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Abstract

Children with autism show alterations in multisensory integration that have been theoretically and empirically linked with
the core and related features of autism. It is unclear, however, to what extent multisensory integration maps onto features of
autism within children with and without autism. This study, thus, evaluates relations between audiovisual integration and core
and related autism features across children with and without autism. Thirty-six children reported perceptions of the McGurk
illusion during a psychophysical task. Parents reported on participants’ autistic features. Increased report of illusory percepts
tended to covary with reduced autistic features and greater communication skill. Some relations, though, were moderated
by group. This work suggests that associations between multisensory integration and higher-order skills are present, but in

some instances vary according to diagnostic group.
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Autism is defined by differences in social and communica-
tion skill and by the presence of broader features such as
restricted, repetitive patterns of behavior, interests and activ-
ities that emerge in early childhood (American Psychiatric
Association, 2013). Children with autism also display differ-
ences in sensory function that are now recognized as “core”
characteristics of the condition. Sensory first accounts of
autism posit that sensory function is foundational, and
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that disruptions in sensory processing may produce cas-
cading effects on social and communication development
and broader behavior, ultimately yielding the constellation
of symptoms associated with autism (Cascio et al., 2016;
Robertson & Baron-Cohen, 2017). One area of sensory pro-
cessing that has been particularly well studied in persons
with autism is audiovisual integration. The purpose of this
study was to replicate prior findings of reduced audiovisual
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integration (as indexed by a phenomenon known as the
McGurk effect) in children with autism relative to neuro-
typical peers, and to evaluate how audiovisual integration
relates to core and related features of autism in children who
are and are not on the autism spectrum.

A recent systematic review and meta-analysis of the liter-
ature on audiovisual integration conducted by Feldman et al.
(2018) indicated that individuals with autism display differ-
ences in audiovisual multisensory integration compared to
non-autistic peers that are more pronounced in childhood
than later in life. Alterations in multisensory integration
were present across a range of stimulus types that have been
employed in prior work, but differences in the integration of
social multisensory stimuli, audiovisual speech in particu-
lar, were associated with autistic features, including indices
of social and communication skill (e.g., Woynaroski et al.,
2013) and overall level of autistic features (e.g., Mongillo
et al., 2008; Smith et al., 2017). These results lend some
empirical support to the cascading effects hypothesis in chil-
dren with autism.

One tool that has been used frequently to measure mul-
tisensory integration of audiovisual speech in children with
autism is the McGurk effect (see Zhang et al., 2019 for a
review), wherein incongruent multisensory speech (e.g.,
concurrent presentation of an auditory “ba” and visual
“ga”) often leads to the perception of a fused percept (i.e.,
"da" or "tha"; McGurk & MacDonald, 1976). Children with
autism may perceive significantly fewer illusory percepts in
response to McGurk stimuli compared to non-autistic peers
(e.g., Bebko et al., 2014; Irwin et al., 2011; Stevenson et al.,
2014; Taylor et al., 2010), reflecting reduced visual influence
on auditory speech perception or diminished multisensory
integration, but these differences have not been consistently
observed across the extant literature (e.g., Keane et al., 2010;
Saalasti et al., 2011; Stevenson et al., 2018; Woynaroski
et al., 2013).

In a meta-analysis of the McGurk effect in individuals
with autism, Zhang et al. (2019) found that the marked het-
erogeneity across previous studies was explained in part by
study-level factors such as the mean age of the participants
(younger samples perceive the McGurk effect less fre-
quently; e.g., McGurk & MacDonald, 1976; Sekiyama &
Burnham, 2008) and the manner in which the researchers
scored participant responses [i.e., whether studies utilized
the number of visual tokens (e.g., “ga”) reported or the num-
ber of fusions (e.g., “da” or “tha”) reported]. Yet, despite
this known heterogeneity, only a few investigations to date
have attempted to explain the variance within studies. Such
studies have found that decreased perception of the McGurk
effect is correlated with increased autistic features in chil-
dren with autism (Mongillo et al., 2008), children with and
without autism (Bebko et al., 2014), and non-autistic adults
(e.g., Donohue et al., 2012; Ujiie et al., 2015, 2018).
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However, at present there is limited evidence that multi-
sensory integration as indexed by perception of the McGurk
effect is related to autistic features in non-autistic children
and, more broadly, limited understanding of the extent to
which the sensory first account extends to non-autistic
children. It has been suggested that core and related autis-
tic features (e.g., social communication skill, presence of
restricted and repetitive interests and behaviors) lie on a
continuum ranging from “normality” to clinically signifi-
cant (Baron-Cohen et al., 2001). Audiovisual integration
has been hypothesized to be a mechanism that underlies
this continuum (Donohue et al., 2012; Irwin et al., 2017),
such that early differences in multisensory integration cause
proportional differences that underlie both autism and the
broader autism phenotype (Bailey et al., 1995). Therefore,
it is important to assess whether relations between indices
of multisensory integration and autistic features are specific
to children with autism or are present to the same degree
in non-autistic peers. Although some previous work has
investigated correlations between metrics of multisensory
integration and autism symptomatology in combined clini-
cal and nonclinical samples (Bebko et al., 2014; Feldman
et al., 2019), no study to our knowledge has statistically
tested whether the theorized associations of interest signifi-
cantly vary in magnitude according to (i.e., are moderated
by) diagnostic group.

The present study, therefore, evaluates the extent to which
multisensory integration for audiovisual speech, as indexed
by perception of the McGurk effect, relates to concurrent
measures of social and communication skill and broader
autistic features in children with and without autism matched
on chronological age and biological sex. Specific research
questions were: (a) Do children with autism report fewer
fusions of mismatched audiovisual speech (i.e., McGurk
stimuli) on average compared to non-autistic peers, as pre-
viously observed?; (b) Is perception of the McGurk effect
associated with parent-reported indices of social and com-
munication skill and broader autistic features?; (¢c) Does the
magnitude of the aforementioned relations vary according
to diagnostic group?

Methods

The Vanderbilt University Institutional Review Board
approved the recruitment and study procedures. Parents pro-
vided written informed consent, and participants provided
written assent prior to participation in the study. All families
were compensated for participating.
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Participants

Participants were 18 children with autism (16 males,
M,,. =12 years, 7 months) and 18 children without autism
(13 males, M,,.=11 years, 8 months). Participants did
not significantly differ on age, sex, or nonverbal 1Q (p
values > 0.2; see Table 1). The present study sample par-
tially overlaps with prior reports from our laboratories
(Feldman et al., 2020a; Noel et al., 2018).

Eligibility criteria for inclusion in the study were: (a)
chronological age between 8 and 17 years; (b) normal
hearing and normal or corrected-to-normal vision per
parent report; (c) no history of seizure disorders, and (d)
no diagnosed genetic disorders (e.g., Fragile X, tuberous
sclerosis).

An additional eligibility criterion for children with
autism was diagnosis of autism spectrum disorder accord-
ing to DSM-5 criteria (American Psychiatric Associa-
tion, 2013), independently confirmed by research-reliable
administrations of the Autism Diagnostic Observation
Schedule (ADOS-2; Lord et al., 2012) and clinical judg-
ment of a licensed clinician. No eligibility criteria related
to cognitive functioning were imposed on children with
autism; nonverbal intelligence was assessed using the
Test of Nonverbal Intelligence (TONI-4; n=15; Brown
et al., 2010) or the Leiter International Performance Scale
(Leiter-3; n=3; Roid et al., 2013).

Additional eligibility criteria for children without
autism included: (a) parent report of autistic features
below the screening threshold on the lifetime version
of the Social Communication Questionnaire (SCQ; Rut-
ter et al., 2003); (b) no immediate family members with
autism; (c) no history of neurological conditions; (d) no
prior history or present indicators of psychiatric condi-
tions; (e) no diagnosed learning disorders; and (f) average
nonverbal intelligence (i.e., standard scores > 80) on the
TONI-4 or Leiter-3.

McGurk Effect

The experimental task was completed in a sound- and light-
attenuated room (WhisperRoom Inc., Morristown, TN,
USA). Stimulus presentation was managed by E-prime
software, and responses were recorded using the keyboard
(i.e., “b” for “ba”, “g” for “ga”, “d” for “da”, “t” for “tha”).
Visual stimuli were presented on a 22 inch flat-screen Sam-
sung SyncMaster CM22WS LCD PC monitor. Auditory
stimuli were presented via Sennheiser HD558 circumaural
headphones.

Stimuli have been used and validated previously in our
laboratories (i.e., Dunham et al., 2020; Feldman et al.,
2020b). Videos of a young woman speaking two CV sylla-
bles (i.e., “ba”, “ga”) at a natural rate and volume with neu-
tral affect were recorded against a white background using
a digital camera. The visual and auditory tracks were sepa-
rated using Adobe Premiere, and the visual “ga” stimulus
was combined with the auditory “ba” stimulus, such that the
auditory stimuli began at the natural visual offset observed
for the visual “ga.” The metric derived from this task was the
proportion of trials on which participants reported McGurk
fusion: the amount of times the participant reported hearing
a fused percept (i.e., answered “da” or “tha”) divided by the
total number of McGurk trials presented.

During each run of the task, 70 trials were presented:
20 matched audiovisual trials (i.e., 10 audiovisual “ba” and
10 audiovisual “ga”), 20 auditory-only trials (i.e., blank
screen with auditory “ba” and “ga”; 10 trials of each), 20
visual-only trials (i.e., lip-reading; 10 trials of each), and 10
McGurk trials.

Clinical Measures

Parents reported their children’s social and communication
skill and broader autistic features on a series of previously
developed and validated questionnaires. Social and com-
munication skill was measured via the Vineland Adaptive
Behavior Scales, second edition (VABS; Sparrow et al.,

Table 1 Means, standard
deviations, and group

differences of selected variables
by group

Autism M (SD) Non-autism M (SD)
Age (years; months) 12;7 (40.0 months) 11;8 (29.1 months)
Biological sex 16 male; 2 female 13 male; 5 female
Nonverbal IQ 105.8 (13.2) 1114 (13.2)
VABS Communication standard score 83.2 (20.5) 109.4 (11.6)
VABS Socialization standard score 72.7 (17.1) 109.5 (10.8)
Autistic feature aggregate 0.85 (0.64) —-0.85(0.19)

Nonverbal IQ measured by the Test of Nonverbal Intelligence (Brown et al., 2010) or the Leiter interna-
tional performance scale (Roid et al., 2013)

VABS Vineland Adaptive Behavior Scales, second edition (Sparrow et al., 2005), Autistic Feature Aggre-
gate average of z-scores from the Social Responsiveness Scale, second edition (Constantino & Gruber,
2012) and the Social Communication Questionnaire (Rutter et al., 2003)

@ Springer



Journal of Autism and Developmental Disorders

2005), a standardized, norm-referenced parent question-
naire. Two indices of interest were derived from the VABS:
the communication domain standard score, which indexes
receptive, expressive, and written communication abilities,
and the socialization domain standard score, which indexes
social communication, play and friendship skills, and adap-
tive coping skills.

Two parent reports were used to quantify the core features
of autism—the Social Responsiveness Scale, second edition
(SRS; Constantino & Gruber, 2012) and the SCQ (Rutter
et al., 2003). Given that the total scores from these meas-
ures were highly correlated (r=0.908), a single aggregate
of autistic features was calculated by averaging their total
scores, following z-score transformation (Rushton et al.,
1983).

Analysis

The missForest package (Stekhoven & Bithlmann, 2012) in
R (R Core Team, 2020) was used to impute missing data
(ranging from O to 8.3% across variables used in analyses).
Compared to traditional methods for dealing with missing
data (e.g., listwise deletion, single imputation), multiple
imputation reduces bias, improves parameter estimates,
and preserves statistical power to detect effects of inter-
est (Enders, 2010). Prior to imputation, all variables were
evaluated for normality, specifically for skewness >I1.0l and
kurtosis >13.0l.

An independent samples ¢ test was carried out to exam-
ine (anticipated) between-group differences in magnitude of
multisensory integration as indexed by the rate of reported
McGurk percepts. A series of multiple regression analyses
was subsequently conducted, wherein the predictor (rate of
reported McGurk percepts), group, and group*predictor
product terms were entered into models testing theorized
associations for multisensory integration with social and
communication skill and autistic features across groups and
evaluating whether the aforementioned associations varied
according to diagnostic group. Cook’s D was utilized to
monitor for undue influence throughout modeling.

Results

Between Diagnostic Group Differences in lllusory
Perceptions

Means and standard deviations for each trial type by group
are presented in Table 2.

There was a significant difference in the propor-
tion of reported McGurk fusions according to group in
the present sample, 7 (34) = —2.273, p=0.029, Cohen’s
d=0.76. Children with autism reported fewer illusory
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Table2 Means, standard deviations, and group differences of vari-
ables derived from McGurk task by group

Autism M (SD) Non-autism M Cohen’s d
(SD)
AV accuracy® 0.93 (0.12) 0.95 (0.06) 0.03
A accuracy® 0.90 (0.12) 0.92 (0.08) 0.01
V accuracy 0.64 (0.20) 0.59 (0.18) -0.27
Rate of McGurk 0.39 (0.32) 0.64 (0.36) 0.76
fusion

Accuracies were averaged across trials for “ba” and “ga” stimuli

AV audiovisual condition, A auditory-only condition, V' visual-only
condition

*Means and standard deviations for these variables represent back-
transformed values

Table 3 Zero-order correlations between rate of McGurk fusion and
clinical measures across and within groups

Rate of McGurk fusion
Clinical measure Overall Autism Non-autism
VABS communication standard 0.449™ 0510  0.023
score®
VABS socialization standard score 0.304 0.101 -0.062
Autistic feature aggregate —0418" —0.330 —0.052

VABS Vineland Adaptive Behavior Scales, second edition (Sparrow
et al., 2005), Autistic Feature Aggregate average of z-scores from the
Social Responsiveness Scale, second edition (Constantino & Gruber,
2012) and the Social Communication Questionnaire (Rutter et al.,
2003)

#Association was significantly moderated by group, *p<0.05,
*#p <0.01

percepts (M =38.82%, SD=31.91%) than their TD peers
(M=64.44%, SD =35.64%). This effect was moderate to
large in magnitude.

Links with Social and Communication Skill
and Autistic Features

The rate of McGurk fusion was positively correlated with
communication skill as reported by parents on the VABS
across groups (zero-order correlation =0.449, p =0.006; see
Table 3). This association, however, was moderated by group
(p value for group * predictor term in regression model test-
ing moderated effect =0.050; see Table S1 for full results
from multiple regression models), such that communication
skill was more strongly associated with the McGurk effect in
children with autism (r=0.510, p=0.031) than in children
without autism (r=0.023, p=0.929). Increased integration
of audiovisual speech stimuli as indexed by the McGurk
effect was thus associated with increased communication
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abilities, but this finding was specific to children with autism
(see Fig. 1).

To further explore this relation, post-hoc analyses were
conducted between McGurk fusion and the subscales that
comprise the communication scale index of the VABS.
These follow up analyses indicated that, in children with
autism, perception of the McGurk effect was significantly
associated with expressive communication standard (Vscale)
scores (r=0.505, p=0.032). The correlations with recep-
tive communication standard scores (r=0.453, p=0.059)
and written communication standard scores (r=0.453,
p=0.059) in this group similarly trended towards, but did
not reach, statistical significance. None of the aforemen-
tioned correlations were significant in children without
autism (r= — 0.340, — 0.215, and 0.142, respectively).

The rate of McGurk fusion was not significantly cor-
related with socialization skills as reported by parents on
the VABS across groups (zero-order correlation =0.304,
p=0.071). This association additionally was not moderated
by group (p value for group * predictor term in regression
model testing moderated effect > 0.05).

The rate of reported McGurk fusion was negatively cor-
related with the aggregate of autistic features, zero-order
correlation across groups= —0.418, p=0.011 (see Table 3).
Increased integration of audiovisual speech as indexed by
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the McGurk effect was associated with reduced features of
autism (see Fig. 2). This association was not moderated by
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Post-Hoc Analyses

It is possible that some of the results observed may have
been due to accuracy in the unisensory conditions; therefore,
a series of post-hoc analyses covaried for visual-only accu-
racy, auditory-only accuracy, and unisensory accuracy (i.e.,
each participant’s average of visual-only and auditory-only
accuracy). All of the results were robust to controlling for all
three of the aforementioned variables indexing unisensory
accuracy.

We further assessed whether relations between McGurk
fusion and variables derived from the VABS (i.e., communi-
cation and socialization standard scores) were moderated by
autism features as more continuously quantified, as indexed
by our autistic feature aggregate. When employing this ana-
lytic approach, the relation between McGurk fusion and
VABS communication was similarly moderated by autis-
tic features (p value for autistic features * predictor term in
regression model testing moderated effect =0.042), with a
nearly identical effect size as observed in the model dichoto-
mizing diagnostic groups (Cohen’s £=0.13 and 0.14 for

w

- n
o =]
°

=)

100
]

VABS Communication Standard Score
(o] [00]
o o

N
o

T

[ ]

VABS Exp. Com. VScale Score
w
.
L]
L]

0
0 0.2 0.4 0.6 0.8 1
Rate of McGurk Fusion

L
3 2
$20
2
8 o
2]
215, [
g .

L] .
0_10. K .
8 d
o .
§5.
>

o

0 0.2 0.4 0.6

Rate of McGurk Fusion

Fig. 1 Associations between rate of McGurk fusion and communica-
tion skill as reported by parents on the Vineland Adaptive Behavior
Scales, second edition (VABS; Sparrow et al., 2005). Results indicate
that: a better multisensory integration for audiovisual speech stimuli
(i.e., increased report of the McGurk illusion) on average is associ-
ated with increased communication skill across children with autism
(red dots) and children without autism (grey dots), but this relation

o
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Rate of McGurk Fusion

0.8 1

is moderated by group, such that it is stronger (and in fact only sta-
tistically significant) within the autism group, b the relation between
the rate of McGurk fusion and VABS expressive communication
V-scaled scores was significant in the autism group, and c the relation
between the rate of McGurk fusion and VABS receptive communica-
tion V-scaled scores similarly approached, but did not reach signifi-
cance in the autism group
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Fig.2 Association between rate of McGurk fusion and the aggre-
gate index of autistic features, an average of z-scores from the Social
Responsiveness Scale, second edition (SRS; Constantino & Gruber,
2012) and the Social Communication Questionnaire (SCQ; Rut-
ter et al., 2003). Results indicate that better multisensory integration
(i.e., greater report of the McGurk illusion) is associated with reduced
autistic features across groups. Red circles represent children with
autism. Grey circles represent children without autism. This relation
was not significantly moderated by group

the product terms testing whether the association of interest
varied according to feature aggregate and diagnostic group,
respectively). The relation between McGurk fusion and
VABS socialization was not moderated by autistic features.

Additionally, there is some evidence to suggest that
multisensory integration in children with autism may be
stronger in females than males (e.g., Ross et al., 2015);
therefore, we additionally ran a series of analyses evaluat-
ing the influence of biological sex on effects of interest. In a
2 (group) X 2 (sex) ANOVA with reported McGurk fusion as
the dependent variable, there was a significant main effect of
sex, F' (1, 32)=4.15, p=0.05, and a marginally significant
main effect of group, F (1, 32)=3.45, p=0.07. Females,
on average across groups, perceived the McGurk effect at a
higher rate than males. There was not a significant interac-
tion between group and sex, F (1, 32)=0.03, p=0.87. All
associations of interest to the present report were robust to
controlling for biological sex.

Finally, a series of regression analyses was run to explore
associations between other variables that could be derived
from the McGurk task (i.e., variables from control condi-
tions indexing unisensory accuracy and accuracy in the iden-
tification of matched audiovisual stimuli) and the clinical
measures available in this study. None of these exploratory
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correlations were significant, nor were they moderated by
group (see Table S2).

Discussion

This work is among the first to statistically test the difference
in relations between multisensory integration and features
commonly associated with autism (i.e., social and com-
munication skill and autistic features) across well-matched
samples of children with and without autism. Findings sug-
gest that multisensory integration for more complex audio-
visual stimuli (i.e., speech, as indexed by the rate of reported
McGurk fusion) is linked with communication skill in chil-
dren with autism and with the features of autism across chil-
dren with and without autism.

The association between core autism features (as indexed
by an aggregate score quantifying the presence of autistic
features) and the perception of the McGurk effect was signif-
icant, and this association did not significantly vary accord-
ing to diagnostic group. This finding supports the theory
that differences in audiovisual integration may underlie the
presence of autistic features across the general population
(Baron-Cohen et al., 2001; Donohue et al., 2012), and fur-
ther accords with previous work demonstrating associations
between metrics of audiovisual integration and the presence
of autistic features in adults without a diagnosis of autism
(e.g., Donohue et al., 2012; Stevenson et al., 2017; Ujiie
et al., 2015, 2018; Yaguchi & Hidaka, 2018) and in com-
bined clinical and nonclinical samples (Bebko et al., 2014).

The association between communication skill and inte-
gration of audiovisual speech as indexed by perception of
the McGurk effect was moderated by group, such that the
link between these two constructs was only present in chil-
dren with an autism diagnosis. This finding is consistent
with findings across a large and ever-growing literature (e.g.,
Mongillo et al., 2008; Patten et al., 2014; Righi et al., 2018;
Woynaroski et al., 2013) and provides increased empirical
support for the theory that alterations in multisensory func-
tion may disrupt communication development in children
with autism. We speculate that children with autism who
present reduced audiovisual integration (e.g., those with
reduced magnitude of audiovisual integration, as indexed by
reduced perception of the McGurk illusion) may orient less
to audiovisual stimuli in the environment, which are inher-
ently social in nature, which will then lead to reduced social
communication and language abilities (Bahrick & Todd,
2012; Baranek et al., 2018; Damiano-Goodwin et al., 2018).
Thus, this mounting evidence for a correlation between mul-
tisensory function and communication in this clinical popu-
lation begs for additional work more firmly establishing the
directionality and causality of this oft replicated association.
Such work will advance us towards translation of findings
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from this body of research to clinical practice for persons on
the autism spectrum.

Perception of the McGurk effect did not covary with com-
munication abilities in children without autism. This result
may be explained by the fact that, unlike the core features
of autism, communication deficits are typically not present
in the general population (Sparrow et al., 2005). Children
without autism did present with a somewhat truncated range
of communication abilities (i.e., communication standard
scores from 89 to 136) relative to children with autism (i.e.,
communication standard scores from 38 to 118), which
could have contributed to the attenuated association within
the non-autism group. Further work is needed to determine
the degree to which individual variation in higher-order
domains associated with autism, in particular communica-
tion and language skill, can be explained by audiovisual
multisensory integration in non-autistic individuals across
the lifespan.

This study advances our understanding of the degree to
which theorized associations between multisensory function
and higher-order skills are present within children who do
and do not have a clinical diagnosis of autism, but it is not
without limitations. First, this report is limited by a somewhat
small sample size (n=36). Further, though we did not exclude
children according to language and/or cognitive ability, the
autism group does represent a relatively cognitively and lin-
guistically able sample of children who were able to attend
to and actively report their perception on a psychophysical
task for a somewhat extended period of time (~20-30 min to
complete the McGurk task). Larger and more diverse samples
will allow us to ascertain whether the present results gener-
alize to the broader population of persons with and without
autism. It is also unclear whether these results would general-
ize to individuals with autism matched to non-autistic peers
on the basis of full-scale or verbal IQ as opposed to nonverbal
IQ. Specifically, further work is needed to determine whether
these findings generalize to younger and/or less-linguistically
fluent individuals with autism, though passive paradigms that
can index multisensory integration, such as those utilizing eye
tracking (e.g., Bahrick et al., 2018; Lewkowicz & Flom, 2014;
Righi et al., 2018) and electroencephalography (EEG; e.g.,
Dunham et al., 2020; van Wassenhove et al., 2005), must be
developed and validated in order to assess more heterogeneous
samples. Future work may also wish to consider using multiple
types of McGurk stimuli, particularly those that have been
found to be stable and valid in this population (see Dunham
et al., 2020). One final limitation of this report is the reliance
on parent report to measure social and communication abili-
ties and core autistic features. Future research should consider
taking a multi-modal approach to participant characterization
that incorporates norm-referenced, standardized observational
measures of higher-order skills purported to be impacted by
multisensory processing, including those symptoms indexed

here, as well as other features commonly co-occurring with
autism, such as spoken language impairments.

Conclusion

Children with autism on average reported significantly fewer
illusory percepts during the McGurk task employed in this
study compared to children without autism, as expected.
Considerable individual variation in audiovisual integration,
however, was observed across groups. Increased magnitude
of multisensory integration for audiovisual speech stimuli, as
indexed by the McGurk effect, was correlated with reduced
autistic features and increased communication skill. However,
relations between the rate of perceived McGurk illusions and
communication skills were moderated by group, such that sig-
nificant associations were only present in children with autism,
who were somewhat more variable in their communication
ability relative to children without autism. Further work is
needed to examine these links using more diverse measures
of multisensory integration and clinical tools tapping com-
munication and social skill across children representing the
full autism spectrum.
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