth, for each percentile, mean

RTs from redundant conditions were subtracted from the mean RTs from the

bound. If these scores were above 0, it exceeded the race model prediction and

therefore supported the existence of an integrative process (Miller, 1982; but see

Otto and Mamassian (2012)).
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2.4.3. Task 2

The signal-to-noise ratios, corresponding to the detection thresholds, were

analyzed using a repeated measures ANOVA (2 [groups: ASD, TD; between

subjects factor]�2 [modalities: auditory, visual; within subject factor]). Based

on significant F-values, Bonferroni post-hoc analyses were performed when

appropriate.
Fig. 3. Redundancy gain (in percent; see material and methods) for ASD and TD.

Error bars denote the standard error of the group. The figure illustrates a superior

redundancy gain in TD than in ASD (**: pr .005).
3. Results

In all the analyses presented in the main manuscript, data
obtained for fear and disgust stimuli are collapsed. Results (and
related statistics) obtained for each emotion separately are
presented in Supplementary material (SFigs. 6–8).

3.1. Task 1

For the SACS (Fig. 2A), we observed a main effect of the factor
‘‘group’’ (F(1,48)¼5.27, pr .05, Z2

partial¼ .10), revealing superior
general performance in the TD group compared to the ASD group.
The analysis also yielded a main effect of the factor ‘‘modality’’
(F(2,96)¼31.82, pr .0005, Z2

partial¼ .61). Post-hoc comparisons
demonstrated superior performance with bimodal stimuli com-
pared to visual (pr .0005) and auditory (pr .0005) stimuli alone,
and superior performance with visual stimuli compared to
auditory stimuli (pr .05). A ‘‘modality’’ by ‘‘group’’ interaction
was not evidenced (F(2,96)¼ .082, p¼ .92, Z2

partial¼ .002), suggest-
ing that lower performance in the ASD group was generalized
across stimulus presentation conditions. For d0 scores (Fig. 2B), we
did not observe any significant difference in performance
between TD and ASD (F(1,48) ¼ .21, p¼ .65, Z2

partial¼ .004). How-
ever, we observed a main effect of the factor ‘‘modality’’
(F(1,48)¼12.18, pr .005, Z2

partial¼ .20) with superior performance
for bimodal stimuli compared to auditory (pr .005) but not visual
(p¼ .56) stimuli and no difference between visual and auditory
(p¼ .1) stimuli. There was no interaction between ‘‘group’’
and ‘‘modality’’ factors (F(2,96)¼ .97, p¼ .38, Z2

partial¼ .02). For
RTs (Fig. 2C), we observed a main effect of the factor ‘‘group’’
(F(1,48)¼6.12, pr .05, Z2

partial¼ .11), revealing superior general
performance (faster RTs) in TD compared to ASD. It also yielded a
main effect of the factor ‘‘modality’’ (F(1,48)¼70.66, pr .005,
Z2

partial¼ .60), with superior performance for bimodal stimuli com-
pared to visual (pr .0005) and auditory (pr .0005) stimuli alone
and no difference between visual and auditory (p¼ .32) stimuli.
There was no interaction between ‘‘group’’ and ‘‘modality’’ factors
(F(2,96)¼1.54, p¼ .22, Z2

partial¼ .03).
Fig. 2. Speed-accuracy composite scores ((A) see Material and methods), d0 scores

(B) and mean reaction times (C) for the discrimination of emotional expressions

presented auditorily, visually and audio-visually in ASD and TD. In all the figures,

error bars denote the standard error of the group.
3.2. Multisensory integration

Although ASD (t(31)¼4.73, pr .001, Z2
¼ .42) and TD (t(17)¼

9.43, pr .001, Z2
¼ .84) showed a reliable RG, there was a superior

multisensory gain in the TD group compared to the ASD group
(t(48)¼�3.21, pr .005, Z2

¼ .18) (Fig. 3). To further test for
differences in multisensory integration abilities in ASD and TD,
we used a one-sampled t-test against ‘0’ in order to investigate
whether the positive difference between the redundant condition
and the probabilistic bound was significant (meaning a violation
of the race model prediction) in TD and ASD. For TD, the
difference was significant for the fastest 5th percentiles of the
RTs distribution (t(17)¼2.1, pr .05, Z2

¼ .21) whereas for ASD, no
violation of the race model inequality was found (t(31)¼ .44,
p¼ .66, Z2

¼ .01) (Fig. 4).
Fig. 4. Race model inequality. Test for violation of the race model inequality

(Miller, 1982; Ulrich, Miller & Schröter, 2007). The graph represents the difference

in milliseconds (on the Y axis) between the model prediction computed from the

RTs of each unisensory counterpart (the model bound) and the RTs obtained in the

redundant conditions. Positive values on the graph refer to RTs that were faster

than the race model prediction. Negative values on the graph refer to RTs that

were slower than the race model prediction. The difference between the bound

and the RTs of the redundant condition are computed for each percentile of the RT

distribution (on the X axis). For TD, the difference significantly exceeded the race

model inequality for the 5th percentiles of the RTs distribution. For ASD, no

violation of the race model inequality was found (*: pr .05).



Fig. 5. Signal-to-noise ratio for an 80% accuracy rate in the discrimination of

emotional expressions presented auditorily and visually in ASD and TD. This

graphic illustrates the main effect of the factor ‘‘group’’, suggesting inferior

detection thresholds in TD than ASD for both modalities (*: pr .05).
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3.3. Task 2

We observed a main effect of the factor ‘‘group’’ (F(1,48)¼3.93,
pr .05, Z2

partial¼ .08), with lower detection thresholds for the TD
group. There was also a main effect for the factor ‘‘modality’’
(F(1,48)¼159.58, pr .0005, Z2

partial¼ .77), with lower detection
thresholds for visual than for auditory stimuli (Fig. 5). A ‘‘mod-
ality’’ by ‘‘group’’ interaction was not found (F(1,48)¼1.54, p¼ .22,
Z2

partial¼ .003), suggesting lower detection thresholds in the TD
group for both visual and auditory modalities.
4. Discussion

Alterations in the ability to recognize emotional expressions in
ASD is often suggested as a possible source for certain atypical
social and communicative behaviors that characterize this popu-
lation. The first aim of this study was to empirically test this
hypothesis by exploring the perception of emotion in autistic
individuals using ecological and validated sets of dynamic visual
and non-verbal vocal clips of emotional expressions. We found a
decreased performance in ASD compared to TD for the recogni-
tion of emotion expressions in every condition of stimulus
presentation (auditory, visual, bimodal; see Fig. 2). These results
suggest the existence of a generalized alteration in the perception
of emotion expressions in ASD that is apparent in different
sensory channels. Group differences are mainly (but not only)
noticeable in their response speed (Fig. 2C). Perceptual decisions
involve the accumulation of sensory evidence over time, a process
that is corrupted by noise (Gold & Shadlen, 2007). The basic
principle is that noisy evidence for a sensory signal is accumu-
lated over time until a criterion is reached and a decision is made
(Bogacz, Wagenmakers, Forstmann, & Nieuwenhuis, 2010). It is
possible that auditory and visual estimates of emotional expres-
sions are noisier in ASD leading to the necessity to accumulate
more evidence before taking a perceptual decision on the emo-
tional expression displayed. This is partly supported by the
observation that ASD also necessitate a higher signal-to-noise
ratio than TD for the recognition of unimodal auditory and visual
emotion expressions in noise. Pellicano and Burr (2012) recently
relied on a Bayesian framework to suggest that altered autistic
perception might result from attenuated priors resulting in fewer
internal constraints on perception (hypo-priors). The authors
suggested that hypo-priors in ASD should impede/improve per-
formance in situations where priors help/bias perceptual
decisions, respectively. It might therefore be hypothesized that
in the context of the discrimination of emotion expressions,
individuals with ASD might lack priors that typically improve
the efficiency of perceptual computations by reducing overall
noise or error (e.g. this mouth’s shape means this expression).
Overall, this impairment in the extraction of meaningful emo-
tional information might be related to the prominent atypical
behavior of ASD in social contexts, by preventing them from
engaging in ‘expected’ behaviors, such as quickly and efficiently
adjusting to a particular theme in a conversation conveyed by the
facial or vocal emotional information originating from the expres-
sion of the interlocutor, particularly in situation when the
environment is noisy. Our experiment however focused on a
subset of emotional expressions, which do not preclude the
possibility that the results might be different with other emo-
tional expressions (e.g. happiness, anger). Also, because the
present study does not indicate what specific features of the
facial and vocal expressions are processed abnormally in ASD
during the perception of emotion expression (i.e. changes in the
shapes of the eyes for facial expressions or changes in the pitch of
the voice for vocal expressions), further research is needed to
investigate in more details which are the specific underlying
mechanisms of this impairment (Neumann, Spezio, Piven, &
Adolphs, 2006; Spezio, Adolphs, Hurley, & Piven, 2007; Song,
Kawabe, Hakoda, & Du, 2012).

Our results agree with previous studies pointing toward
inferior performance by ASD for the recognition of emotional
expressions. Deficits in the recognition of visual emotional
expressions were previously found in ASD (Celani, Battacchi, &
Arcidiacono, 1999; Kuusikko et al., 2009; Pelphrey et al., 2002;
Teunisse & de Gelder, 2001). It was also demonstrated that ASD
were markedly impaired in selecting the appropriated facial
expression of emotions associated with a vocalization (Hobson,
1986a, 1986b). In addition, ASD were found to have lower
performance than TD when asked to match faces on the basis of
emotional expressions (Hobson, Ouston, & Lee, 1988), and were
shown to be much better for matching corresponding objects
than facial expressions (Braverman, Fein, Lucci, & Waterhouse,
1989). These results are also consistent with a recent study by
Hubert, Wicker, Monfardini, and Deruelle (2009) measuring
electro-dermal response during perception of emotional expres-
sions in ASD. The authors found that autistic persons, unlike TD,
do not present any variation of the skin conductance response
(SCR) when presented with facial emotional expressions. Because
of the important role of the amygdala in the modulation of
autonomic response (Bagshaw & Benzies, 1968; Lang, Tuovinen,
& Valleala, 1964; Mangina & Beuzeron-Mangina, 1996) and in the
processing of emotions expressions (Adolph, 2002; Critchley
et al., 2000; LeDoux, 2000), Hubert et al. (2009) attributed their
results to a putative dysfunction of this brain region in ASD. This
hypothesis is coherent with several studies that have reported
structural, functional and connectivity alterations of the amyg-
dala in ASD (Baron-Cohen et al., 1999; Corbett et al., 2009;
Critchley et al., 2000; Kleinhans et al., 2008; Monk et al., 2010;
Munson et al., 2006; Murphy et al., 2012; Nacewicz et al., 2006;
Pelphrey, Morris, McCarthy, & Labar, 2007; Schumann, Barnes,
Lord, & Courchesne, 2009; Schumann et al., 2004; Shalom, 2009;
Stanfield et al., 2008; Weng et al., 2011). Such alteration in the
function of the amygdala may also, at least in part, explain the
generalized (amodal) deficit observed in ASD in the current study,
since this core brain structure in affective processing receives
input from all sensory modalities (LeDoux, 2007; Macdonald,
1998) and has been demonstrated to be involved in the proces-
sing of both visual (Costafreda, Brammer, David, & Fu, 2008) and
auditory (Fecteau, Belin, Joanette, & Armony, 2007) emotional
expressions. This hypothesis of a general alteration in the
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processing of emotional expressions may also relate to the
observation that individuals with ASD show reduced processing
of affective meaning of actions (Grezes, Wicker, Berthoz, & de
Gelder, 2009) and body postures (Hadjikhani et al., 2009).

Aside from atypicalities in emotional brain centers, some
neuroimaging studies in ASD also showed alterations in
sensory-specific brain regions dedicated to the processing of facial
or vocal information. For example, a reduction of activity of the
fusiform face area (FFA) has been found in ASD during the
discrimination of different faces (Critchley et al., 2000; Hubl
et al., 2003; Pierce, Muller, Ambrose, Allen, & Courchesne, 2001;
Schultz, 2005). However, a recent meta-analysis (Samson,
Mottron, Soulieres, & Zeffiro, 2012) suggested that these results
depend on particular task characteristics and are not explained by
a generalized disruption of the mechanisms of the fusiform
gyrus or by a reduced face expertise (Hadjikhani et al., 2004;
Hadjikhani, Joseph, Snyder, & Tager-Flusberg, 2007; Pierce, Haist,
Sedaghat, & Courchesne, 2004). It has also been hypothesized that
this hypoactivation of FFA results from diminished gaze fixation
during face processing in autism (Dalton et al., 2005) or from a
slight displacement of the face activation region (Scherf, Luna,
Minshew, & Behrmann, 2010). A study involving only five ASD
individuals has also suggested that ASD failed to activate superior
temporal sulcus (STS), a voice-selective region, in response to
vocal sounds, whereas a normal pattern of brain activation is
present in response to non-vocal sounds (Gervais et al., 2004).
Altogether, these results suggest atypical cortical processing of
socially relevant visual and auditory information in ASD and again
may be related to our observation of a generalized alteration in
the processing of emotional expression irrespective of the sensory
modality conveying such information.

One might wonder if the alteration observed here for the
discrimination of emotional expressions reflect a general deficit in
the processing of any sensory/perceptual information in ASD.
Previous results from our team and from several other groups
strongly argue against such interpretation. Brochu-Barbeau et al.
(2013) recently suggested that when ASD are matched with
control participants on the basis of Weschler scores (like here),
this might result in the ASD being superior in various perceptual
domains. Actually, several participants from the present study
were enrolled in a recent experiment demonstrating faster visual-
search abilities in ASD, despite reduced multisensory integration
(Collignon et al., 2012). Therefore, such dissociation between the
presence (in comparison with a Wechsler matched control group)
of diminished processing of social information and preserved or
even enhanced processing of non-social stimuli (Bertone,
Mottron, Jelenic, & Faubert, 2005; Caron, Mottron, Berthiaume,
& Dawson, 2006), which is especially evident for visuo-spatial
processing (Collignon et al., 2012; Jolliffe & Baron-Cohen, 1997;
Joseph, Keehn, Connolly, Wolfe, & Horowitz, 2009; O’Riordan,
Plaisted, Driver, & Baron-Cohen, 2001; Pellicano, Gibson,
Maybery, Durkin, & Badcock, 2005; Shah & Frith, 1983) and for
pitch perception (Bonnel et al., 2010; Jones et al., 2009), may
represent a behavioral marker for ASD and may explain the
classical observation of an avoidance of socially complex environ-
ment concomitant with an enhanced investment in restricted
domain of expertise in ASD.

It is worth noting here that all the participants of the current
study were late adolescents and young adults, between 15 and 27
years. Many studies suggested an improvement in emotional
recognition during the course of development in TD and ASD
children (Lindner & Rosen, 2006; Wright et al., 2008). Moreover,
Smith, Montagne, Perrett, Gill and Gallagher (2010) reported a
significant relationship between age and accuracy at identifying
the emotional expression of disgust in ASD. A meta-analysis by
Stanfield et al. (2008) also demonstrated that as age increased the
volume difference of the amygdala between ASD and TD
decreased. Therefore, it would be interesting to carry out further
research to investigate whether differences in the perception of
multisensory emotion expressions between ASD and TD are
amplified during childhood and reduced in older adults.

The second main objective of the present experiment was to
investigate the ability to integrate audio–visual emotional expres-
sions in ASD. The results obtained in the present study support
our previous findings (Collignon et al., 2008, 2010) by showing
that the information from the visual and auditory sensory
modalities interact to produce a redundancy gain, which is
expressed by a significant reduction in RTs in the bimodal
condition when compared to the best modality. However, even
if a RG was found in both groups, it was reduced in the ASD
compared to TD group. Consistently with previous studies
(Collignon et al., 2008, 2010), we found that in TD, for the fastest
latencies (percentiles) of the RT distributions, the RT probability
in the bimodal condition exceeded the probabilistic sum of the RT
observed in the auditory or visual unisensory conditions, suggest-
ing that signal integration occurred (Fig. 4; Miller, 1982; but see
Otto and Mamassian (2012)). This was however not observed in
ASD. These results therefore indicate that in addition to a general
alteration in the recognition of emotions, individuals with ASD
also present altered ability to integrate separate sensory repre-
sentations of the emotional expressions. It is important here to
understand that this result is not a direct outcome of the
unimodal inferiority in ASD. In contrast, according to the ‘‘inverse
effectiveness’’ principle, a basic concept in multisensory integra-
tion stating that the multisensory gain is inversely proportional to
the saliency of unisensory signals (Stein & Meredith, 1993), one
may have predicted greater integration in ASD on the basis of
their inferior performance in unisensory conditions. We therefore
postulate that ASD might present a specific alteration in the
integration of socially-contingent information coming from sepa-
rate auditory and visual modalities.

Because the combination of multiple sensory inputs into a
single percept requires the integration of different sensory areas
of the brain, the reduced MSI in ASD is coherent with models
suggesting reduced communication between functionally specia-
lized brain regions (Belmonte et al., 2004; Brock, Brown, Boucher,
& Rippon, 2002; Liu, Cherkassky, Minshew, & Just, 2011; Rippon,
Brock, Brown, & Boucher, 2007; Schipul, Keller, & Just, 2011), as
exemplified by altered anatomical and functional inter-regional
connectivity (Cherkassky, Kana, Keller, & Just, 2006; Thomas,
Humphreys, Jung, Minshew, & Behrmann, 2011; Weinstein
et al., 2011). Supporting this hypothesis, Hall et al. (2003) found
a decrease in the activity of the right fusiform region and a
reduced frontal activation in ASD when congruent prosodic
content was added to emotional facial stimuli. Also, an electro-
encephalographic study, measuring event related potentials
(ERPs) in response to cross-modal presentation of emotional
expressions in ASD, suggested impaired functional connectivity
between the fusiform gyrus and STS, which is involved in MSI
(Magnée, de Gelder, van Engeland, & Kemner, 2008). Finally,
several evoked potential studies have demonstrated that
ASD present delayed latencies of the N170 face-sensitive compo-
nent to faces compared to TD (McPartland, Dawson, Webb,
Panagiotides, & Carver, 2004; O’Connor, Hamm, & Kirk, 2005).
This delay in processing facial information during social inter-
actions could lead to an inaccurate association between facial
expressions and the auditory information coming from a person’s
voice (O’Connor, 2007).

Interestingly, MSI deficit in ASD does not appear to be selective
to complex social stimuli. In a recent study, we showed that ASD
do not benefit from the presence of a typically advantageous
temporally relevant tone during a complex visual search task
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(Collignon et al., 2012). Along the same lines, a recent electro-
encephalographic study demonstrated that ASD children do not
automatically combine sensory inputs early in the processing
hierarchy as efficiently as TD individuals (Russo et al., 2010; but
see Russo et al. (2012)). Also, Brandwein et al. (2012) recorded
high-density electrophysiology during a simple audio–visual task
and showed reduced behavioral facilitation and altered early
neurophysiological processing of multisensory stimuli in children
with ASD when compared to TD. Reduced MSI abilities might
therefore be grounded on impairments in neural communication
across distant brain systems that generalize across cognitive
domains (i.e. social versus non-social).

Previous studies reported that persons with classic autism
(AUT) and Asperger’s syndrome (ASP), two sub-populations in the
broad ASD, might differ in terms of perceptual skills (Bonnel et al.,
2010; Mazefsky & Oswald, 2007; Rinehart, Bradshaw, Moss,
Brereton, & Tonge, 2000; Sahyoun, Soulieres, Belliveau, Mottron,
& Mody, 2009). As individuals with AUT have developmental
communication/language impairments whereas persons with ASP
do not exhibit language delay or disruption during development
(see Section 2.1), one might have expected that AUT might be
associated with more detrimental effects when perceiving emo-
tions (Mazefsky & Oswald, 2007). Interestingly, we did not find
any significant differences between the AUT and ASP sub-groups
for the perception and MSI of emotion expressions (see SFigs.
2–5). In contrast, our results suggest that the history of language
development in the ASD population has no significant impact on
the atypical perception of emotional expressions observed in this
population.

In conclusion, the data presented here provides strong evi-
dence that alterations in the processing of emotion expressions is
a prominent perceptual feature of ASD and that such disruption is
not associated to a specific sensory modality. This difficulty is
manifested during the perception of visual and auditory emo-
tional expressions and suggests noisier amodal perceptual esti-
mates of emotional expressions in ASD. Finally, these results
compellingly demonstrate joint alteration in the perception and
the integration of multisensory emotion expression in ASD.
Acknowledgments

This research was supported in part by the Canada Research
Chair Program (ML, FL), the Canadian Institutes of Health
Research (AB, ML, FL, GC), the Natural Sciences and Engineering
Research Council of Canada (ML, FL) and the research centre of the
University Hospital Sainte-Justine (OC). The authors would like to
thank Patricia Jelenic for her help with participant recruitment
and selection.
Appendix A. Supporting information

Supplementary data associated with this article can be found
in the online version at http://dx.doi.org/10.1016/j.neuropsycho
logia.2013.02.009.
References

Adolphs, R. (2002). Recognizing emotion from facial expressions: Psychological
and neurological mechanisms. Behavioral and Cognitive Neuroscience Reviews,
1(1), 21–62.

Alcantara, J. I., Weisblatt, E. J., Moore, B. C., & Bolton, P. F. (2004). Speech-in-noise
perception in high-functioning individuals with autism or Asperger’s
syndrome. The Journal of Child Psychology and Psychiatry, 45(6), 1107–1114.
Ambadar, Z., Schooler, J. W., & Cohn, J. F. (2005). Deciphering the enigmatic face:
the importance of facial dynamics in interpreting subtle facial expressions.
Psychological Science, 16(5), 403–410.

Bachevalier, J., & Loveland, K. A. (2006). The orbitofrontal-amygdala circuit and
self-regulation of social–emotional behavior in autism. Neuroscience and
Biobehavioral Reviews, 30(1), 97–117.

Bagshaw, M. H., & Benzies, S. (1968). Multiple measures of the orienting reaction
and their dissociation after amygdalectomy in monkeys. Experimental Neurol-
ogy, 20(2), 175–187.

Baker, K. F., Montgomery, A. A., & Abramson, R. (2010). Brief report: Perception and
lateralization of spoken emotion by youths with high-functioning forms of
autism. Journal of Autism and Developmental Disorders, 40(1), 123–129.

Bal, E., Harden, E., Lamb, D., Van Hecke, A. V., Denver, J. W., & Porges, S. W. (2010).
Emotion recognition in children with autism spectrum disorders: Relations to
eye gaze and autonomic state. Journal of Autism and Developmental Disorders,
40(3), 358–370.

Brochu-Barbeau, E., Souli�eres, I., Dawson, M., Zeffiro, T. A., & Mottron, L. (2013).
The level and nature of autistic intelligence III: Inspection time. Journal of
Abnormal Psychology, 122(1), 295–301.

Baron-Cohen, S., Ring, H. A., Wheelwright, S., Bullmore, E. T., Brammer, M. J.,
Simmons, A., et al. (1999). Social intelligence in the normal and autistic brain:
an fMRI study. European Journal of Neuroscience, 11(6), 1891–1898.

Belin, P., Fillion-Bilodeau, S., & Gosselin, F. (2008). The montreal affective voices: A
validated set of nonverbal affect bursts for research on auditory affective
processing. Behavior Research Methods, 40(2), 531–539.

Belmonte, M. K., Allen, G., Beckel-Mitchener, A., Boulanger, L. M., Carper, R. A., &
Webb, S. J. (2004). Autism and abnormal development of brain connectivity.
The Journal of Neuroscience, 24(42), 9228–9231.

Bertone, A., Mottron, L., Jelenic, P., & Faubert, J. (2005). Enhanced and diminished
visuo-spatial information processing in autism depends on stimulus complex-
ity. Brain, 128(Pt 10), 2430–2441.

Biele, C., & Grabowska, A. (2006). Sex differences in perception of emotion
intensity in dynamic and static facial expressions. Experimental Brain Research,
171(1), 1–6.

Bogacz, R., Wagenmakers, E. J., Forstmann, B. U., & Nieuwenhuis, S. (2010). The
neural basis of the speed-accuracy tradeoff. Trends in Neurosciences, 33, 10–16.

Bonnel, A., McAdams, S., Smith, B., Berthiaume, C., Bertone, A., Ciocca, V., et al.
(2010). Enhanced pure-tone pitch discrimination among persons with autism
but not Asperger syndrome. Neuropsychologia, 48(9), 2465–2475.

Brainard, D. H. (1997). The Psychophysics Toolbox. Spatial Vision, 10(4), 433–436.
Brandwein, A. B., Foxe, J. J., Butler, J. S., Russo, N. N., Altschuler, T. S., Gomes, H.,

et al. (2012). The development of multisensory integration in high-functioning
autism: high-density electrical mapping and psychophysical measures reveal
impairments in the processing of audiovisual inputs. Cerebral Cortex

Braverman, M., Fein, D., Lucci, D., & Waterhouse, L. (1989). Affect comprehension
in children with pervasive developmental disorders. Journal of Autism and
Developmental Disorders, 19(2), 301–316.

Brock, J., Brown, C., Boucher, J., & Rippon, G. (2002). The temporal binding deficit
hypothesis of autism. Development and Psychopathology, 142, 209–224.

Busso, C., Deng, Z., Yildirim, S., Bulut, M., Lee, C. M., Kazemzadeh, A., et al., 2004.
Analysis of emotion recognition using facial expressions, speech and multi-
modal information. In: Proceedings of the 6th international conference on
Multimodal interfaces (pp. 205–211).

Calder, A. J., Lawrence, A. D., & Young, A. W. (2001). Neuropsychology of fear and
loathing. Nature Reviews Neuroscience, 2(5), 352–363.

Caron, M. J., Mottron, L., Berthiaume, C., & Dawson, M. (2006). Cognitive mechan-
isms, specificity and neural underpinnings of visuospatial peaks in autism.
Brain, 129(Pt 7), 1789–1802.

Celani, G., Battacchi, M. W., & Arcidiacono, L. (1999). The understanding of the
emotional meaning of facial expressions in people with autism. Journal of
Autism and Developmental Disorders, 29(1), 57–66.

Cherkassky, V. L., Kana, R. K., Keller, T. A., & Just, M. A. (2006). Functional
connectivity in a baseline resting-state network in autism. NeuroReport, 17,
1687–1690.

Collignon, O., Charbonneau, G., Peters, F., Nassim, M., Lassonde, M., Lepore, F., et al.
(2012). Reduced multisensory facilitation in persons with autism. Cortex

Collignon, O., Girard, S., Gosselin, F., Roy, S., Saint-Amour, D., Lassonde, M., et al.
(2008). Audio–visual integration of emotion expression. Brain Research, 1242,
126–135.

Collignon, O., Girard, S., Gosselin, F., Saint-Amour, D., Lepore, F., & Lassonde, M.
(2010). Women process multisensory emotion expressions more efficiently
than men. Neuropsychologia, 48(1), 220–225.

Corbett, B. A., Carmean, V., Ravizza, S., Wendelken, C., Henry, M. L., Carter, C., et al.
(2009). A functional and structural study of emotion and face processing in
children with autism. Psychiatry Research, 173(3), 196–205.

Costafreda, S. G., Brammer, M. J., David, A. S., & Fu, C. H. (2008). Predictors of
amygdala activation during the processing of emotional stimuli: a meta-
analysis of 385 PET and fMRI studies. Brain Research Reviews, 58(1), 57–70.

Critchley, H. D., Daly, E. M., Bullmore, E. T., Williams, S. C., Van Amelsvoort, T.,
Robertson, D. M., et al. (2000). The functional neuroanatomy of social
behaviour: Changes in cerebral blood flow when people with autistic disorder
process facial expressions. Brain, 123(Pt 11), 2203–2212.

Custrini, R. J., & Feldman, R. S. (1989). Children’s social competence and nonverbal
encoding and decoding of emotions. Journal of Clinical Child Psychology, 18,
336–342.

http://dx.doi.org/10.1016/j.neuropsychologia.2013.02.009
http://dx.doi.org/10.1016/j.neuropsychologia.2013.02.009


G. Charbonneau et al. / Neuropsychologia 51 (2013) 1002–1010 1009
Dalton, K. M., Nacewicz, B. M., Johnstone, T., Schaefer, H. S., Gernsbacher, M. A.,
Goldsmith, H. H., et al. (2005). Gaze fixation and the neural circuitry of face
processing in autism. Nature Neuroscience, 8, 519–526.

Darwin, C. (1972/1998). The expression of the emotions in man and animals. Oxford
University Press.

Davis, M., & Whalen, P. J. (2001). The amygdala: vigilance and emotion. Molecular
Psychiatry, 6(1), 13–34.

de Gelder, B., Bocker, K. B., Tuomainen, J., Hensen, M., & Vroomen, J. (1999). The
combined perception of emotion from voice and face: early interaction
revealed by human electric brain responses. Neuroscience Letters, 260(2),
133–136.

de Gelder, B., & Vroomen, J. (2000). The perception of emotions by ear and eye.
Cognition and Emotion, 14, 289–311.

de Gelder, B., Vroomen, J., de Jong, S. J., Masthoff, E. D., Trompenaars, F. J., &
Hodiamont, P. (2005). Multisensory integration of emotional faces and voices
in schizophrenics. Schizophrenia Research, 72(2–3), 195–203.

Dolan, R. J., Morris, J. S., & de Gelder, B. (2001). Crossmodal binding of fear in voice
and face. Proceedings of the National Academy of Sciences USA, 98(17),
10006–10010.

Ekman, P., & Friesen, W. V. (1976). Pictures of facial affect. Palo Alto (CA):
Consulting Psychologist Press.

Fecteau, S., Belin, P., Joanette, Y., & Armony, J. L. (2007). Amygdala responses to
nonlinguistic emotional vocalizations. Neuroimage, 36(2), 480–487.

Gervais, H., Belin, P., Boddaert, N., Leboyer, M., Coez, A., Sfaello, I., et al. (2004).
Abnormal cortical voice processing in autism. Nature Neuroscience, 7(8),
801–802.

Girard, S., Collignon, O., & Lepore, F. (2011). Multisensory gain within and across
hemispaces in simple and choice reaction time paradigms. Experimental Brain
Research, 214(1), 1–8.

Girard, S., Pelland, M., Lepore, F., & Collignon, O. (2013). Impact of the spatial
congruence of redundant targets on within-modal and cross-modal integra-
tion. Experimental Brain Research, 224(2), 275–285.

Golan, O., Baron-Cohen, S., & Golan, Y. (2008). The ‘Reading the Mind in Films’ Task
[child version]: Complex emotion and mental state recognition in children
with and without autism spectrum conditions. Journal of Autism and Develop-
mental Disorders, 38(8), 1534–1541.

Gold, J. I., & Shadlen, M. N. (2007). The neural basis of decision making. Annual
Review of Neuroscience, 30, 535–574.

Grezes, J., Wicker, B., Berthoz, S., & de Gelder, B. (2009). A failure to grasp the
affective meaning of actions in autism spectrum disorder subjects. Neuro-
psychologia, 47(8–9), 1816–1825.

Hadjikhani, N., Joseph, R. M., Manoach, D. S., Naik, P., Snyder, J., Dominick, K., et al.
(2009). Body expressions of emotion do not trigger fear contagion in autism
spectrum disorder. Social Cognitive and Affective Neuroscience, 4(1), 70–78.

Hadjikhani, N., Joseph, R. M., Snyder, J., Chabris, C. F., Clark, J., Steele, S., et al.
(2004). Activation of the fusiform gyrus when individuals with autism
spectrum disorder view faces. Neuroimage, 22(3), 1141–1150.

Hadjikhani, N., Joseph, R. M., Snyder, J., & Tager-Flusberg, H. (2007). Abnormal
activation of the social brain during face perception in autism. Human Brain
Mapping, 28(5), 441–449.

Hall, G. B., Szechtman, H., & Nahmias, C. (2003). Enhanced salience and emotion
recognition in Autism: A PET study. The American Journal of Psychiatry, 160(8),
1439–1441.

Haviland, J., Walker-Andrews, A., Huffman, L., Toci, L., & Alton, K. (1996).
Intermodal perception of emotional expressions by children with autism.
Journal of Developmental and Physical Disabilities, 8(1), 77–78.

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2000). The distributed human neural
system for face perception. Trends in Cognitive Sciences, 4(6), 223–233.

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2002). Human neural systems for face
recognition and social communication. Biological Psychiatry, 51(1), 59–67.

Hobson, R. P. (1986a). The autistic child’s appraisal of expressions of emotion. The
Journal of Child Psychology and Psychiatry, 27(3), 321–342.

Hobson, R. P. (1986b). The autistic child’s appraisal of expressions of emotion:
A further study. The Journal of Child Psychology and Psychiatry, 27(5), 671–680.

Hobson, R. P., Ouston, J., & Lee, A. (1988). What’s in a face? The case of autism.
British Journal of Psychology, 79(Pt 4), 441–453.

Hubert, B. E., Wicker, B., Monfardini, E., & Deruelle, C. (2009). Electrodermal
reactivity to emotion processing in adults with autistic spectrum disorders.
Autism, 13(1), 9–19.

Hubl, D., Bolte, S., Feineis-Matthews, S., Lanfermann, H., Federspiel, A., Strik, W.,
et al. (2003). Functional imbalance of visual pathways indicates alternative
face processing strategies in autism. Neurology, 61(9), 1232–1237.

Izard, C., Fine, S., Schultz, D., Mostow, A., Ackerman, B., & Youngstrom, E. (2001).
Emotion knowledge as a predictor of social behavior and academic compe-
tence in children at risk. Psychological Science, 12(1), 18–23.

Jolliffe, T., & Baron-Cohen, S. (1997). Are people with autism and Asperger
syndrome faster than normal on the Embedded Figures Test? The Journal of
Child Psychology and Psychiatry, 38(5), 527–534.

Jones, C. R., Happe, F., Baird, G., Simonoff, E., Marsden, A. J., Tregay, J., et al. (2009).
Auditory discrimination and auditory sensory behaviors in autism spectrum
disorders. Neuropsychologia, 47(13), 2850–2858.

Joseph, R. M., Keehn, B., Connolly, C., Wolfe, J. M., & Horowitz, T. S. (2009). Why is
visual search superior in autism spectrum disorder? Developmental Science,
12(6), 1083–1096.
Kleinhans, N. M., Richards, T., Sterling, L., Stegbauer, K. C., Mahurin, R., Johnson, L.
C., et al. (2008). Abnormal functional connectivity in autism spectrum
disorders during face processing. Brain, 131(Pt 4), 1000–1012.

Kreifelts, B., Ethofer, T., Grodd, W., Erb, M., & Wildgruber, D. (2007). Audiovisual
integration of emotional signals in voice and face: An event-related fMRI
study. NeuroImage, 37, 1445–1456.

Kuusikko, S., Haapsamo, H., Jansson-Verkasalo, E., Hurtig, T., Mattila, M. L., Ebeling,
H., et al. (2009). Emotion recognition in children and adolescents with autism
spectrum disorders. Journal of Autism and Developmental Disorders, 39(6),
938–945.

LaBar, K. S., Crupain, M. J., Voyvodic, J. T., & McCarthy, G. (2003). Dynamic
perception of facial affect and identity in the human brain. Cerebral Cortex,
13(10), 1023–1033.

Lang, H., Tuovinen, T., & Valleala, P. (1964). Amygdaloid after discharge and
galvanic skin response. Electroencephalography and Clinical Neurophysiology, 16,
366–374.

LeDoux, J. (2007). The amygdala. Current Biology, 17(20), R868–R874.
LeDoux, J. E. (2000). Emotion circuits in the brain. Annual Review of Neuroscience,

23, 155–184.
Lindner, J. L., & Rosen, L. A. (2006). Decoding of emotion through facial expression,

prosody and verbal content in children and adolescents with Asperger’s
syndrome. Journal of Autism and Developmental Disorders, 36(6), 769–777.

Liu, Y., Cherkassky, V. L., Minshew, N. J., & Just, M. A. (2011). Autonomy of lower-
level perception from global processing in autism: Evidence from brain
activation and functional connectivity. Neuropsychologia, 49(7), 2105–2111.

Lord, C., Risi, S., Lambrecht, L., Cook, E. H., Jr., Leventhal, B. L., DiLavore, P. C., et al.
(2000). The autism diagnostic observation schedule-generic: A standard
measure of social and communication deficits associated with the spectrum
of autism. Journal of Autism and Developmental Disorders, 30(3), 205–223.

Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism diagnostic interview-revised:
A revised version of a diagnostic interview for caregivers of individuals with
possible pervasive developmental disorders. Journal of Autism and Develop-
mental Disorders, 24(5), 659–685.

Loveland, K. A., Steinberg, J. L., Pearson, D. A., Mansour, R., & Reddoch, S. (2008).
Judgments of auditory–visual affective congruence in adolescents with and
without autism: A pilot study of a new task using fMRI. Perceptual and Motor
Skills, 107(2), 557–575.

Loveland, K. A., Tunali-Kotoski, B., Chen, Y. R., Ortegon, J., Pearson, D. A., Brelsford,
K. A., et al. (1997). Emotion recognition in autism: Verbal and nonverbal
information. Development and Psychopathology, 9(3), 579–593.

Macdonald, A. J. (1998). Cortical pathways to the mammalian amygdala. Progress
in Neurobiology, 55, 257–332.

Magnee, M. J., de Gelder, B., van Engeland, H., & Kemner, C. (2007). Facial
electromyographic responses to emotional information from faces and voices
in individuals with pervasive developmental disorder. The Journal of Child
Psychology and Psychiatry, 48(11), 1122–1130.

Magnée, M. J. C. M., de Gelder, B., van Engeland, H. V., & Kemner, C. (2008).
Atypical processing of fearful face-voice pairs in Pervasive Developmental
Disorder: An ERP study. Clinical Neurophysiology, 119, 2004–2010.

Mangina, C. A., & Beuzeron-Mangina, J. H. (1996). Direct electrical stimulation of
specific human brain structures and bilateral electrodermal activity. Interna-
tional Journal of Psychophysiology, 22(1–2), 1–8.

Massaro, D. W., & Egan, P. B. (1996). Perceiving affect from the voice and the face.
Psychonomic Bulletin and Review, 3, 215–221.

Mazefsky, C. A., & Oswald, D. P. (2007). Emotion perception in Asperger’s
syndrome and high-functioning autism: The importance of diagnostic criteria
and cue intensity. Journal of Autism and Developmental Disorders, 37(6),
1086–1095.

McPartland, J., Dawson, G., Webb, S. J., Panagiotides, H., & Carver, L. J. (2004).
Event-related brain potentials reveal anomalies in temporal processing of
faces in autism spectrum disorder. The Journal of Child Psychology and
Psychiatry, 45(7), 1235–1245.

Miki, K., Takeshima, Y., Watanabe, S., Honda, Y., & Kakigi, R. (2011). Effects of
inverting contour and features on processing for static and dynamic face
perception: An MEG study. Brain Research, 1383, 230–241.

Miller, J. (1982). Divided attention evidence for coactivation with redundant
signals. Cognitive Psychology, 14, 247–279.

Monk, C. S., Weng, S. J., Wiggins, J. L., Kurapati, N., Louro, H. M., Carrasco, M., et al.
(2010). Neural circuitry of emotional face processing in autism spectrum
disorders. Journal of Psychiatry and Neuroscience, 35(2), 105–114.

Munson, J., Dawson, G., Abbott, R., Faja, S., Webb, S. J., Friedman, S. D., et al. (2006).
Amygdalar volume and behavioral development in autism. Archives of General
Psychiatry, 63(6), 686–693.

Murphy, C. M., Deeley, Q., Daly, E. M., Ecker, C., O’Brien, F. M., Hallahan, B., et al.
(2012). Anatomy and aging of the amygdala and hippocampus in autism
spectrum disorder: An in vivo magnetic resonance imaging study of Asperger
syndrome. Autism Research, 5(1), 3–12.

Nacewicz, B. M., Dalton, K. M., Johnstone, T., Long, M. T., McAuliff, E. M., Oakes, T.
R., et al. (2006). Amygdala volume and nonverbal social impairment in
adolescent and adult males with autism. Archives of General Psychiatry,
63(12), 1417–1428.

Neumann, D., Spezio, M. L., Piven, J., & Adolphs, R. (2006). Looking you in the
mouth: Abnormal gaze in autism resulting from impaired top-down modula-
tion of visual attention. Social cognitive and affective neuroscience, 1(3),
194–202.



G. Charbonneau et al. / Neuropsychologia 51 (2013) 1002–10101010
O’Connor, K. (2007). Brief report: Impaired identification of discrepancies between
expressive faces and voices in adults with Asperger’s syndrome. Journal of
Autism and Developmental Disorders, 37(10), 2008–2013.

O’Connor, K., Hamm, J. P., & Kirk, I. J. (2005). The neurophysiological correlates of
face processing in adults and children with Asperger’s syndrome. Brain and
Cognition, 59(1), 82–95.

O’Riordan, M. A., Plaisted, K. C., Driver, J., & Baron-Cohen, S. (2001). Superior visual
search in autism. Journal of Experimental Psychology: Human Perception and
Performance, 27(3), 719–730.

Otto, T., & Mamassian, P. (2012). Noise and correlations in parallel perceptual
decision making. Current Biology, 22(15), 1391–1396.

Paul, R., Augustyn, A., Klin, A., & Volkmar, F. R. (2005). Perception and production
of prosody by speakers with autism spectrum disorders. Journal of Autism and
Developmental Disorders, 35(2), 205–220.

Pelli, D. G. (1997). The VideoToolbox software for visual psychophysics: Trans-
forming numbers into movies. Spatial Vision, 10(4), 437–442.

Pelli, D. G., & Farell, B. (1999). Why use noise? Journal of the Optical Society of
America A, 16(3), 647–653.

Pellicano, E., & Burr, D. (2012). When the world becomes ‘‘too real’’: A Bayesian
explanation of autistic perception. Trends in Cognitive Sciences, 16(10),
504–510.

Pellicano, E., Gibson, L., Maybery, M., Durkin, K., & Badcock, D. R. (2005).
Abnormal global processing along the dorsal visual pathway in autism: A
possible mechanism for weak visuospatial coherence? Neuropsychologia, 43(7),
1044–1053.

Pelphrey, K. A., Morris, J. P., McCarthy, G., & Labar, K. S. (2007). Perception of
dynamic changes in facial affect and identity in autism. Social Cognitive and
Affective Neuroscience, 2(2), 140–149.

Pelphrey, K. A., Sasson, N. J., Reznick, J. S., Paul, G., Goldman, B. D., & Piven, J.
(2002). Visual scanning of faces in autism. Journal of Autism Developmental
Disorders, 32(4), 249–261.

Pierce, K., Haist, F., Sedaghat, F., & Courchesne, E. (2004). The brain response to
personally familiar faces in autism: findings of fusiform activity and beyond.
Brain, 127(Pt 12), 2703–2716.

Pierce, K., Muller, R. A., Ambrose, J., Allen, G., & Courchesne, E. (2001). Face
processing occurs outside the fusiform ‘face area’ in autism: Evidence from
functional MRI. Brain, 124(Pt 10), 2059–2073.

Raab, D. H. (1962). Statistical facilitation of simple reaction times. Transactions of
the New York Academy of Sciences, 24, 574–590.

Rinehart, N. J., Bradshaw, J. L., Moss, S. A., Brereton, A. V., & Tonge, B. J. (2000).
Atypical interference of local detail on global processing in high-functioning
autism and Asperger’s disorder. The Journal of Child Psychology and Psychiatry,
41(6), 769–778.

Rippon, G., Brock, J., Brown, C., & Boucher, J. (2007). Disordered connectivity in the
autistic brain: Challenges for the ‘‘new psychophysiology’’. International
Journal of Psychophysiology, 63(2), 164–172.

Rozin, P., & Fallon, A. E. (1987). A perspective on disgust. Psychological Review,
94(1), 23–41.

Russo, N., Foxe, J. J., Brandwein, A. B., Altschuler, T., Gomes, H., & Molholm, S.
(2010). Multisensory processing in children with autism: High-density elec-
trical mapping of auditory-somatosensory integration. Autism Research, 3(5),
253–267.

Russo, N., Mottron, L., Burack, J. A., & Jemel, B. (2012). Parameters of semantic
multisensory integration depend on timing and modality order among people
on the autism spectrum: Evidence from event-related potentials. Neuropsy-
chologia, 50(9), 2131–2141.

Sahyoun, C. P., Soulieres, I., Belliveau, J. W., Mottron, L., & Mody, M. (2009).
Cognitive differences in pictorial reasoning between high-functioning autism
and Asperger’s syndrome. Journal of Autism and Developmental Disorders, 39(7),
1014–1023.

Samson, F., Mottron, L., Soulieres, I., & Zeffiro, T. A. (2012). Enhanced visual
functioning in autism: An ALE meta-analysis. Human Brain Mapping, 33(7),
1553–1581.

Scherf, K. S., Luna, B., Minshew, N., & Behrmann, M. (2010). Location, location,
location: Alterations in the functional topography of face- but not object- or
place-related cortex in adolescents with autism. Frontiers in Human Neuro-
science, 4, 26.

Schipul, S. E., Keller, T. A., & Just, M. A. (2011). Inter-regional brain communication
and its disturbance in autism. Frontiers in System Neuroscience, 5, 10.
Schultz, R. T. (2005). Developmental deficits in social perception in autism: the
role of the amygdala and fusiform face area. International Journal of Develop-
mental Neuroscience, 23(2–3), 125–141.

Schumann, C. M., Barnes, C. C., Lord, C., & Courchesne, E. (2009). Amygdala
enlargement in toddlers with autism related to severity of social and
communication impairments. Biological Psychiatry, 66(10), 942–949.

Schumann, C. M., Hamstra, J., Goodlin-Jones, B. L., Lotspeich, L. J., Kwon, H.,
Buonocore, M. H., et al. (2004). The amygdala is enlarged in children but not
adolescents with autism; the hippocampus is enlarged at all ages. The Journal
of Neuroscience, 24(28), 6392–6401.

Shah, A., & Frith, U. (1983). An islet of ability in autistic children: A research note.
The Journal of Child Psychology and Psychiatry, 24(4), 613–620.

Shalom, D. B. (2009). The medial prefrontal cortex and integration in autism.
Neuroscientist, 15(6), 589–598.

Sigman, M., Dijamco, A., Gratier, M., & Rozga, A. (2004). Early detection of core
deficits in autism. Mental Retardation and Developmental Disabilities Research
Reviews, 10(4), 221–233.

Simon, D., Craig, K. D., Gosselin, F., Belin, P., & Rainville, P. (2008). Recognition and
discrimination of prototypical dynamic expressions of pain and emotions.
Pain, 135(1-2), 55–64.

Smith, E. G., & Bennetto, L. (2007). Audiovisual speech integration and lipreading
in autism. The Journal of Child Psychology and Psychiatry, 48(8), 813–821.

Smith, M. J. L., Montagne, B., Perrett, D. I., Gill, M., & Gallagher, L. (2010). Detecting
subtle facial emotion recognition deficits in high-functioning autism using
dynamic stimuli of varying intensities. Neuropsychologia, 48, 2777–2781.

Snodgrass, J. G., & Corwin, J. (1988). Pragmatics of measuring recognition memory:
Applications to dementia and amnesia. Journal of Experimental Psychology
General, 117(1), 34–50.

Song, Y., Kawabe, T., Hakoda, Y., & Du, X. (2012). Do the eyes have it? Extraction of
identity and positive expression from another’s eyes in autism, probed using
‘‘Bubbles’’. Brain and Development, 34(7), 584–590.

Spezio, M. L., Adolphs, R., Hurley, R. S., & Piven, J. (2007). Analylsis of face gaze in
autism using ‘‘Bubbles’’. Neuropsychologia, 45(1), 144–151.

Stanfield, A. C., McIntosh, A. M., Spencer, M. D., Philip, R., Gaur, S., & Lawrie, S. M.
(2008). Towards a neuroanatomy of autism: A systematic review and meta-
analysis of structural magnetic resonance imaging studies. European Psychia-
try, 23(4), 289–299.

Stein, B. E., & Meredith, M. A. (1993). The merging of the senses. Cambridge (MA):
MIT.

Susskind, J. M., Lee, D. H., Cusi, A., Feiman, R., Grabski, W., & Anderson, A. K. (2008).
Expressing fear enhances sensory acquisition. Nature Neuroscience, 11(7),
843–850.

Teunisse, J. P., & de Gelder, B. (2001). Impaired categorical perception of facial
expressions in high-functioning adolescents with autism. Child Neuropsychol-
ogy, 7(1), 1–14.

Thomas, C., Humphreys, K., Jung, K. J., Minshew, N., & Behrmann, M. (2011). The
anatomy of the callosal and visual-association pathways in high-functioning
autism: a DTI tractography study. Cortex, 47(7), 863–873.

Townsend, J. T., & Ashby, F. G. (1983). Stochastic modelling of elementary psycho-
logical processes. Cambridge University Press.

Ulrich, R., Miller, J., & Schröter, H. (2007). Testing the race model inequality: an
algorithm and computer programs. Behavior Research Methods, 39(2), 291–302.

Wang, A. T., Lee, S. S., Sigman, M., & Dapretto, M. (2007). Reading affect in the face
and voice: Neural correlates of interpreting communicative intent in children
and adolescents with autism spectrum disorders. Archives of General Psychia-
try, 64(6), 698–708.

Watson, A. B., & Pelli, D. G. (1983). QUEST: A Bayesian adaptive psychometric
method. Perception and Psychophysics, 33(2), 113–120.

Weinstein, M., Ben-Sira, L., Levy, Y., Zachor, D. A., Ben Itzhak, E., Artzi, M., et al.
(2011). Abnormal white matter integrity in young children with autism.
Human Brain Mapping, 32(4), 534–543.

Weng, S. J., Carrasco, M., Swartz, J. R., Wiggins, J. L., Kurapati, N., Liberzon, I., et al.
(2011). Neural activation to emotional faces in adolescents with autism
spectrum disorders. The Journal of Child Psychology and Psychiatry, 52(3),
296–305.

Wright, B., Clarke, N., Jordan, J., Young, A. W., Clarke, P., Miles, J., et al. (2008).
Emotion recognition in faces and the use of visual context in young people
with high-functioning autism spectrum disorders. Autism, 12(6), 607–626.


	Multilevel alterations in the processing of audio-visual emotion expressions in autism spectrum disorders
	Introduction
	Material and methods
	Subjects
	Stimuli
	Procedure
	Task 1: Discrimination of emotional expressions and multisensory integration
	Task 2: Signal/noise ratio for auditory and visual emotional expressions recognition

	Data analysis
	Task 1
	Multisensory integration
	Task 2


	Results
	Task 1
	Multisensory integration
	Task 2

	Discussion
	Acknowledgments
	Supporting information
	References




