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of a toy car, or on the way one part of the car feels or smells,
as opposed to playing with it as it was intended (Lord et al.,
1989). Affected individuals also may engage in repetitive, ritualized or routinized behaviors that are not required to complete the task at hand. Often, the child will feel anxious if this
ritual is disrupted or blocked from being carried out. For
example, a child may insist on reciting the names of his/her
classmates every time they report about their day at school
(Lord et al., 1989). Finally, individuals with autism may
exhibit stereotyped motor mannerisms, e.g., hand flapping or
finger flicking or twisting (Lord et al., 1989).
Although the set of core behaviors described above are
associated with a diagnosis of autism (American Psychiatric
Association, 2000), Lord and colleagues (2000) note that profiles of behavior will vary for affected individuals, and even
within an individual, with the behavioral repertoire changing
as a child develops.

Pervasive developmental disorders
In addition to autism, there is a range of related disorders
that share the primary deficits in social reciprocity and communication. The disorders that fall under this general
umbrella of Pervasive Developmental Disorders (PDD)
(American Psychiatric Association, 2000) include Childhood
Disintegrative Disorder, Asperger syndrome, Rett syndrome
and Pervasive Developmental Disorder—Not Otherwise
Specified (Lord et al., 2000).
Childhood Disintegrative Disorder (CDD) differs from
autism in that affected children exhibit a serious regression in
multiple areas of functioning following normal development
for at least two years. The profile of behavior shown by children with CDD includes a significant loss of interest in the
environment and lack of social and emotional reciprocity and
language skills. In addition, repetitive motor movements
such as hand flapping and finger flicking emerge in this population. Children also exhibit restricted interests and activities (Lord, et al., 2000). CDD is usually associated with mental retardation in childhood consistent with the significant,
progressive loss of skills in all areas of functioning (American
Psychiatric Association, 2000).
Another disorder under the PDD umbrella, Asperger
syndrome, is closely related to autism. While individuals
affected with Asperger syndrome share deficits in social reciprocity and interaction, cognitive and linguistic skill is relatively spared, with no evidence of significant delays in these
areas in early development (American Psychiatric
Association, 2000). Although individuals affected with
Asperger syndrome are interested in the social environment,
they are impaired in the ability to read social cues and show
great difficulty with pragmatic rules when communicating,
e.g., by speaking in a particularly loud voice or discussing
socially inappropriate topics.
Rett syndrome, a pervasive developmental disorder
which primarily affects girls, shares common characteristics
with autism early in development, including deficits in social,
cognitive, and language skills, as well as stereotyped behaviors (Glaze, 2004). However, there are several symptoms specific to Rett syndrome, including loss of hand skills, problems

with gait, deceleration of head growth, and breathing and
motor problems that allow it to be differentiated as a distinct
disorder from autism (Lord et al., 2000; Mount et al., 2003).
Finally, Pervasive Developmental Disorder—Not
Otherwise Specified is a category for those with deficits in
the areas of social interaction, communication, or restricted/repetitive interests, but who do not meet the criteria for
autism because of atypical time of onset, profile or severity of
symptoms (American Psychiatric Association, 2000).

Autism and language
The range of functioning for individuals with autism and
related disorders varies from significantly impaired non-verbal individuals with mental retardation to individuals with
above-average cognitive functioning and fluent linguistic
skill. To describe the level of functioning within this range,
researchers often characterize an individual’s behavior as
low- or high-functioning (e.g., Jansiewicz et al., 2006). High
functioning children with autism have IQ’s of 80 or above
and the ability to speak (Williams et al., 2006). By extension,
an individual who is low functioning will be in the mentally
retarded range cognitively, without the ability to produce
speech. Because the ability to speak is a significant skill in
typical development, one important difference between lowand high-functioning status in individuals with autism
appears to be whether or not an individual has productive
speech. Moreover, the development of productive speech
prior to the age of 5 is associated with better prognosis with
respect to symptomatology (Rutter, 1983).
Auditory speech perception
The ability to perceive and produce speech is foundational in human communication from the earliest points in
development. Thus, fundamental, basic problems in the
processing of speech sounds create significant deficits in
language and social functioning throughout development.
One likely source of the marked impairment in language
across the range of individuals with autism is a deficit in
speech perception; however, the role of perceptual processing in this population has not been extensively examined.
The available evidence indicates that individuals with ASD
show atypical responses to speech and vocal sounds,
(Gervais et al., 2004). In addition, affected individuals show
deficits in understanding (receptive language functioning,
Koning and Magill-Evans, 2001) and producing language
(expressive language functioning, Howlin, 2003). Further,
children with ASD have atypical asymmetry in brain
regions associated with language, with greater volume in
the right hemisphere, rather than the left (Herbert et al.,
2002). Finally, visual influence on heard speech appears to
be impaired in children with ASD (DeGelder et al., 1991;
Massaro and Boesseler, 2003; Williams et al., 2004). In particular, because of their severe limitations in productive language, non-verbal individuals with autism have been vastly
under-represented in perceptual studies of speech. Because
language ability is the key prognostic factor for long-term
outcomes among children and adults with ASD (Lord and
Venter, 1992), it is critical that we examine speech percepAutism Spectrum Disorders
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tion and processing in this population so that we may better
understand the mechanisms that underlie delays and deficits
in language acquisition.

Neurobiological techniques for studying speech
perception in children with ASD
A number of informative neurobiological techniques
have recently been applied to the study of individuals with
autism and related disorders, making the study of even
severely affected individuals possible. Event-related potentials (ERP) provide a direct measure of neural processing
that can help reveal any potential underlying processing differences in affected and unaffected individuals. ERP studies
of speech and tone processing have identified a characteristic auditory waveform. Generally, in research focusing on
ERP it has been found that verbal children with autism
spectrum disorders are less attentive to speech than typically developing controls, exhibiting differences in the P3, a
brain component that reflects attention to stimuli in the
environment (Courchesne et al., 1985; Dawson et al., 1988).
Kuhl et al. (2005) used mismatch negativity (MMN), an
ERP component that reflects discrimination of a stimulus
change. They reported a correlation between degree of
social deficits, expressive language skill and ability to discriminate a consonant-vowel syllable contrast in preschoolaged children with ASD. Further, Lepistö and colleagues
(2005, 2006) have examined speech perception in individuals with ASD using ERP techniques and discovered poorer
discrimination of duration changes of speech sounds in
affected individuals compared to typically developing controls, even in those with Asperger syndrome, in whom language development is relatively spared.
Magnetoencephalography (MEG), like ERP, is a noninvasive technique used to assess perceptual processing in
individuals with ASD. MEG makes use of magnetic fields
produced by electrical activity in the brain. Using MEG,
researchers found that children with ASD have demonstrated a significantly delayed electrophysiological response to a
change in both speech (vowels) and non-speech stimuli as
compared to typically developing controls (Oram Cardy et
al., 2005). Overall, these studies reveal that children with
autism spectrum disorders exhibit difficulty in discriminating and/or recognizing sounds that can be detected at a basic
level of processing.
Another method employed in speech perception research
with individuals with autism and related disorders is functional magnetic resonance imaging (fMRI). Using volumetric
measurements of blood flow, fMRI can provide information
about activation in areas of the brain implicated in processing
various types of stimuli. Gervais and colleagues (2004) reported an atypical pattern of response to vocal sounds in verbal
adult males with autism as measured with fMRI. As a group,
the affected individuals showed significantly less activation of
the superior temporal sulcus, an area associated with perception of speech, and voices in particular (Belin et al., 2000).
Using fMRI, Bigler et al. (2007) report a dissociation between
language skill and superior temporal gyrus size in affected
individuals as compared to typically developing controls.
10
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Further, fMRI scans of affected individuals studied by Herbert
and colleagues (Herbert et al., 2002) revealed abnormal asymmetry in individuals with autism in brain regions associated
with language.

Audiovisual speech perception
A major focus of research has been on detecting the
sounds of speech in the development of language. This
research studies language use in a non-communicative setting, involving a single language user—the subject.
However, a great deal of our daily communication takes
place in a face-to-face context. Accordingly, it is not surprising that visual information about speech has been
shown to influence what typical listeners hear, assisting not
just in the recognition of speech in noise (Sumby and
Pollack, 1954), but in the perception of unambiguous
speech as well (Desjardins et al., 1997; Reisberg et al., 1987).
One powerful demonstration of the influence of visual
information on what is heard is perceptual integration of
mismatched audiovisual (AV) speech. McGurk and
MacDonald (1976) first demonstrated this by presenting
mismatching audio and video consonant-vowel (CVCV)
tokens to perceivers. Perceivers watching these dubbed productions sometimes reported hearing consonants that combined the places of articulation of the visual and auditory
tokens (e.g., visual /ba/ + auditory /ga/ heard as /bga/), or
“fused” the two places (e.g., visual /ga/ + auditory /ba/
heard as /da/), or reflected the visual place information
alone (visual /va/ + auditory /ba/ heard as /va/). This visual
influence on mismatched speech, called the “McGurk
effect” has been described as compelling for those perceivers who get the effect, occurring even when a perceiver
is aware of how the stimuli have been manipulated
(Massaro, 1987). In addition, the McGurk effect is robust,
and has been demonstrated in the context of a number of
manipulations, including asynchronous auditory and visual
signals (Munhall et al., 1996), non-frontal views of the
speaker’s face (Massaro, 1998), size reduction of visual stimuli (Jordan and Sergeant, 1998), point-light displays of the
articulators (Johnson and Rosenblum, 1996) and presentation of very brief visual stimuli (Irwin et al., 2006). In addition to natural speech, synthetic speakers have been developed to allow for precise manipulation of the auditory and
visual speech signals, e.g., Massaro, 1998; Rubin and
Vatikiotis-Bateson, 1998). The ability to integrate audiovisual speech is thought to be present at birth (Meltzoff and
Kuhl, 1994). Visual influence on heard speech has been
demonstrated in infants as young as 5 months of age
(Rosenblum et al., 1997).
The robustness of the visual influence on heard speech
and the early age at which it occurs, e.g., Rosenblum et al.,
1997, suggests that the use of visual speech information is a
central part of typical perceptual development. In typical perceivers, sensitivity to visual speech information is evident in
infancy (Rosenblum et al., 1997) and is thought to foster
native language acquisition (Legerstee, 1990). In contrast,
children with ASD show reduced social gaze to others’ faces,
when speech is produced (Hobson et al., 1988). This reduc-

tion in social gaze may contribute to atypical language development in children with ASD. The tendency to avert gaze from the
faces of others may lead to impoverished experience with speaking faces that could contribute to a reduction in detection of
visual speech information. Moreover, a few studies (DeGelder et
al., 1991; Massaro and Bosseler, 2003; Williams et al., 2004) suggest that children with ASD are less influenced by visual information for speech than are typically developing controls.
Although these studies provide evidence that individuals with
ASD are less influenced by some types of visible speech information, if perceivers fail to gaze at the speaker during production of speech it is impossible to determine whether perceivers
with ASD actually integrate visual and auditory information less
than controls do, or whether they are simply not gazing at the
talking face. In particular, the tendency of individuals with ASD
to avert gaze from the faces of others means that attenuated visual influence on heard speech in ASD may reflect reduced fixation on the face of a speaker (Pelphrey et al., 2002). Alternatively,
van der Geest and colleagues (2001a, 2001b, 2002) report similar patterns of gaze to still images of faces and social scenes in
ASD and control perceivers, suggesting that the reduction in AV
speech integration is not due to a lack of gaze to the speaker’s
face. Either the speaker’s face may not hold the same information for a perceiver with ASD as for a typical perceiver, with
affected individuals showing difficulty in extracting phonetic
information from the face, or may be due to a more fundamental deficit in the capacity for AV integration.

Theories of perceptual deficits in autism
A number of theories of the perceptual deficits in individuals with ASD can account for a weakness in AV integration in this population. According to the central coherence
theory (Frith and Happe, 1994) there is an impaired ability to
perceive central coherence from individual features of a stimulus, such as a face (van der Geest, 2001a). The executive
function theory (Ozonoff et al., 1991) explains autistic symptomatology as deficits in planning, inhibition, flexibility and
search behaviors mediated by the frontal lobes. Problems
with executive functioning may lead to atypical patterns of
gaze and thus impoverished perceptual processing of visual
information. An additional theoretical account, derived from
the perceptual learning theory of Gibson (1969), proposes
that lack of attention to a speaker’s face deprives a child with
ASD of the experience necessary to develop typical sensitivity to visual speech information. Experience with auditory
speech has been found to be crucial in developing perceptual sensitivities in early development (Bergeson and Pisoni,
2004). Accordingly, there is evidence that the production of
speech differs in blind individuals (Brieland, 1950; Lezak and
Starbuck, 1964). Because of their tendency to avert gaze from
others’ faces, individuals with ASD would have significantly
limited access to visible speech information (Hobson et al.,
1988; Volkmar and Mayes, 1990; Volkmar et al., 1989). Both
seeing and listening to speech are essential for the development or maintenance of AV integration (Bergeson and
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Pisoni, 2004). According to this account, impoverished experience with the faces of speakers diminishes the ability of
children with ASD to detect structure in visible speech information, leading to a reduction in AV integration. Consistent
with this hypothesis, in the context of AV mismatch, perceivers with ASD have been shown to use visual speech information less than auditory information (Massaro and
Bosseler, 2003; Williams et al., 2004). Regardless of the theory, each makes the same general prediction, of reduced AV
integration in children with ASD.

Recent research on audiovisual speech
processing in ASD
My current program of research, conducted at Haskins
Laboratories, is designed to refine these existing theories and
provide data that will allow for more fine-grained accounts of
audiovisual speech integration in this population. The principal goal of this program of research is to examine sensitivity to visual speech information in children with ASD when
they are fixated on the face of a speaker, which has not been
done in previous studies of audiovisual speech perception in
the population of individuals with autism spectrum disorders. By employing visual tracking methodology, we can
evaluate the degree to which children with ASD integrate
audiovisual speech when fixated on the face of a speaker, as
compared to typically developing controls. This application
of visual tracking methodology allows us to adjudicate
between two possible underlying causes of atypical audiovisual integration of speech in ASD: that affected children
show reduced audiovisual integration because of gaze aversion to the face of a speaker and that children with ASD have
an underlying weakness in integration of AV speech.
Converging evidence about integration of AV speech is
currently being obtained by examining ASD and controlling
perceivers’ sensitivity to three types of AV speech processing:
audiovisual integration, detection of audiovisual asynchrony
(which, in typical perceivers, is related to audiovisual integration) and perception of audiovisual speech in the context
of auditory noise (which, in typical perceivers leads to
increased reliance on the visual speech information). Typical
perceivers are influenced by visual speech information even
when the auditory signal is unambiguous (the McGurk
effect). Furthermore, for typical perceivers, the speaking face
assists in recognition of auditory speech in noise (Sumby and
Pollack, 1954). By examining the influence of visual speech
information when the auditory signal is degraded, such as in
the context of auditory noise we can assess whether, when
pressed, the affected children’s perceptual processing of AV
speech can parallel typical processing.
At this point, preliminary data are available from this
project for mismatched audiovisual (McGurk) speech stimuli. These pilot data support the hypothesis that children
with ASD show less AV integration than typically developing
(TD) children even when fixated on the face of a speaker.
Two verbally fluent boys with autism (mean age 9.25 years,
age range 9-9.5 years) were compared to 3 TD children (2
girls, 1 boy, mean age 9.3 years, range 7.5-10.5 years) on
degree of visual influence of seen speech on heard speech. All
12
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of the children were native speakers of American English,
and were reported by their parents to have normal hearing
and normal or normal-to-corrected vision (one TD child
wore corrective lenses during the testing procedure). The
children with autism had received a clinical diagnosis of
autism, and met criteria for autism on the Autism Diagnostic
Observation Schedule (Lord et al., 1996), an instrument for
directly assessing in an individual’s behaviors associated with
autism and on the Autism Diagnostic Interview-revised
(Lord et al., 1994), a semi-structured interview for caregivers
of children and adults for whom autism or pervasive developmental disorders is a possible diagnosis.
Eye gaze data were collected by superimposing a cursor
on an image from a remote mounted scene camera that
shows the participant’s field of view, thus the system is able to
measure gaze (Applied Science Laboratories, 2004). To optimize the accuracy of the pupil coordinates obtained by the
optical camera, a magnetic head tracking unit in the form of
a small sensor was attached to the head of the participant (an
8 millimeter sensor was attached to a slim wire placed on the
head with a headband, see Figure 1).
The visual stimuli were presented on a computer monitor
in front of the participant. The auditory speech stimuli were
presented from a centrally located computer speaker placed
directly below the monitor. A videotaped record of the participant was taken to allow for coding of verbal responses. A
male, native speaker of English was videotaped producing the
consonant-vowel syllables (CV) /ma/, /na/, and /ga/. These
videotaped syllables were digitally edited with Adobe
PremiereTM software to create the audio and video stimuli.
Audio tokens were either /ma/ or /na/. Video tokens were
either matching, cross-spliced tokens of /ma/ or /na/ (i.e., a different token of auditory /ma/ + visual /ma/) or mismatched
AV tokens consisting of auditory /ma/ + visual /ga/that leads
to a percept of /na/ when visual influence occurs.
Each subject was placed in a chair 25 inches from a computer monitor. The headband with the magnetic head tracking sensor was placed on each participant’s head (see Fig. 1).
The participant’s pupil coordinates were calibrated with the
eye-tracker system by asking the participant to look at col-

Fig. 1. A participant views a speaker using an eye tracker.

Fig. 2. “Look Zones” superimposed on a speaker’s face.

ored dots that appeared on screen. Each participant was first
presented with auditory stimuli consisting of the consonantvowel (CV) tokens /ma/ and /na/. Each participant’s verbal
responses were coded for each trial from videotape by two
separate coders, who were at 100% agreement. Participants
reported hearing either /ma/ or /na/ for all trials. Both groups
easily identified the matched /ma/ and /na/ stimuli (i.e., visual /ma/ + auditory /ma/), with only a single error across participants, with one child with ASD misidentifying one /ma/
as /na/.
To compare the amount of visual influence between
groups on the AV speech trials, only those trials on which
participants’ gazes were on the face of the speaker during
consonantal closure (which gives the critical visual information for what consonant is being produced) were assessed.
Two independent coders examined videos of the crosshair
that indicates participant’s gaze superimposed on the face of
the speaker (see the red cross on Figure 2). For those video
frames displaying consonantal closure, trials where coders
were in agreement that the crosshair was on the face of the
speaker (see the largest outlined area containing the speaker’s

Fig. 3. Visually influenced responses when fixated on the speaker’s face.

face, (Fig. 2) were included in analyses (gaze on the face of a
speaker is sufficient for visual influence to occur, Paré et al.,
2003).
There were no differences between the groups in time
spent gazing off the face of the speaker. For the children with
ASD, one trial each had to be dropped from analyses because
the children were not looking at the face at the time of consonantal closure. For the typically developing children, the
mean number of looks off-face at time of consonantal closure
was one (range of 0-2). For the AV integration stimuli, a
response was considered to be visually influenced if the participant reported hearing /na/ for the mismatched (visual
/ga/ + auditory /ma/) AV trials. A one-way analysis of variance (ANOVA) was run for the trials on which children were
attending to the face of the speaker during consonantal closure. There was a significant mean difference in visual influence between the groups, F (1,3) = 17.8, p<.02. The mean
visual influence for the children with ASD was 44% (range
41-47%) and 85.7% for the typically developing children
(range 75-100%), suggesting as hypothesized, that the children with ASD were less visually influenced than their typically developing peers, even when fixated on the face of the
speaker (see Fig. 3).

Future directions
These intriguing preliminary findings suggest less visual
influence on heard speech in children with autism as compared to typically developing controls. Ongoing research will
closely examine ASD and control perceivers’ sensitivity to
audiovisual speech processing in a range of contexts, including audiovisual integration, detection of audiovisual asynchrony and perception of audiovisual speech in the context of
auditory noise. This research will move the study of perceptual processing of audiovisual speech in children with autism
forward by determining whether AV speech processing in
children with ASD is fundamentally disrupted, or whether
visual influence can be modulated depending on task conditions such as in the presence of auditory noise. This work will
have implications for the identification and characterization
of audiovisual integration deficits in children with ASD,
including the potential for identifying novel subgroups within ASD, and the design of targeted interventions to improve
sensitivity to visual speech information.
The continued examination of basic processes in speech
perception in children with autism spectrum disorders will
make it possible to characterize the nature of auditory and
audiovisual speech perception in this population. Results
from this area of inquiry will move the field forward significantly by providing basic data to guide focused interventions
related to speech perception and processing in the population of children with ASD. Understanding the mechanisms
that underlie delays and deficits in language acquisition is
particularly important because language ability is a key prognostic factor for long-term outcomes among children and
adults with ASD (e.g., Lord and Venter, 1992) and early intervention for individuals with language deficits is associated
with long term improved developmental and cognitive outcomes (Lord, 1995; Vostanis et al., 1994; Robins et al.,
2001).AT
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