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Abstract Atypical communicative abilities are a core
marker of Autism Spectrum Disorders (ASD). A number of
studies have shown that, in addition to auditory compre-
hension differences, individuals with autism frequently
show atypical responses to audiovisual speech, suggesting
a multisensory contribution to these communicative dif-
ferences from their typically developing peers. To shed
light on possible differences in the maturation of audiovi-
sual speech integration, we tested younger (ages 6—12) and
older (ages 13-18) children with and without ASD on a
task indexing such multisensory integration. To do this, we
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used the McGurk effect, in which the pairing of incon-
gruent auditory and visual speech tokens typically results
in the perception of a fused percept distinct from the
auditory and visual signals, indicative of active integration
of the two channels conveying speech information.
Whereas little difference was seen in audiovisual speech
processing (i.e., reports of McGurk fusion) between the
younger ASD and TD groups, there was a significant dif-
ference at the older ages. While TD controls exhibited an
increased rate of fusion (i.e., integration) with age, children
with ASD failed to show this increase. These data suggest
arrested development of audiovisual speech integration in
ASD. The results are discussed in light of the extant lit-
erature and necessary next steps in research.

Keywords Autism - Sensory processing -
Multisensory integration - Speech perception -
Audiovisual - McGurk effect

Introduction

Autism Spectrum Disorders (ASD) represent a class of
highly prevalent developmental disabilities that have been
characterized by deficits in communication and social
reciprocity, and by the presence of restricted and/or
repetitive behaviors (APA 2000; APA DSM-5Task Force
2013). Individuals with ASD also exhibit alterations in
sensory processing, a finding first noted in Kanner’s ori-
ginal description of the disorder (Kanner 1943). Since that
time, unusual responses to sensory stimuli have been
reported across multiple sensory domains in individuals
with autism (for review, see Iarocci and McDonald 2006).
The prevalence and persistence of sensory symptoms led to
the proposal that sensory processing alterations be
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considered a core deficit in ASD (Billstedt et al. 2007).
Indeed, the recently revised diagnostic criteria (APA 2000;
APA DSM-5Task Force 2013) recognize that children with
ASD often present with atypical sensory processing,
including marked difficulty integrating sensory information
(Bebko et al. 2006; Mongillo et al. 2008a, b; Foss-Feig
et al. 2010; Kwakye et al. 2011).

One key skill that impacts our day-to-day social inter-
action and communication and that necessitates successful
integration of sensory information from multiple modalities
is speech perception (Massaro and Cohen 1995). Speech
perception in everyday settings involves integration of both
acoustic cues and visual information from the moving face
and neck (Massaro 1998). The benefit of multisensory cues
in speech perception is evidenced by a boost in perceptual
accuracy and an increase in processing speed across a
variety of listening conditions (Calvert et al. 1998; van
Wassenhove et al. 2005; Sekiyama and Burnham 2008).
Visual cues especially enhance perception when the audi-
tory signal is degraded (Sumby and Pollack 1954; Mid-
delweerd and Plomp 1987) and when the message is
particularly difficult to comprehend (Arnold and Hill 2001).

However, visual cues also impact speech perception under
controlled listening conditions when the input is limited to
meaningless syllables. The influence of visual information on
perception of clearly audible nonsense syllables is illustrated
by the McGurk effect (McGurk and MacDonald 1976; Mac-
donald and McGurk 1978), a psychophysical illusion in which
the presentation of discrepant visual and auditory cues (e.g.,
visual “ga” and auditory “ba”) often induces an illusory
percept (e.g., “da” or “tha”). The illusion appears to be rel-
atively automatic and robust (Soto-Faraco et al. 2004), per-
sisting in typically developing individuals even under
conditions of rather large spatial discrepancy (i.e., up to at
least 90 degrees in either direction; Jones and Munhall 1997)
and temporal asynchrony (i.e., up to approximately
180-250 ms; Massaro et al. 1996; Munhall et al. 1996).

The McGurk effect is early-emerging, seen even in infants
and young children (Massaro 1984; Rosenblum et al. 1997).
However, studies in typically developing individuals have
found that preschoolers and young children tend to experi-
ence the McGurk effect to a lesser degree than adults
(McGurk and MacDonald 1976; Massaro 1984). Cross-
sectional studies indicate that the tendency to perceive the
McGurk effect increases steadily throughout early child-
hood, with most typically developing, English-speaking
children reaching adult levels of audiovisual integration by
late childhood (i.e., by approximately 12 years old; Hockley
1994; Sekiyama and Burnham 2008).

Several studies to date have employed the McGurk
illusion to investigate audiovisual speech perception in
ASD. A number of these investigations have found that
children with ASD show reduced levels of integration in

response to incongruent McGurk stimuli (e.g., de Gelder
et al. 1991; Williams et al. 2004a, b; Mongillo et al. 2008a,
b; Irwin et al. 2011a, b). However, at least two studies have
failed to find significant differences in the mean magnitude
of fusion reported by children with ASD and TD controls
(Iarocci et al. 2010; Woynaroski et al. 2013). Inconsistency
in findings across studies suggests variability in multisen-
sory speech perception across children with ASD.

Previous studies suggest that variability across children
with ASD may be explained in part by differences in child
profile, such as degree of social deficit or severity of sensory
symptoms (Mongillo et al. 2008a, b; Woynaroski et al.
2013). Another possible difference may originate from dif-
ferences in attention, as multisensory integration is known to
be impacted by attention (Talsma et al. 2010) and individuals
with ASD show differences in attending social stimuli, such
as faces (Dawson et al. 1998; Dawson et al. 2004). Vari-
ability in audiovisual integration in children with ASD may
also be explained in part by chronological age. One recent
study reported that children with ASD show a protracted or
“delayed” developmental trajectory of audiovisual speech
integration, whereby they tend to report fused percepts to a
lesser extent than their typically developing peers at younger
ages (i.e., approximately 7-8 years), but to report similar
levels of fusion in comparison to controls at older ages (i.e.,
in adolescence Taylor et al. 2010). These results seem to
suggest that children with ASD may “catch up” in audio-
visual integration processing after their typically developing
peers have reached a developmental plateau (Taylor et al.
2010). If this is the case, then we should be more likely to find
reduced reports of fusion relative to age-matched controls in
younger children with ASD, than in older children with ASD.

The present study tests this hypothesis by measuring the
rate of McGurk perceptions in younger (ages 6—12) and
older (ages 13—18) children with ASD and TD controls
matched on chronological age. In accordance with the bulk
of the prior literature (e.g., de Gelder et al. 1991; Williams
et al. 2004a, b; Mongillo et al. 2008a, b; Irwin et al. 201 1a,
b), we hypothesize that individuals with ASD will likely
show reduced perception of the McGurk effect on average
relative to TD controls. However, based on the findings of
Taylor and colleagues (Taylor et al. 2010), we anticipate
that these between-group differences will be more pro-
nounced in younger children than in older children, as
evidenced by an age-by-diagnosis interaction.

Methods
Participants

Participants included 30, 618 year old children with ASD
and 31 TD controls matched on chronological age, non-
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indicate what syllable the speaker said by pressing the
letter on a keyboard corresponding to the first letter of the
syllable they perceived (i.e., “b” for “ba”, “g” for “ga”,
“d” for “da”, and “t” for “tha”). For simplicity, we will
henceforth refer to illusory perceptions (i.e., reports of
“da” or “tha”) only as “da”. Button presses were
employed to reduce verbal response demands on partici-
pants. Each participant verbally confirmed that he or she
understood the instructions and completed practice trials.

Each experimental trial consisted of: (a) a fixation
screen presented for 500 ms plus a random jitter ranging
from 1 to 1000 ms; (b) a stimulus presentation; (c) a
250 ms fixation screen; and (d) a response screen asking
the participant, “What did she say?” below the fixation
cross. Following the participant’s response, a fixation
screen reappeared signaling the start of the subsequent trial.
Participants were presented with auditory only (with the
fixation cross remaining on the screen), visual only, and
congruent audiovisual versions of the “ba” and “ga”
stimuli. Additionally, they were presented with incongru-
ent audiovisual McGurk stimuli in which the visual “ga”
was presented with the auditory “ba”. Thus, a total of 7
stimulus conditions were presented, with 20 trials in each
condition. The order of trial types was randomly generated
for each participant for each experiment.

Analysis

Participants’ data were split into groups of younger (i.e.,
6-12 years; ASD n =17, TD n = 18) and older (i.e.,
13-18 years; ASD n =13, TD n = 13) year olds in
accordance with known developmental trajectories for
audiovisual speech integration and perception (Hockley
1994; Taylor et al. 2010; Ross et al. 2011). Mean responses
were then calculated in response to each of the 7 condi-
tions. Response rates to the McGurk stimuli were then

evaluated via a planned 3-way ANOVA (diagnosis x age
group x condition). When a significant interaction effect
was found, follow-up t-tests were performed to clarify the
nature of the interaction. Independent samples t-tests were
performed to determine if children with ASD showed
reduced identification accuracy for unisensory and con-
gruent audiovisual control trials in comparison to TD
controls at either the younger or older age ranges. These
tests were collapsed across syllable type to limit the
number of significance tests conducted and to improve our
estimation of the true score for the constructs of interest
(Baggaley 1988).

Results
McGurk (Incongruent) Audiovisual Presentations

While our primary analysis of interest here is the com-
parison of responses to the incongruent McGurk stimuli,
and initial 3-way ANOVA was run across diagnostic group,
age group, and condition, with accuracies collapsed across
control conditions. This revealed a 3-way interaction
between these variables (F(; s, = 4.16, p < 0.05, partial-
n? = 0.068), allowing for our planned analysis of the
McGurk effect. The planned 2-way ANOVA revealed a
significant diagnosis x age interaction effect
(F,57) = 4.16, p <0.05, partial-n2 = 0.07) wherein a
larger difference in proportion of McGurk percepts repor-
ted was observed between the older diagnostic subgroups
relative to the younger diagnostic subgroups (Fig. 1). Also,
a main effect of diagnosis was found (F(;s; = 5.32,
p < 0.03, partial-n2 = 0.08), but no main effect of age
(F,57) = 2.16, p = 0.15, partial-n2 = 0.02). Individuals
with ASD on average reported the illusory McGurk percept
at a reduced rate relative to TD controls, but younger
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Fig. 1 Changes in the perception of the McGurk Effect with age.
ASD = Autism spectrum disorders. TD = Typically developing
control group. In the younger age groups (Panel A), no differences
were found between individuals with ASD (red) and age-matched TD
controls (black). In TD controls, the rate of perception of the McGurk

effect is increased in the older age group relative to the younger age
group. As a result, significant differences are observed between
individuals with ASD and TD controls in the older groups in
magnitude of the McGurk effect experienced (Color figure online)
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children on average did not differ from older children in the
rate at which they experienced the McGurk Effect
(Table 2).

Follow-up independent samples t-tests revealed that there
was not a statistically significant difference in the proportion
of fused percepts reported by younger children with ASD and
TD controls (t33) = 0.94, p = 0.36, d = 0.33), but that
there was a significant difference in reports of fusion for the
older children with ASD and TD controls (#p4) = 2.53,
p = 0.02,d = 0.99). As seen in Fig. 1, older children with
ASD showed reduced reports of the McGurk effect relative
to their TD peers. As seen in previous reports (Mongillo et al.
2008a, b; Iarocci et al. 2010; Irwin et al. 201 1a, b) this older
subgroup of children with ASD showed an increased rate of
reporting the auditory token “ba” in response to incongruent
multisensory trials in comparison to controls (fz4) = 2.42,
p = 0.02, d = 0.95) whereas the younger group did not
(tay = 0.50,p = 0.13,d = 0.54).

Additional analyses confirm that the older TD subgroup
showed a higher rate of illusory McGurk perception rela-
tive to the younger TD subgroup (9 = 2.06, p = 0.04,
d = 0.85), as expected. In contrast, there was not a sta-
tistically significant difference in the rate of fusion reported
by younger and older children with ASD.

Congruent Audiovisual and Unisensory Control
Conditions

An initial repeated-measures ANOVA was run with control
condition as a within-subjects factor and both age group and
diagnosis as between subject factors. No age group x diag-
nosis interaction was found (F; ;) = 0.99, p = 0.33, partial-
n2 = 0.02), and no main effect of diagnosis was found
(F1,57 = 0.05, p=0.82, partial-n2 < 0.01). There was,
however, a main effect of age group (F(; s, = 4.62,
p = 0.04, partial-n? = 0.08), where the older group was
more accurate collapsed across conditions and diagnosis. See
Fig. 2 for a synopsis of data from control conditions.

Accounting for Verbal IQ Differences

It should be noted here that when collapsed across age
groups, show a significant difference in verbal 1Q (see

Table 2 A priori statistical comparisons across diagnostic group

Table 1 for detailed statistics) that may impact these
findings, given that the McGurk effect is verbal by nature.
To ensure verbal 1Q was not significantly contributing to
our analysis of interest, analyses of verbal scores within
each sub-group was examined; differences across diag-
nostic groups was observed in the younger cohort that
exhibited no group differences in the McGurk effect, while
the older cohort did not show significant differences in
verbal 1Q, suggesting that the group difference in McGurk
effect in the older cohort was not driven by differences in
verbal 1Q. While there were no significant differences in
between verbal 1Q scores in the older group, the lack of
significant differences does not necessarily imply that these
two groups are perfectly matched according to more
stringent criteria (Frick 1995; Mervis and Klein-Tasman
2004), and as such, the possibility of verbal IQ having an
influence on McGurk effect in adolescents should be
explored in depth in future experiments.

Discussion

Communication impairments are a core deficit in ASD
(APA 2000; American Psychiatric Association and Amer-
ican Psychiatric Association. DSM-5 Task Force 2013),
and are likely to play a central role in a wide range of the
behavioral and cognitive characteristics that accompany
ASD (Kuhl 2004; Tsao et al. 2004; Kuhl et al. 2005; Kuhl
2007; Pierce and Redcay 2008). Successful spoken com-
munication skills are strongly reliant upon an individual’s
ability to process not only the information contained within
the auditory stream, but also on an ability to effectively
process the visual cues that accompany and complement
the auditory content. Indeed, such visual cues not only
contain information about the content of the communica-
tion signal, but also convey meaningful information con-
cerning the affect and other attributes of the speaker, and
thus could extend the significance of the current finding
into the social domain as well. Collectively, the current
results suggest that decreases in the ability to properly
synthesize audiovisual speech signals may be the result of a
delay in the maturation of this integrative capacity in
individuals with ASD.

Modality Syllable Perception All subjects Younger (6-12 years old) Older (13-18 years old)
)4 t P t d p t d
Audiovisual ~ McGurk “da” ba 0.01%  2.80*  0.72%  0.13 0.50 0.54 0.02* 2.42% 0.95%
ga 0.59 0.54 0.14 0.53 1.10 0.22 0.13 0.87 0.34
da 0.03*  220%  0.56%  0.36 0.12 0.33 0.05* 2.53% 0.99%

* Significant between group difference (p < 0.05)
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Fig. 2 Perception of multisensory and unisensory controls.
ASD = Autism spectrum disorders. TD = Typically developing
control group. Both younger and older groups showed high accuracies

The data in the current study, separated into age inter-
vals, suggest that the maturational process for the ability to
integrate audiovisual speech cues as measured by the
McGurk effect diverges for ASD and TD groups, with the
ASD population failing to show changes at the later time
intervals when compared to younger ages. Intriguingly, the
current data, which suggests a stalling of the normal
sequence of developmental events associated with audio-
visual speech stimuli, seems to run counter to prior work
that has reported that children with ASD “catch up” to
their peers with age in terms of their rates of McGurk
perceptions (Taylor et al. 2010). There are a number of
differences between these two studies that may explain
these discrepant results. The most salient of these include
the use of different stimuli, the employment of different
and more varied phonemes, and the mode of response.

With that said, contradictory findings in McGurk per-
ceptions in ASD is not limited to the differences between the
current study and Taylor et al.”s (2010) study, but are in fact
far from uncommon. While many studies show decreased
McGurk fusions in ASD relative to TD (e.g., de Gelder et al.
1991—age range = 6-16 years; Williams et al. 2004a, b—
mean age = 8.8 years, range = 5-13 years; Mongillo et al.
2008a, b—mean age = 13.7 years, range = 8-17 years;
Irwin et al. 201la, b—mean age =9 years, ran-
ge = 5-15 years), others find no difference (Iarocci et al.
2010—mean age = 10.6 years, range not reported; Woy-
naroski et al. 2013—mean age = 12.3 years, ran-
ge = 817 years). Despite the number of studies
investigating the McGurk effect in ASD, only this report and
Taylor et al.’s (2010) factor in differences across chrono-
logical ages, and both find significant differences. Given the
reliable finding of age-related difference coupled with the
conflicting findings of the direction of that difference, future
longitudinal studies of sensory integration across develop-
ment should be implemented, avoiding both experimental
design differences as well as between-individual differences
inherently present in cross-sectional studies.

Presentation Modality

[Ages 13-18 M ASD M TD|

of congruent audiovisual, audio-only, and visual-only speech percep-
tion. No significant differences between diagnostic groups were
observed in either the younger or the older age groups

In the current study, the significant difference in the
McGurk effect seen with older children with ASD relative
to TD controls was driven by a higher frequency of
reporting the auditory token (“ba”). The tendency to report
the auditory component of the multisensory stimulus at a
higher rate than TD controls is consistent with previous
work (Mongillo et al. 2008a, b; Iarocci et al. 2010; Irwin
et al. 2011a, b).

This over-reliance upon the auditory channel is not a
result of an increase in reported “ba” percepts in the ASD
group across age groups, but instead is a result of a failure
of growth in the reports of the multisensory perceptions. A
straightforward explanation of this could be a deficit in
visual processing of more complex social stimuli such as
faces (Blake et al. 2003; Dawson et al. 2005). However,
our data, though not specifically designed to test this
hypothesis, do not support it. First, there were no signifi-
cant differences in low-level unisensory visual perfor-
mance between any of the groups. Additionally, the only
significant difference in the unisensory auditory perfor-
mance was an increased reporting of auditory-only “ba”
presentations as “da”. This observed unisensory difference
would predict an increase in McGurk perceptions in the
ASD group (i.e. a tendency to report the fused “da” more
frequently), the exact opposite of what was found. With
that said, the majority of results associated with unisensory
presentations was at or near ceiling, which may have
masked possible unisensory differences. Taken in their
entirety, these data suggest that this failure of the ASD
group to display the developmental growth in audiovisual
integration seen in their TD counterparts is likely not the
result of a unisensory processing deficit, but rather is spe-
cific to the integration of information across the auditory
and visual modalities.

The current study also suggests that multisensory pro-
cessing may be plastic, changing throughout development.
Recent work focused on the plasticity of multisensory
processes may hold promise as a tool in the remediation of
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speech and language deficits in ASD. This work has uti-
lized perceptual learning paradigms (Powers et al. 2009;
Stevenson et al. 2013) and speech-reading training (Wil-
liams et al. 2004a, b) are capable of increasing the preci-
sion of multisensory integration. Providing further support
for these prospects is the finding that such plastic changes
in behavioral measures of multisensory processing are also
accompanied by neural changes (Powers et al. 2012) that
are concordant with known neurological differences
between groups with ASD and typical development
(Boddaert and Zilbovicius 2002; Boddaert et al. 2004;
Pelphrey and Carter 2008a, b). Perceptual training may
also be utilized in conjunction with other more conven-
tional speech-language interventions (SLIs) that may
impact speech processing in individuals with ASD (Yoder
and Stone 2006). Further work investigating the ability of
multisensory perceptual training to improve speech com-
munication in ASD is warranted both relative to and in
conjunction with SLIs.
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