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Abstract
Children with autism spectrum disorders (ASD) show atypical attention, particularly for social events. The new Multi-
sensory Attention Assessment Protocol (MAAP) assesses fine-grained individual differences in attention disengagement, 
maintenance, and audiovisual matching for social and nonsocial events. We investigated the role of competing stimulation 
on attention, and relations with language and symptomatology in children with ASD and typical controls. Findings revealed: 
(1) the MAAP differentiated children with ASD from controls, (2) greater attention to social events predicted better language 
for both groups and lower symptom severity in children with ASD, (3) different pathways from attention to language were 
evident in children with ASD versus controls. The MAAP provides an ideal attention assessment for revealing diagnostic 
group differences and relations with outcomes.

Keywords  Multisensory attention skills · Individual differences · Social attention · Intersensory processing · 
Disengagement · Symptom severity

Introduction

Our world provides far more stimulation than can be 
attended at any given moment. Learning to selectively 
attend to relevant, meaningful information while filtering 
out irrelevant information is critical for the veridical devel-
opment of perception (e.g., E. J. Gibson, 1969). Selective 
attention acts as a gateway for all that we perceive, learn, 
and remember. However, the development of selective atten-
tion and its relations with developmental outcomes, such 
as language and social functioning, remains poorly under-
stood. Attention is a multi-faceted construct (e.g., Colombo, 
2001; Ruff & Rothbart, 1996). However, various selective 
attention skills are typically studied in isolation, including 

sustaining attention to objects and events in the presence 
of competing stimulation, disengaging attention away from 
competing stimulation, and intersensory matching by selec-
tively attending to temporally synchronous sights and sounds 
from events. Thus, little is known about which skills are 
foundational for which developmental outcomes, how dif-
ferent attention skills are interrelated, and how they cas-
cade into more complex, later developing abilities such as 
language and social development. This is in part due to the 
lack of reliable individual difference measures of attention 
to multisensory social and nonsocial events for preverbal 
and nonverbal children, both typically developing and those 
with ASD. Despite a diverse literature on attention, most 
research has focused on developmental differences in these 
skills at the group level, limiting our knowledge of how they 
lead to later developmental outcomes, particularly language 
and social functioning, in typical and atypical development. 
Thus, reliable individual difference measures of attention to 
multisensory events are needed to characterize developmen-
tal trajectories and cascades, and to relate an individual’s 
score to their performance on language or social outcomes. 
In the absence of individual difference measures, knowledge 
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about how disturbances in these foundational skills cascade 
to atypical social and language development in ASD is lim-
ited (e.g., Bahrick & Todd, 2012; Mundy & Burnette, 2005).

The present study uses a new measure designed to assess 
individual differences in what we have termed “multisen-
sory attention skills” (MASks; Bahrick et  al., 2020)— 
attention maintenance (duration), attention shifting/disen-
gaging (speed), and intersensory matching1 (accuracy)—to 
address these important questions. The Multisensory Atten-
tion Assessment Protocol (MAAP; Bahrick et al., 2018b) 
assesses these three MASks to audiovisual social and nonso-
cial events in a single protocol. Further, the MAAP assesses 
the cost of competing stimulation on each of the MASks. 
All three MASks reflect selective attention to audiovisual 
events. Attention maintenance indexes the duration of atten-
tion to audiovisual events in the presence of an irrelevant 
visual distractor. Shifting/disengaging indexes the speed of 
disengaging and shifting attention from competing stimula-
tion to audiovisual events. Intersensory matching indexes 
the accuracy of matching synchronous audible and visual 
stimulation while filtering out stimulation from a concur-
rent asynchronous event, as well as a visual distractor. All 
three MASks reflect both exogenous (“bottom up”, reflex-
ive attention) and endogenous (“top down” control of atten-
tion). Examining this fundamental combination of skills in 
a single protocol can reveal more about how attention is 
allocated in the natural environment and in children with 
ASD. Further, by including multiple measures of attention 
in a single protocol, the MAAP can characterize patterns of 
attentional strengths and weaknesses in children with ASD, 
and which attention skills are most predictive of language 
outcomes and symptom severity. Here, we assess how the 
MAAP distinguishes 2–5-year-old children with ASD from 
a group of nonverbal mental age (MA) matched typically 
developing (TD) controls, and which MASks best predict 
language outcomes in children with ASD and TD children, 
as well as symptom severity in children with ASD.

We first detail our theoretical framework regarding the 
development of selective attention in TD children—the 
Intersensory Redundancy Hypothesis (IRH). We next sum-
marize the developmental importance of MASks in TD 

children and summarize the prior literature on each MASk 
(attention maintenance, shifting/disengaging, intersensory 
matching) in children with ASD. We then describe our theo-
retical framework characterizing the nature of attention in 
children with ASD—the Intersensory Processing Distur-
bance Hypothesis (IDH). Finally, we introduce the MAAP 
and explain why it provides a more comprehensive indi-
vidual difference measure of attention skills to audiovisual 
events than existing paradigms.

The Intersensory Redundancy Hypothesis: A Theory 
of Selective Attention

Our theory of selective attention, the intersensory redun-
dancy hypothesis (for a review, see Bahrick et al., 2020; 
Bahrick & Lickliter, 2012) is consistent with Gibson’s 
invariant detection view of perceptual development (E. 
J. Gibson, 1969) and developmental systems perspectives 
(e.g., Gottlieb et al., 1998; Thelen & Smith, 1994). The 
IRH describes a set of principles characterizing how detec-
tion of redundant stimulation across the senses guides and 
constrains typical perceptual development. Detection of 
intersensory redundancy (stimulation that is common across 
two or more sensory systems) creates salience hierarchies 
that guide selective attention to certain properties of objects 
and events at the expense of other properties. Specifically, 
during multisensory stimulation (e.g., the face of voice of a 
person speaking), attention and perceptual processing is pro-
moted to properties that are redundantly specified across the 
senses (amodal properties; e.g., synchrony, rhythm, tempo 
common to the face and voice) at the expense of modality 
specific properties (e.g., facial configuration; pitch or timbre 
of voice). This principle is known as intersensory facilita-
tion. Detection of intersensory redundancy allows infants to 
unitize audiovisual stimulation and perceive a single event 
(e.g., the face and voice of a person speaking). This then 
provides a foundation for further perceptual processing of 
the audiovisual event, including affect (e.g., Flom & Bah-
rick, 2007), prosody (e.g., Bahrick et al., 2019), and com-
municative intent (e.g., Vaillant-Molina & Bahrick, 2012). 
In contrast, during unisensory stimulation (e.g., hearing a 
voice alone or seeing a silent face), attention is promoted 
to modality specific properties at the expense of amodal 
properties (e.g., Bahrick et al., 2006, 2013). This princi-
ple is known as unisensory facilitation. Intersensory and 
unisensory facilitation are adaptive processes that organize 
perceptual development by ensuring that a more general 
framework is perceived prior to more specific detail (e.g., 
Bahrick, 2001, 2002). Further, they are most pronounced 
in early development and when tasks are difficult (Bah-
rick et al., 2010). Later in development and when tasks 
are easy in relation to the skills of the perceiver, children 
can detect both amodal and modality-specific properties in 

1  We use “multisensory” as a general term to refer to stimulation 
impacting more than one sensory system (e.g., auditory, visual, pro-
prioceptive, etc.). It serves as a name for our protocol (MAAP) and 
for the collection of the three attention skills it measures (“multi-
sensory attention skills” (MASks): attention maintenance, shifting/
disengaging, intersensory matching). In contrast, the term “intersen-
sory” is more specific and is used here to refer to just one of these 
skills—intersensory matching. Intersensory matching is the detection 
of information that is common across auditory and visual stimulation 
such as synchrony, rhythm, tempo, or intensity patterns. We also refer 
to intersensory processing as the activity of perceiving, integrating, 
and further processing this information.



Journal of Autism and Developmental Disorders	

1 3

multisensory and unisensory stimulation. These principles 
have been demonstrated in the domains of affect, prosody, 
temporal synchrony, tempo, and rhythm perception (for 
reviews, see Bahrick et al., 2020, Bahrick & Lickliter, 2012; 
Bremner et al., 2012; Lewkowicz, 2000, 2014).

Multisensory Attention Skills in Typical 
Development

Young TD infants must learn to selectively attend to unified 
multisensory events (e.g., co-occurring visual and auditory 
information from a person speaking), while filtering out 
irrelevant, overlapping sensory information (e.g., sounds 
from TV). This requires flexibly shifting/disengaging atten-
tion from distracting stimulation, maintaining attention to 
events in the presence of distractors, and perceiving uni-
fied information by matching appropriate visual and audi-
tory stimulation. Research has demonstrated that infants’ 
selective attention to multisensory events facilitates process-
ing of information that is common across more than one 
sense modality (e.g., temporal synchrony, rhythm, tempo, 
intensity; for reviews see, Bahrick et al., 2020; Bahrick & 
Lickliter, 2012), and is critical for enabling infants to organ-
ize their perceptual world (for reviews, see Bahrick, 2010; 
Bremner et al., 2012). For example, research using infant 
looking time methods (e.g., habituation, intermodal prefer-
ence paradigms) has demonstrated that the presentation of 
temporally synchronous audible and visual stimulation is 
highly salient and leads to enhanced attention and perceptual 
processing of redundantly specified aspects of social events 
such as prosody and affect (e.g., Bahrick et al., 2019; Flom 
& Bahrick, 2007), as well as nonsocial events such as object 
substance (rigid versus elastic) and composition (single ver-
sus compound objects; e.g., Bahrick, 1987, 1988). Further, 
it also facilitates mapping linguistic labels to objects in early 
infancy (e.g., Gogate & Bahrick, 1998; for a review, see 
Gogate & Hollich, 2010). However, much of this research 
is based on averages from group-level data, across a small 
number of trials, and with typically just one measure of 
attention (e.g., habituation and/or visual recovery of look-
ing time). In the absence of a fine-grained individual differ-
ence measure, relations among skills, links with language 
and social outcomes, and which skills are most predictive 
of atypical language and social functioning in children with 
ASD remain unclear.

Multisensory Attention Skills in Children with ASD

ASD is characterized by atypical social-communicative 
functioning, including atypical social attention, as well as 
restricted and repetitive interests and behaviors (American 
Psychiatric Association, DSM-V, 2013). Though atypical 
attention and intersensory processing are not considered 

core symptoms of ASD, a wide array of research findings 
demonstrates that children with ASD show differences from 
TD children in the three attention skills we call MASks: 
(1) disengaging attention from competing stimulation, (2) 
maintaining attention in the presence of competing stimula-
tion, and (3), intersensory processing of visual and audi-
tory information. Further, atypical patterns of attention are 
most evident for social events (e.g., social orienting impair-
ments; Dawson et al., 1998, 2004), but less so for nonsocial 
events (for reviews, see Bahrick & Todd, 2012; Davis & 
Carter, 2014). Findings are drawn from a diverse and rich 
body of research. However, the specific nature of attentional 
strengths and weaknesses in ASD are difficult to evaluate, 
given that studies have used a wide range of methods, meas-
ures, and stimuli, and assessed just one or two MASks in 
a single study, making findings across studies difficult to 
compare.

Attention maintenance: Compared to controls, children 
with ASD show atypical attention to social events, as well as 
atypical social interactions (for a review, see Davis & Carter, 
2014). They show social orienting impairments, including 
looking less and making fewer attempts to orient to a live 
experimenter compared to TD controls (e.g., Dawson et al., 
1998, 2004; Swettenham et al., 1998). Reduced attention to 
faces is also evident in high-risk infant siblings of children 
with ASD compared to low-risk siblings (e.g., Ibanez et al., 
2008). Further, compared to TD controls, toddlers with ASD 
show reduced attention to social events (as indexed by inhi-
bition of eye blinks when viewing social scenes) but not 
nonsocial events (Shultz et al., 2011). Also, toddlers with 
ASD show reduced attention to the internal features of faces 
(e.g., eyes, mouth) and atypical scanning patterns of speak-
ing faces (Chawarska & Shic, 2009; Klin et al., 2002; for 
a review, see Guillon et al., 2014). In contrast, few stud-
ies report differences in attention to nonsocial objects and 
events between children with ASD and TD children (e.g., 
Dawson et al., 1998; Shultz et al., 2011; but see Swetten-
ham et al., 1998). Further, individual differences in social 
attention predict language and social outcomes in ASD, 
with greater attention to faces predicting better language 
outcomes (Dawson et al., 2004) and greater attention to the 
eyes predicting lower Social Affect scores on the Autism 
Diagnostic Observation Schedule (ADOS: Jones et al., 2008; 
though see Chawarska et al., 2022).

Shifting/disengaging: Compared to TD children, chil-
dren with ASD show difficulties shifting attention between 
objects and events, especially when required to disengage 
from a competing visual event (for reviews, see Sacrey et al., 
2014). For example, they showed significantly slower reac-
tion times (RTs) than TD controls to disengage from a cen-
tral visual distractor event to shift attention to a lateral event 
(Landry & Bryson, 2004). However, in this same study, chil-
dren with ASD showed no differences in shifting attention in 
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the absence of a distractor event compared to controls, indi-
cating difficulties in disengaging attention rather than gen-
eral difficulties in shifting attention (but see Fischer et al., 
2013). Similarly, high-risk infant siblings of children with 
ASD show atypical patterns of disengagement, particularly 
those later diagnosed with ASD (Elsabbagh et al., 2013; 
Zwaigenbaum et al., 2005). Thus. early appearing difficulties 
in disengaging attention are seen in infants at risk for ASD 
and may cascade into atypical language and social outcomes 
(for a review, see Sacrey et al., 2014).

Intersensory matching: Compared to TD controls, chil-
dren with ASD also show atypical detection of temporal 
synchrony and intersensory processing of multisensory 
events, especially for social events (for reviews, see Bahrick 
& Todd, 2012; Wallace et al., 2020). For example, children 
with ASD show no evidence of preferential looking towards 
a sound-synchronous face of a person speaking (e.g., Bebko 
et al., 2006; Righi et al., 2018), or sound-synchronous bio-
logical point light displays (Falck-Ytter et al., 2013; but see 
Klin et al., 2009), but do show preferential looking towards 
sound-synchronous nonsocial events (e.g., Bebko et al., 
2006; Walker-Andrews et al., 1994). Further, greater prefer-
ences to a sound-synchronous face of a person speaking pre-
dict greater language skills in ASD (Righi et al., 2018). Chil-
dren with ASD also show a wider temporal binding window 
for integrating auditory and visual stimuli, (suggesting more 
extensive but less temporally precise audiovisual integration 
than TD children; Foss-Feig et al., 2010; Stevenson et al., 
2014), as well as difficulties in performance in audiovisual 
speech-in-noise tasks (e.g., Foxe et al., 2013; Smith & Ben-
netto, 2007). Further, children with ASD who show stronger 
neural (ERP) signals in responding to audiovisual events 
show lower symptom severity on the ADOS (Brandwein 
et al., 2015). Finally, children with ASD are also less suscep-
tible to perceiving audiovisual illusions, which depend on 
audiovisual integration skills (e.g., McGurk effect; Mongillo 
et al., 2008; Woynaroski et al., 2013).

In summary, a large body of research demonstrates that 
children with ASD show atypical patterns of shifting and 
maintaining attention, as well as intersensory processing of 
sights and sounds, which are particularly evident in the pres-
ence of competing stimulation and social events.

Selective Attention in ASD: The Intersensory 
Processing Disturbance Hypothesis

Children with ASD show atypical selective attention, includ-
ing slower speed and lower accuracy of target selection in 
the presence of distractors (Burack, 1994), difficulties in 
discriminating changes in set size (Remington et al., 2009), 
and difficulties in ignoring task-irrelevant auditory and vis-
ual stimulation (Murphy et al., 2014). Further, as discussed 
above, they show atypical patterns of unitizing audiovisual 

stimulation. The intersensory processing disturbance 
hypothesis (IDH; Bahrick & Todd, 2012) was developed 
as a framework for characterizing how early disturbances 
in intersensory processing and selective attention to audio-
visual events could lead to later atypical language and social 
functioning. Although atypical MASks are not considered 
core symptoms/deficits of ASD, intersensory processing 
and selective attention to audiovisual social events provide 
critical foundations for language and social functioning (for 
a review, see Bahrick et al., 2020). According to the IDH, 
decreased efficiency in processing and attending to redun-
dant audiovisual information may lead to altered unitiza-
tion of audible and visible stimulation from single events, as 
well as reduced saliency and difficulties in processing these 
events. Because of the extraordinary amount of variability 
and multisensory stimulation provided by social relative to 
nonsocial events, we would expect difficulties in intersen-
sory processing efficiency to be more evident in the context 
of social than nonsocial events. Thus, for social events, this 
decreased intersensory processing efficiency could lead to 
reduced attention to faces and voices and decreased per-
ception of the intersensory information provided by social 
events, including affect, prosody, and intensity patterns 
common across audible and visible speech. Further, even 
small differences in intersensory processing and selective 
attention to social events in early development could lead 
to substantial and increasingly greater differences in social 
attention, language, and social functioning in later develop-
ment. Thus, we would predict that in children with ASD, dif-
ficulties in intersensory processing should be associated with 
decreased social attention (i.e., social orienting impairments; 
Dawson et al., 1998, 2004), atypical language functioning, 
and increased symptom severity.

The Multisensory Attention Assessment Protocol 
(MAAP)

Though a sizeable body of research has characterized the 
role of attention development in children with ASD and 
TD children, the lack of fine-grained individual difference 
measures assessing multiple attention skills has made it dif-
ficult to characterize developmental trajectories of attention 
to audiovisual events and which attention skills are most 
predictive of language and social outcomes. To overcome 
this obstacle, we developed the first fine-grained measures 
of individual differences in attention to dynamic, audio-
visual events, appropriate for infants and young children, 
the Intersensory Processing Efficiency Protocol (IPEP; Bah-
rick et al., 2018a) and the Multisensory Attention Assess-
ment Protocol (MAAP; Bahrick et al., 2018b). The IPEP 
focuses exclusively on intersensory matching. In contrast, 
the MAAP assesses all three attention skills—maintenance, 
shifting/disengaging, and intersensory matching—and is 



Journal of Autism and Developmental Disorders	

1 3

the focus of this manuscript. The MAAP was specifically 
designed to characterize, within a single protocol, attention 
skills that prior research has found to best differentiate chil-
dren with ASD from controls. This includes intersensory 
matching of sights and sounds from single events, disen-
gagement, and attention maintenance to social (as compared 
with nonsocial) events, in the presence versus absence of 
attentional load from competing stimulation (e.g., Landry & 
Bryson, 2004). Prior research has rarely examined intersen-
sory processing skills (e.g., matching sights and sounds 
from single events based on detecting common temporal 
information such as synchrony, rhythm or tempo) along with 
basic attention skills (maintaining and shifting/disengaging 
attention). These basic skills have typically been studied in 
the context of static events or silent dynamic visual events, 
whereas intersensory processing skills are assessed in the 
context of dynamic audiovisual events. The MAAP presents 
multiple, short trials (to provide stable means) and blocks 
of both social and nonsocial events. It also indexes the cost 
of competing stimulation from a visual distractor event on 
each attention skill. The MAAP presents audiovisual events, 
reflecting the natural, multisensory learning environment of 
the child. Further, the MAAP requires no verbal responses, 
and is thus able to provide a common measure for assessing 
development across infancy and early childhood, the period 
during which developmental disorders are diagnosed and 
interventions are most effective.

In our first study using this new protocol with TD children 
(Bahrick et al., 2018b), we reported a number of noteworthy 
findings relevant to the current study. Two–5-year-old TD 
children showed evidence of (1) effects of competing stimu-
lation on MASks (reduced attention maintenance, slower 
speed of shifting/disengaging, lower intersensory match-
ing) in the presence of a visual distractor compared to its 
absence, (2) moderate relations among the three MASks, and 
(3) developmental improvements in MASks, with increas-
ingly longer attention maintenance and greater intersensory 
matching of social (but not nonsocial) events across age. 
Finally, (4) structural equation modeling (SEM) revealed 
that individual differences in MASks for social events pre-
dicted language outcomes. Longer attention maintenance 
to faces predicted greater intersensory matching of faces 
and voices, which in turn predicted higher receptive and 
expressive language. In a recent study, we replicated and 
extended our findings to younger TD infants (Edgar et al., 
2022). Intersensory matching of social events on the MAAP 
at 6 months was a significant predictor of child speech pro-
duction and vocabulary size at 18, 24, and 36 months, even 
after controlling for well-established predictors of language, 
including parent language input and socioeconomic status. 
Together, these recent findings highlight the foundational 
role of individual differences in MASks for language and 
social outcomes.

The Present Study

The present study is organized around three main research 
questions. First, compared to TD controls, we assessed 
strengths and weaknesses in MASks in children with ASD 
and whether weaknesses were more evident in the presence 
of competing stimulation and for social events. Second, we 
examined which MASks are most predictive of language and 
social outcomes in children with ASD and TD children, as 
well as symptom severity in children with ASD. Finally, we 
asked whether there are unique pathways from basic MASks 
to language outcomes for the two groups. Given atypical 
MASks for children with ASD, we expected a unique pat-
tern of relations among MASks and language outcomes rela-
tive to TD children. We addressed these questions using a 
combination of group differences and individual difference 
approaches.

Group differences: First, we sought to determine whether 
the MAAP would provide a sensitive tool for characterizing 
meaningful differences in MASks between children with 
ASD and TD children. We administered the MAAP to a 
group of 2–5-year-old children diagnosed with ASD and 
a group of TD children matched on nonverbal mental age 
(MA-matched TDs). We assessed which MASks (attention 
maintenance, shifting/disengaging, intersensory matching) 
and which conditions (social versus nonsocial, presence ver-
sus absence of competing stimulation) differentiated ASD 
and TD groups. Based on the literature, we predicted that, 
compared to TD children, children with ASD would show 
differences in all three MASks (shorter attention mainte-
nance, slower shifting/disengaging, lower intersensory 
matching), particularly for social events. Also, based on 
prior findings using the MAAP with TD children (Bahrick 
et al., 2018b), we predicted that difficulties in attention in 
the presence of an irrelevant visual distractor event (provid-
ing competing stimulation) would be particularly evident in 
children with ASD.

Individual differences: We next explored individual dif-
ferences in MASks and relations between MASks and lan-
guage and social outcomes for children with ASD and TD 
children, as well as symptom severity in children with ASD. 
Specifically, we assessed whether individual differences 
in MASks predicted cognitive and language functioning, 
as well as symptom severity. Based on our prior findings 
(Bahrick et al., 2018b; Edgar et al., 2022), we predicted that 
better MASks (longer attention maintenance, faster speed 
of shifting/disengaging, better intersensory matching) par-
ticularly for social events, would be associated with better 
language outcomes for both groups, as well as lower symp-
tom severity for children with ASD.

Pathways to language outcomes: Finally, using structural 
equation modeling, we tested conceptual models to char-
acterize pathways between MASks for social events and 
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language outcomes for children with ASD and TD children. 
We predicted that faster speed of shifting/disengaging to 
faces would predict greater attention maintenance to faces 
and better intersensory matching of faces and voices, which 
in turn would predict better language outcomes. We assessed 
whether pathways were similar or different for children with 
ASD relative to TD children.

Method

Participants

Twenty-one 2–5-year-old children with a diagnosis of ASD 
(1 female, 20 males) and 21 TD children (7 females, 14 
males) matched on nonverbal mental age (MA-matched 
TDs) participated.2 The 21 TD children recruited for this 
study were also part of a larger study establishing the 
viability of the MAAP protocol (Bahrick et al., 2018b). 
Demographic information for the two groups is presented 
in Table 1.

TD children were matched with children with ASD based 
on their nonverbal Age Equivalence Score (average of Vis-
ual Reception and Fine Motor Age Equivalence Scores) 
from the Mullen Scales of Early Learning (MSEL; Mullen, 
1995), t(40) = 0.20, p = 0.85 (for descriptive statistics, see 
Table 2). Consistent with prior research demonstrating lower 
verbal than nonverbal functioning in ASD (e.g., Akshoo-
moff, 2006), children with ASD in our study showed lower 
Verbal Age Equivalence scores (average of Receptive and 
Expressive Language scores) than TD children, t(40) = 2.46, 
p = 0.02. Children with ASD were recruited via advertise-
ments at a local Center for Autism and Related Disorders 
clinic, and TD children were recruited using country birth 
records and contacted by phone via public phone records. 
Families received $10–$30 in gift cards for participating. 
The data from one child with ASD was excluded for experi-
menter error on the MAAP. The data from four TD children 
were excluded: one for experimenter error on the MAAP, 
one for fussiness (e.g., crying, eyes closed, and/or squirming 
or turning away from the screen for multiple trials) during 
the MAAP, and two for MSEL Early Learning Composite 
scores greater than two SDs below the standardized norm 
(M = 100, SD = 15; n = 2).

Children with ASD had received a diagnosis of either 
autism or ASD from a community practitioner or neurolo-
gist. Diagnoses were confirmed with the ADOS (Lord et al., 

2002). Each ADOS was administered by a certified research-
reliable administrator or by an administrator in training 
who was supervised by a research-reliable administrator. 
The appropriate ADOS module was administered based on 
the child’s age and language ability (Module 1, No Words: 
n = 10; Module 1, Some Words: n = 8; Module 2, Younger 
Than 5: n = 2; Module 2, 5 or Older: n = 1). All children with 
a diagnosis of autism or ASD met or exceeded the ADOS-
defined cutoff for autism (n = 18) or ASD (n = 3; using the 
revised algorithms detailed in Gotham et al., 2007). In addi-
tion, an ADOS was administered to all 21 TD children and 
none scored above the cutoff for ASD (for ADOS descriptive 
statistics, see Table 2).

Similar to prior research, children with ASD 
(M = 51.10 months, SD = 10.31) were significantly older 
on average than nonverbal MA-matched TD children 
(M = 30.18  months, SD = 7.09), t(40) = 7.66, p < 0.001. 
Thus, as a secondary aim, we included a smaller group of 
twelve TD children (4 females, 8 males) who served as a 
chronological age (CA) matched control group (CA-matched 
TD children) also drawn from participants in Bahrick et al., 
(2018b). These CA-matched TD children were included to 
determine if any differences between children with ASD 
and TD controls could be attributed to CA and experience 
rather than ASD diagnosis per se. However, few meaning-
ful differences emerged as results of the CA-matched group 
mirrored those of the nonverbal MA-matched controls, and 

Table 1   Demographic information for children with ASD and TD 
children (Matched on Nonverbal Mental Age)

Diagnostic group

ASD TD

n Percentage n Percentage

Sex
 Female 1 4.76% 7 33.33%
 Male 20 95.24% 14 66.67%

Ethnicity
 Hispanic 21 100% 16 76.19%
 Non-Hispanic 0 0% 5 23.81%

Race
 Asian American 0 0% 1 4.76%
 Black and/or African American 0 0% 1 4.76%
 White and/or European Ameri-

can
17 81.95% 19 90.48%

 Other/Not Reported 4 19.05% 0 0%
Home Language
 Primarily English 6 28.57% 8 38.09%
 Primarily Spanish 5 23.81% 4 19.05%
 Both English and Spanish 9 42.86% 9 42.86%
 Other/Not Reported 1 4.76% 0 0%

2  Assuming a β of .80 and a two-tailed p value of .05, a sample size 
of n = 21 per group (ASD, TD; total N = 42) has sufficient power to 
detect effect sizes of 1) d = .88 for between-group differences, 2) 
d = .76 for within-group differences (assuming a .30 correlation of 
scores between groups), and 3) r = .54 for correlation analyses.
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thus, the results of analyses with CA-matched TD children 
are reported in the Supplemental Material, pp. 1–4.

Assessments

Multisensory Attention Assessment Protocol (MAAP)

The MAAP characterizes individual differences in three 
foundational MASks—attention maintenance, shifting/dis-
engaging, intersensory matching—to audiovisual social and 
nonsocial events in the presence and absence of compet-
ing stimulation in a single protocol. MASks are assessed 
across multiple trials to provide a stable mean for assessing 
relations with developmental outcomes, including language 
and social functioning, as well as symptom severity. During 
the MAAP, children were seated in front of a widescreen 
(102 × 57 cm) monitor. Each trial began with a central dis-
tractor event (geometric animation), followed 3 s later by two 
concurrent 10 s lateral events on the left and right sides. On 
each trial, one lateral event was synchronous with its natural 
soundtrack and the other was asynchronous (approximately 
3 s out of phase with the soundtrack). There were two types 
of lateral events, social and nonsocial. Social events con-
sisted of women telling stories with positive, infant-directed 
speech (social positive) and with neutral affect (social neu-
tral). Nonsocial events consisted of objects impacting a 
surface in an erratic rhythmic pattern (nonsocial), includ-
ing wooden blocks and spools and metal nuts and washers 
(see Fig. 1 for static images of selected examples). Example 

stimulus videos can be seen on Databrary (https://​nyu.​datab​
rary.​org/​volume/​326). Three blocks of 8 trials of each event 
(social positive, social neutral, nonsocial) were presented 
(24 trials total). Half of the trials in each block (4 trials) 
were high competition trials, and the remaining trials were 
low competition trials. On high competition trials, the cen-
tral event remained on during the audiovisual lateral events, 
serving as a visual distractor. On low competition trials, the 
central event was turned off as soon as the lateral events 
began. Each child received all possible pairs of actresses 
and objects. Further, we counterbalanced presentation order 
of event (social neutral, social positive, nonsocial first) and 
competition type (high or low competition trials first) across 
participants, resulting in six possible presentation orders.3 
While children viewed the videos, trained observers (previ-
ously trained to reach a reliability criterion of 90% or greater 
with another trained observer) recorded children’s look dura-
tions to the screen by depressing buttons on a game pad. 
They were blind to condition and unable to see the videos. 
Durations of individual looks to the left and right lateral 
events and latencies (reaction time; RT) to shift attention 
from the central event to one of the two lateral events were 
calculated by a custom MATLAB-based computer program.

Table 2   Means and standard 
deviations (in parentheses) for 
chronological age, symptom 
severity measures (ADOS, 
SCQ, SRS), and cognitive and 
language measures (MSEL Age 
Equivalence scores) for children 
with ASD and TD children 
(Matched on Nonverbal Mental 
Age)

ASD Autism spectrum disorders, TD Typically developing, ADOS Autism Diagnostic Observation Sched-
ule, SCQ Social Communication Questionnaire, SRS Social Responsiveness Scale, MSEL Mullen Scales of 
Early Learning. Independent sample t-tests: ns not significant
*p < .05, **p < .01, ***p < .001

Diagnostic Group Group differences

Measure ASD
(n = 21)

TD
(n = 21)

Significance

Chronological age (in months) 51.10 (10.30) 30.18 (7.09) ***
ADOS total standardized scores 6.90 (1.48) 1.67 (0.86) ***
SCQ 17.32 (5.61) 5.57 (3.60) ***
SRS T score 79.47 (9.89) 51.45 (9.08) ***
MSEL age equivalence scores (in months)
 Overall 28.46 (14.28) 33.40 (9.16) ns
 Nonverbal 32.50 (15.24) 33.26 (9.21) ns
  Visual reception 31.33 (15.49) 35.81 (10.16) ns
  Fine motor 33.67 (15.80) 30.71 (9.00) ns

 Verbal 24.43 (14.44) 33.55 (9.38) *
  Receptive language 27.10 (16.00) 35.43 (9.44) *
  Expressive language 21.76 (12.96) 31.67 (10.30) **

MSEL early learning composite 62.05 (22.66) 105.95 (11.99) ***

3  Preliminary analyses revealed little evidence of effects of presenta-
tion order on the three MASks. Thus, we chose not to include presen-
tation order as a factor in our main analyses. For details, see Supple-
mental Material, p. 4.

https://nyu.databrary.org/volume/326
https://nyu.databrary.org/volume/326
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Measures of attention maintenance (duration), shifting/
disengaging (speed), and intersensory matching (accuracy) 
were calculated (see Table 3 for descriptive statistics). They 
were obtained for each trial and then averaged across trials. 
Attention maintenance (duration) was indexed by the pro-
portion of available looking time (PALT) to the lateral events 
and calculated for each trial by dividing the total looking 
time to both lateral events by the length of the trial (10 s). 
It reflects overall interest, or the “attention holding” value, 
of the social and nonsocial events. Shifting/disengaging 
(speed) was indexed by the latency to shift attention (reac-
tion time, RT) in seconds from the central distractor event 
to one of the two lateral events (calculated by subtracting 
the onset time of the lateral event from the onset time of 
the first look to the lateral event according to the observer’s 
button press). It reflects the “attention getting” value of the 
social and nonsocial events. Intersensory matching (accu-
racy) was indexed by the proportion of total looking time 
(PTLT) to the sound-synchronous lateral event by dividing 
the looking time to the audiovisual synchronous event by the 
total looking time to both the synchronous and asynchronous 
events. PTLTs greater than 50% indicate a preference for 
the synchronous event (e.g., Bahrick, 1983; Spelke, 1976). 
We excluded PTLTs greater than 0.90 or less than 0.10 so 
that our PTLT measure was less influenced by strong side 
biases. Given there were no significant differences between 
performance on the social neutral and social positive events 
for any MAAP measure for either group of children (ASD: 
ps > 0.47, TD: ps > 0.44), data were collapsed into an overall 
social score and contrasted with nonsocial scores for each 
measure (for details, see Supplemental Material, p. 4).4 The 

percentage of trials with useable data was quite high for both 
groups of children (ASD: M = 92%, SD = 10%; TD: 94%, 
SD = 7%), indicating that children were highly engaged with 
the displays. For details on the percentage of useable trials 
for each MASk, see Supplemental Material, p. 4, Table S4.

Language and Cognitive Outcomes and Indices 
of Symptom Severity

To assess verbal and nonverbal functioning, the four sub-
scales of the MSEL (Mullen, 1995) were administered to 
children in English or Spanish, depending on the child’s 
primary home language (per parental report) by a reli-
able administrator (see Table 2 for descriptive statistics). 
ADOS raw scores were converted into standardized scores 
(for details, see Gotham et al., 2009). In addition, parents 
completed both the Social Communication Questionnaire 
(SCQ; Rutter et al., 2003), and the Social Responsiveness 
Scale (SRS; Constantino & Gruber, 2005). Raw scores were 
calculated for the SCQ, and T scores were calculated for 
the SRS. Compared to TD children, children with ASD 
showed higher symptom severity scores on the ADOS, 
t(40) = 14.04, p < 0.001, SCQ, t(38) = 7.96, p < 0.001, and 
SRS, t(37) = 9.22, p < 0.001.

Low Competition Trials High Competition Trials

Social 

Nonsocial

Fig. 1   Static images of the dynamic audiovisual events from the 
MAAP. On all trials, a three-second central distractor event (com-
puterized geometric shape) was followed by two side-by-side lat-
eral events (social, nonsocial), one of which was synchronous with 

its appropriate soundtrack. On low competition trials (images on 
the left), the central event was turned off during the lateral events, 
whereas on high competition trials (images on the right), the central 
event remained on during the lateral events

4  Given that social neutral (n = 8) and social positive (n = 8) trials 
were collapsed into a single condition, there were a greater number 
of social (n = 16 trials), than nonsocial trials (n = 8) overall. It is thus 
possible that estimates of MASks for social events may have been 
more stable, and less impacted by outliers, than MASks for nonso-

cial events. However, analyses revealed little difference in individual 
variability in MASks for social or nonsocial events. We calculated the 
coefficient of variation (CV; a scale independent index of variability) 
for each MASk. On average, for TD children, the CVs for social and 
nonsocial events were equivalent (social: 32.41, range: 14.29–82.08; 
nonsocial: 36.44, range: 13.46–108.49) suggesting no difference in 
MAAP performance on social and nonsocial trials. In contrast, for 
children with ASD, the average CV for social events was larger than 
for nonsocial events (social: 43.93, range: 21.57–71.82; nonsocial: 
36.39, range: 12.00–97.18).

Footnote 4 (continued)



Journal of Autism and Developmental Disorders	

1 3

Results

Results are organized around three research questions. 
Group differences: First, which of the three MASks (atten-
tion maintenance, shifting/disengaging, intersensory match-
ing) differentiated children with ASD from nonverbal mental 
age matched (MA-matched) TD children, and were these 
differences more evident for social than nonsocial events 
and in the presence versus absence of competing stimula-
tion? To address this research question, we conducted ANO-
VAs and planned comparisons for each of the three MASks. 
Individual differences: Second, are individual differences 
in MASks related to language outcomes in children with 
ASD and MA-matched TD children, as well as symptom 
severity in children with ASD? For this research question, 

we conducted bivariate correlations between MASks and 
measures of language and symptoms severity. Pathways to 
language outcomes: Finally, are there different pathways 
from basic MASks to language outcomes in children with 
ASD compared to MA-matched TD children? To address 
this, we constructed structural equation models (SEMs) to 
characterize the pathways from MASks for social events to 
language outcomes in the two groups.

Group Differences: Multisensory Attention Skills 
in Children with ASD and TD Children

To assess differences in MASks between children with 
ASD and TD children, a 2 group (ASD, TD; between sub-
jects) × 2 competition (high, low; within subjects) × 2 event 

Table 3   Means and standard 
deviations (in parentheses 
for the three multisensory 
attention skills (duration, speed, 
accuracy) as a function of type 
of competition (low, high) and 
event (social, nonsocial) for 
children with ASD and TD 
children (matched on nonverbal 
mental age)

ASD autism spectrum disorders, TD typically developing, PALT proportion of available looking time, PTLT 
proportion of total looking time, RT reaction time (in seconds). For PTLT, single sample t-tests: *p < .05, 
**p < .01. For planned comparisons (ASD versus TD comparisons): ns: not significant
*p < .05, **p < .01, ***p < .001

Measure Condition Diagnostic group Group dif-
ferences 
significanceASD

(n = 21)
TD
(n = 21)

Duration: attention maintenance 
(PALT)

Low competition .71 (.16) .80 (.12) ns

Social .63 (.21) .77 (.17) *
Nonsocial .82 (.15) .84 (.10) ns
High competition .54 (.15) .68 (.15) *
Social .45 (.20) .68 (.15) ***
Nonsocial .69 (.18) .68 (.21) ns
Overall .63 (.14) .74 (.11) *
Social .55 (.19) .72 (.14) **
Nonsocial .76 (.13) .77 (.11) ns

Speed: Attention Shifting (RT) Low competition 0.75 (0.34) 0.69 (0.19) ns
Social 0.92 (0.62) 0.72 (0.28) ns
Nonsocial 0.55 (0.24) 0.65 (0.24) ns
High competition 1.88 (1.22) 1.12 (0.90) **
Social 2.20 (1.58) 1.06 (0.87) **
Nonsocial 1.42 (1.38) 1.06 (1.15) ns
Overall 1.34 (0.75) 0.90 (0.48) *
Social 1.65 (1.12) 0.87 (0.49) **
Nonsocial 0.92 (0.63) 0.84 (0.56) ns

Accuracy: Intersensory Matching 
(PTLT)

Low competition .51 (.07) .54 (.06)** *

Social .51 (.11) .56 (.08)** ns
Nonsocial .50 (.06) .52 (.07) ns
High competition .50 (.10) .52 (.06) ns
Social .48 (.12) .53 (.08) ns
Nonsocial .52 (.11) .52 (.08) ns
Overall .50 (.07) .53 (.05)** ns
Social .51 (.10) .55 (.08)* *
Nonsocial .51 (.06) .52 (.06) ns
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(social, nonsocial; within subjects) factorial analysis of vari-
ance (ANOVA) was conducted for each of the three meas-
ures (attention maintenance, shifting/disengaging, intersen-
sory matching).5 ANOVA main effects and interactions are 
presented in Table 4. Main effects of group indicated that, 
collapsed across all trials, children with ASD showed sig-
nificantly shorter attention maintenance, F(1, 40) = 6.09, 
p = 0.02, partial eta squared: η2

p = 0.13, and slower shifting/
disengaging F(1, 40) = 5.69, p = 0.02, η2

p = 0.13, and margin-
ally lower levels of intersensory matching, F(1,40) = 3.31, 
p = 0.08, η2

p = 0.08, than TD children (see Table 3). Inspec-
tion of η2

p values revealed that the main effect of group (ASD, 
TD) accounted for a moderate/medium amount (8% to 13%) 
of the variance in MASks (e.g., Cohen et al., 2003). Further, 
to assess evidence of intersensory matching (preference for 
the synchronous event greater than 50%) within each group, 

single sample t-tests were conducted (see Table 3). TD chil-
dren showed significant intersensory matching across all tri-
als, t(20) = 3.06, p = 0.01, whereas children with ASD did not, 
t(20) = 0.17, p = 0.87. None of the findings of intersensory 
matching were qualified by analyses of side biases (preference 
for left- or right-hand event; see Supplemental Material, p. 5).

Cost of Competing Stimulation on Multisensory 
Attention Skills

We assessed the cost of competing stimulation (lower perfor-
mance on high than low competition trials, collapsed across 
social and nonsocial events) for both groups of children, as well 
as group differences (ASD versus TD) in the presence versus 
absence of competing stimulation. Recall that on high competi-
tion trials, the central visual event remains on during the lateral 
events and provides competing stimulation. In contrast, on low 
competition trials, the central event is turned off at the onset of 
the lateral events and thus no competing stimulation is present.

Attention maintenance: Both groups of children showed 
lower attention maintenance to the audiovisual lateral events 
in the presence than absence of competing stimulation. 
A main effect of competition indicated shorter attention 
maintenance on high than on low competition trials, F(1, 
40) = 34.75, p < 0.001, η2

p = 0.47 (accounting for a large 
amount of variance), and planned comparisons revealed 

Table 4   Main effects and 
interaction from the 2 Group 
(ASD, TD) × 2 type of 
competition (High, Low) × 3 
event (Social, Nonsocial) 
ANOVA for the three 
multisensory attention skills 
(duration, speed, accuracy)

ASD autism spectrum disorders, TD typically developing, PALT proportion of available looking time, PTLT 
proportion of total looking time, RT reaction time (in seconds)

Measure Source F df p η2
p

Duration: Attention Maintenance (PALT) Group (G) 6.09 1, 40 .02 .13
Competition (C) 34.75 1, 40  < .001 .47
Event (E) 26.45 1, 40  < .001 .40
G × C .42 1, 40 .52 .01
G × E 12.85 1, 40 .001 .24
C × E .05 1, 40 .83 .00
G × C x E 3.34 1, 40 .08 .08

Speed: Attention Shifting (RT) Group (G) 5.69 1, 40 .02 .13
Competition (C) 20.51 1, 40  < .001 .34
Event (E) 5.08 1, 40 .03 .11
G × C 4.76 1, 40 .04 .11
G × E 3.97 1, 40 .05 .09
C v E .57 1, 40 .45 .01
G × C × E 1.14 1, 40 .29 .03

Accuracy: Intersensory Matching (PTLT) Group (G) 3.31 1, 40 .08 .08
Competition (C) .65 1, 40 .42 .02
Event (E) .14 1, 40 .71 .00
G × C .23 1, 40 .63 .01
G × E 1.87 1, 40 .18 .05
C × E 2.42 1, 40 .13 .06
G × C × E .30 1, 40 .59 .01

5  Prior to conducting our main analyses, we conducted preliminary 
analyses to determine if home language, sex, and ethnicity would 
be important covariates to include in our analyses. Also, given that 
MA-matched TD children had higher MSEL Verbal Age Equiva-
lence scores than children with ASD, we also assessed whether Ver-
bal scores should be included as covariates in our analyses. Results 
of these preliminary analyses indicate that the inclusion of home 
language, sex, ethnicity, and Verbal Age Equivalence Scores did not 
qualify our results, and thus they were not included as covariates in 
the main analyses (for details, see Supplemental Material, pp. 4–5).
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this was evident for both children with ASD, t(40) = 4.62, 
p < 0.001, and TD children, t(40) = 3.71, p = 0.001 (see 
Table 3). Further, planned comparisons of group differ-
ences indicated that children with ASD showed signifi-
cantly shorter attention maintenance than TD children on 
high competition trials, t(40) = 2.30, p = 0.03, and margin-
ally shorter attention maintenance on low competition trials, 
t(40) = 1.88, p = 0.07 (see Table 3).

Shifting/disengaging: Shifting attention on high compe-
tition trials indexes disengagement speed: the time it takes 
children to disengage from the central event and shift atten-
tion to the audiovisual lateral events. In contrast, shifting 
attention on low competition trials indexes shift speed: the 
time it takes children to shift attention from the central event 
to the audiovisual lateral events. It does not reflect disen-
gagement because the central event is turned off as soon 
as the lateral events begin. Children with ASD, but not TD 
children, showed slower shifting in the presence than in the 
absence of the central event. Though a main effect of compe-
tition indicated slower speeds to shift attention on high com-
petition (i.e., disengagement) than on low competition (i.e., 
shift) trials, F(1,40) = 20.51, p < 0.001, η2

p = 0.34, this was 
qualified by a significant group x competition interaction, 
F(1, 40) = 4.76, p = 0.04, η2

p = 0.11 (accounting for a moder-
ate amount of variance). Children with ASD showed slower 
shifting on high than low competition trials, t(40) = 4.75, 
p < 0.001, whereas TD children did not, t(40) = 1.66, p = 0.11 
(see Table 3).6 Further, children with ASD showed slower 
disengagement than TD children on high competition trials, 
t(40) = 2.36, p = 0.02, but no difference in shifting on low 
competition trials, t(40) = 0.67, p = 0.51 (see Table 3).

Intersensory matching: There was no significant main 
effect of competition for intersensory matching, F(1, 
40) = 0.65, p = 0.42, η2

p = 0.02 (accounting for a small 
amount of variance), and no evidence of differences in 
intersensory matching in the presence versus absence 
of competing stimulation for either children with ASD, 
t(40) = 0.22, p = 0.82, or TD children, t(40) = 0.89, p = 0.37 
(see Table 3). However, children with ASD showed lower 
levels of intersensory matching than TD children on low 
competition trials, t(40) = 2.06, p = 0.05, but not on high 
competition trials, t(40) = 1.04, p = 0.30, where both groups 
showed low levels of intersensory matching. Single-sample 
t-tests revealed that TD children showed significant intersen-
sory matching on low competition trials, t(20) = 3.27, 
p = 0.004, and marginally significant matching on high 

competition trials, t(20) = 1.91, p = 0.07. In contrast, children 
with ASD showed no evidence of intersensory matching on 
either low, t(20) = 0.36, p = 0.72, or high competition trials, 
t(20) = 0.06, p = 0.95.

In sum, both groups of children showed shorter attention 
maintenance and slower speeds of shifting/disengaging on 
high competition trials (distractor event present) than on low 
competition trials (distractor event absent). Further, children 
with ASD showed distinctive patterns of attention strengths 
and weaknesses relative to TD children. Weaknesses were 
most evident in the context of competing stimulation. On 
high competition trials, children with ASD showed slower 
disengagement from the distractor events and shorter atten-
tion maintenance to the audiovisual lateral events than TD 
children. In contrast, strengths were evident on low com-
petition trials. Children with ASD showed no difference in 
terms of shifting to look to the audiovisual events and only 
marginally shorter attention maintenance. Finally, children 
with ASD showed lower levels of intersensory matching 
with respect to TD children on low, but not on high, com-
petition trials.

Atypical Multisensory Attention Skills for Social 
but not Nonsocial Events

We assessed differences in attending to social compared 
to nonsocial events for both groups of children, as well as 
group differences in attending to social versus nonsocial 
events.

Attention maintenance: Children with ASD showed 
shorter attention maintenance to social than nonsocial 
events relative to TD children. Though a significant main 
effect of event indicated that children overall showed shorter 
attention maintenance for social than nonsocial events, F(1, 
40) = 26.45, p < 0.001, η2

p = 0.40, this was qualified by 
a significant group x event interaction, F(1, 40) = 12.85, 
p = 0.001, η2

p = 0.24 (accounting for a large amount of vari-
ance). Planned comparisons revealed that children with ASD 
showed shorter attention maintenance for social than non-
social events, t(40) = 6.11, p < 0.001, whereas TD children 
did not, t(40) = 1.09, p = 0.28 (see Table 3). Further, planned 
comparisons of group differences also indicated that chil-
dren with ASD showed shorter attention maintenance for 
social events than TD children, t(40) = 3.53, p = 0.001, but 
no difference for nonsocial events, t(40) = 0.11, p = 0.91 (see 
Table 3).

Shifting/disengaging: Children with ASD also showed 
slower shifting/disengaging attention to social than nonso-
cial events relative to TD children. A significant main effect 
of event indicated slower shifting/disengaging to social 
than nonsocial events, F(1, 40) = 20.51, p = 0.03, η2

p = 0.11; 
however, this was qualified by a significant group x event 
interaction, F(1, 40) = 3.97, p = 0.05, η2

p = 0.09 (accounting 

6  Significantly slower shift speeds on high than low competition tri-
als were evident for TD children when both MA- and CA-matched 
TD children were analyzed as a single TD group (n = 33), F(1, 
32) = 8.13, p = .01. Thus, the lack of a significant difference for MA-
matched TD children was likely due to decreased statistical power 
due to a small sample size.
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for a moderate amount of variance). Children with ASD 
showed slower shifting/disengaging to social than nonsocial 
events, t(40) = 2.99, p = 0.01, whereas TD children did not, 
t(40) = 0.04, p = 0.85 (see Table 3). Children with ASD were 
slower to shift/disengage to social events than TD children, 
t(40) = 2.93, p = 0.01, but showed no difference for nonsocial 
events, t(40) = 0.66, p = 0.51.

Intersensory matching: There was no significant main 
effect of event for intersensory matching, F(1, 40) = 0.14, 
p = 0.71, η2

p = 0.00, and no evidence of differences in 
intersensory matching for social than nonsocial events for 
children with ASD, t(40) = 0.70, p = 0.49, or TD children, 
t(40) = 1.22, p = 0.22. However, children with ASD showed 
lower levels of intersensory matching for social events than 
TD children, t(40) = 2.04, p = 0.05, but showed no difference 
for nonsocial events, t(40) = 0.45, p = 0.67 (see Table 3). 
Further, single-sample t-tests revealed that TD children 
showed significant evidence of intersensory matching for 
social events, t(20) = 2.69, p = 0.01, whereas children with 
ASD did not, t(20) = − 0.12, p = 0.91. In contrast, neither 
group showed evidence of matching for nonsocial events, 
ps > 0.16.7

In sum, children with ASD showed patterns of attentional 
strengths and weaknesses in attending to social compared to 
nonsocial events relative to TD children. Weaknesses were 
evident only for social events. Only children with ASD 
showed shorter attention maintenance and slower shift-
ing/disengaging attention to social than nonsocial events. 

Further, children with ASD showed shorter attention 
maintenance, slower speed of shifting, and lower levels of 
intersensory matching for social events than TD children. In 
contrast, strengths were evident in the context of nonsocial 
events as there were no differences in attending to nonsocial 
events between children with ASD and TD controls.

The Cost of Competing Stimulation on Multisensory 
Attention Skills for Social and Nonsocial Events

We assessed the cost of competing stimulation for social 
and for nonsocial events. Planned comparisons revealed 
that for social and nonsocial events, children with ASD 
showed shorter attention maintenance, ts > 2.67, ps < 0.01, 
and slower shifting/disengaging, ts > 3.17, ps < 0.003 on 
high than low competition trials, whereas TD children only 
showed shorter attention maintenance, ts > 2.47, ps < 0.02, 
(but not shifting/disengaging, ts < 1.48, ps > 0.15) on high 
than low competition trials (see Table 3 and Fig. 2). Neither 
group showed differences in intersensory matching for high 
compared with low competition trials for social or for non-
social events, ts < 1.22, ps > 0.24.

We also assessed differences in attending to social com-
pared to nonsocial events for high and for low competi-
tion trials. On high and low competition trials, children 
with ASD showed shorter attention maintenance, ts > 4.63, 
ps < 0.001, and longer shifting/disengaging, ts > 2.38, 
ps < 0.02, to social than nonsocial events (see Table 3 and 
Fig. 2). In contrast, TD children showed marginally shorter 
attention maintenance to social than nonsocial events on low 
competition trials, t(40) = 1.88, p = 0.07 (but no difference 
on high competition trials, t(40) = 0.04, p = 0.97), and no 
differences in shifting/disengaging to social versus nonsocial 
events on low or high competition trials, ts > 0.57, p = 0.57. 

(A) Attention Maintenance (B) Intersensory Matching (C) Shifting/Disengaging

Fig. 2   The three multisensory attention skills—A Attention Mainte-
nance (Duration), B Intersensory Matching (Accuracy), and C Shift-
ing/Disengaging (Speed)—as a Function of Group (ASD, TD), Type 
of Competition (Low, High) And Event (Social, Nonsocial). ASD 
autism spectrum disorders, TD typically developing, PALT proportion 
of available looking time, PTLT proportion of total looking time, RT 

reaction time (in seconds). Black solid lines; children with ASD on 
high competition trials, black dashed lines: children with ASD on low 
competition trials, grey solid lines: TD children on high competition 
trials, grey dashed lines: TD children on low competition trials. Error 
bars are standard errors of the means

7  Our prior research using the MAAP demonstrates significant 
intersensory matching of nonsocial events in both 2–5-year-old TD 
children, p = .05, and 12-month-old TD infants, p = .01 (Bahrick 
et al., 2018a, 2018b; pp. 2213, 2218).
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Neither group showed differences in intersensory matching 
of social versus nonsocial events for high or for low competi-
tion trials, ts > 1.48, ps > 0.15. Finally, for high competition 
trials, children with ASD showed shorter attention mainte-
nance, t(40) = 4.16, p < 0.001, and longer disengagement, 
t(40) = 2.88, p = 0.01, than TD children for social events 
(but no difference in intersensory matching, t(40) = 1.66, 
p = 0.10). For low competition trials, children with ASD 
showed shorter attention maintenance, t(40) = 4.55, p = 0.03, 
and marginally lower levels of intersensory matching, 
t(40) = 1.73, p = 0.09, than TD children for social events (but 
no difference in shifting, t(40) = 1.40, p = 0.17). In contrast, 
there were no group differences for nonsocial events on 
high, ts < 0.22, ps > 0.83, or low competition trials, ts < 1.00, 
ps > 0.33.

In sum, children with ASD and TD controls showed 
comparable effects of competing stimulation on MASks on 
social and nonsocial trials. Both groups of children showed 
shorter attention maintenance and slower disengaging on 
high compared to low competition trials for social and non-
social events. In contrast, differences between children with 
ASD and TD controls were particularly evident for social 
events on high competition trials. Compared to TD controls, 
children with ASD showed shorter attention maintenance, 
slower shifting/disengaging, and lower levels of intersen-
sory matching for social (but not nonsocial) events on high 
competition trials. Smaller differences were evident on low 
competition trials.

Internal Consistency of Multisensory Attention 
Skills in Children with ASD and TD Children

To assess reliability of our measures in children with ASD 
and TD children, we also examined the internal consistency 
of the three MASks. This allowed us to assess whether reli-
ability of MAAP measures in children with ASD was equal 
to or less reliable than in TD children. For each MASk, we 
calculated the absolute difference between scores on odd 
and even trials for each child. Differences between scores 
on odd and even trials should be close to zero to the extent 
that measures are relatively free of random error (i.e., 
reliable). This method is superior to traditional split-half 
correlations (which are subject to artifacts; Goodwin & 
Leech, 2006; Jaccard & Becker, 2009). Results indicated 
small median absolute differences relative to the range of 
scores for each MASk and little difference between chil-
dren with ASD and TD children (attention maintenance: 
ASD = 0.09, TD = 0.08; range: 0.00 to 1.00; shifting/disen-
gaging: ASD = 0.26, TD = 0.24, range: 0 to 10 s; intersen-
sory matching: ASD = 0.04, TD = 0.06; range: 0.00 to 1.00). 
Thus, MASks show evidence of strong internal consistency 
for both children with ASD and TD children.

Individual Differences: Multisensory Attention 
Skills and Relations with Language Outcomes 
and Symptom Severity

We next assessed relations between MASks and language 
outcomes for children with ASD and nonverbal mental age 
matched (MA-matched) TD children, as well as relations 
between MASks and symptom severity outcomes for just 
children with ASD. We predicted that better MASks (longer 
attention maintenance, faster speed of shifting, and better 
intersensory matching) for social events, particularly in the 
presence of competing stimulation (high competition trials), 
would predict better language outcomes (MSEL Recep-
tive and Expressive Language scores) and lower symptom 
severity scores (ADOS, SCQ, SRS). Also, these correlations 
served as a basis for the development of the conceptual mod-
els used to assess pathways between MASks and language 
outcomes (see section, Different Pathways from Multisen-
sory Attention Skills to Language Functioning in Children 
with ASD and TD Children).

Multisensory Attention Skills Predict Language 
Functioning in Children with ASD and TD Children

We calculated bivariate Pearson correlation coefficients 
between MASks and MSEL Verbal Age Adjusted Scores 
(Receptive Language, Expressive Language) for children 
with ASD and TD children (see Table  5). Correlations 
between MASks and MSEL nonverbal scores for children 
with ASD are available in Table S7 (for nonverbal MA-
matched TD children, see Table S5). We controlled for 
family-wise error using a modified Bonferroni procedure 
(Holm, 1979).8 Results revealed significant correlations 
between MAAP performance on trials with social events, 
particularly in the presence of competing stimulation (high 
competition trials), and MSEL verbal scores (see Table 5).

For children with ASD, longer attention maintenance and 
faster speed of disengaging to social events on high compe-
tition trials predicted higher Receptive, rs > 0.52, ps < 0.02, 
and Expressive Language scores, rs > 0.50, ps < 0.02 (see 
Table 5). Also, better intersensory matching of social events 
on low competition trials predicted higher Receptive, r = 0.48, 
p = 0.03, and Expressive Language scores, r = 0.48, p = 0.03. 

8  We created a family of four for each language outcome (Receptive, 
Expressive Language) given there are four possible correlations in 
our 2 event (social, nonsocial) × 2 competition (high, low) design (see 
Table 5), Thus, the correlation with the smallest p value is compared 
against a critical value of p < .0125 (.05/4). If the correlation with the 
smallest p value is less than .0125, it is declared significant. Then, the 
correlation with the next smallest p value is compared against a criti-
cal value of p < .0167 (.05/3), and so on.
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In contrast, there were no significant correlations between 
MASks for nonsocial events and language outcomes, ps > 0.06.

For TD children, longer attention maintenance to social 
events and better intersensory matching of social events on 
high and low competition trials predicted higher Receptive 
Language scores, rs > 0.63 ps < 0.005 (see Table 5). Further, 
longer attention maintenance to social events on high competi-
tion trials and better intersensory matching for social events 
on low competition trials predicted higher Expressive Lan-
guage Scores, rs > 0.63, ps < 0.002. In contrast, no significant 
correlations between shifting/disengaging and language out-
comes were evident, and there were no significant correlations 
between MASks for nonsocial events and language outcomes 
(except that longer attention maintenance for nonsocial events 
on high competition trials predicted higher Expressive Lan-
guage, r = 0.49, p = 0.02).

Thus, for both children with ASD and TD children, better 
MASks (longer attention maintenance, faster shifting/disen-
gaging, better intersensory matching) for social (but not non-
social) events predicted better language functioning.

Multisensory Attention Skills Predict Symptom 
Severity in Children with ASD

We calculated bivariate correlations between each MASk 
and symptom severity scores on the ADOS, SCQ, and SRS 
(see Table 6). We used total ADOS standard scores (see 
Table 2; Gotham et al., 2009), as well as social affect (SA) 
and restrictive and repetitive behavior (RRB) standard scores 
(Hus et al., 2014). Given the limited range of variability in 
ADOS standard scores (range: 4–10 in our sample of chil-
dren with ASD), we calculated Spearman’s rank correlations 
(which apply the Pearson correlation formula to ranked val-
ues rather than raw scores; Wilcox, 2017) between MASks 
and ADOS scores.

ADOS: On high competition trials, longer attention main-
tenance to social events predicted lower total ADOS scores, 
Spearman’s rho: rs = − 0.52, p = 0.02 (see Table 6). Also, on 
high competition trials, longer attention maintenance and 
faster shifting/disengaging to social events predicted lower 
SA scores, rs s > 0.49, ps < 0.03. Further, on low competition 

Table 5   For children with 
ASD, Pearson correlation 
coefficients between MSEL 
age equivalent verbal scores 
(receptive language, expressive 
language), and each of the three 
multisensory attention skills 
(duration, accuracy, speed) as a 
function of type of competition 
(low, high) and event (social, 
nonsocial) for children with 
ASD and TD children (matched 
on nonverbal mental age)

ASD autism spectrum disorders, TD typically developing, MSEL Mullen Scales of Early Learning, PALT 
proportion of available looking time, PTLT proportion of total looking time, RT reaction time (in seconds)
*p < .05, **p < .01 ***p < .001.; ƒ did not meet significance cutoff when controlling for familywise error

Measure Condition MSEL age equivalent scores

Receptive language Expressive language

ASD TD ASD TD

Duration: Attention Maintenance  
(PALT)

Low Competition
   Social .30 .63** .30 .46*f

   Nonsocial .04 .17 .16 .14
High Competition

   Social .58** .59** .63** .63**
   Nonsocial − .09 .32 − .02 .49*

Speed: Attention Shifting (RT) Low Competition
   Social − .35 − .39 − .34 − .10
   Nonsocial − .25 .14 − .29 .16

High Competition
   Social − .52* − .10 − .50* − .06
   Nonsocial − .06 − .07 − .10 − .12

Accuracy: Intersensory Matching  
(PTLT)

Low Competition
   Social .48* .74*** .48* .70***
   Nonsocial − .24 − .18 − .42 − .21

High Competition
   Social .36 .72*** .46*f .52*f

   Nonsocial − .07 − .07 − .09 − .05
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trials, longer attention maintenance to social events predicted 
lower SA scores, rs = − 0.50, p = 0.02, and longer attention 
maintenance to nonsocial events predicted lower total ADOS 
and SA scores, rs s > 0.43, ps < 0.05. In contrast, there were 
no significant correlations between intersensory matching and 
total ADOS or SA scores, or between any of the three MASks 
and RRB scores (for a summary of correlations with RRB 
scores, see Supplemental Material, Table S7).

SCQ and SRS: We also calculated Pearson correlation coef-
ficients among MASks, SCQ, and SRS scores. Only attention 
maintenance to social events predicted SRS (but not SCQ) 
scores. Longer attention maintenance to social events on high 
(but not low) competition trials predicted lower SRS scores, 
r = − 0.50, p = 0.03. There were no significant correlations 
among SRS scores and shifting/disengaging or intersensory 
matching, or among MASks and SCQ scores (see Supplemen-
tal Material, Table S8).

In sum, better performance on two of the three MASks 
(attention maintenance, shifting) for social events, particu-
larly in the presence of competing stimulation, predicted lower 
symptom severity on the ADOS, and longer attention mainte-
nance to social events predicted lower SRS scores.

Relations Among Multisensory Attention Skills 
in Children with ASD and TD Children

We also conducted bivariate correlations to assess relations 
among the three MASks for children with ASD and non-
verbal MA-matched TD children, given prior findings of 
correlations among MASks (Bahrick et al. 2018b). Children 
with ASD: On high competition trials, faster disengaging to 
social events was significantly correlated with longer atten-
tion maintenance to social events, r = − 0.65, p = 0.001 (see 
Table 7). No other significant correlations among MASks 
for social or nonsocial events were evident. TD children: On 
both low and high competition trials, longer attention main-
tenance to social events was significantly correlated with 
both intersensory matching, rs > 0.45, ps < 0.04, and shift-
ing/disengaging for social events, rs > 0.43, ps < 0.04. Also, 
on high competition trials, faster disengaging to nonsocial 
events was significantly correlated with longer attention 
maintenance, r = − 0.45, p = 0.04. Thus, whereas shifting/
disengaging attention was associated with attention mainte-
nance for both groups of children for social events, relations 
between intersensory matching and attention maintenance 

Table 6   For children with ASD, 
Spearman’s rank correlation 
coefficients between total 
and social affect (SA) ADOS 
standard scores and the three 
multisensory attention skills 
(duration, accuracy, speed), as a 
function of type of competition 
(low, high) and event (social, 
nonsocial)

ASD autism spectrum disorders, ADOS Autism diagnostic observation schedule, SA Social Affect, PALT 
proportion of available looking time, PTLT proportion of total looking time, RT reaction time (in seconds)
*p < .05, **p < .01

Measure Condition ADOS standard scores

Total SA

Duration: attention maintenance (PALT) Low competition
   Social − .36 − .50*
   Nonsocial − .52* − .43*

High Competition
   Social − .52* − .66**
   Nonsocial − .34 − .38

Speed: attention shifting (RT) Low Competition
   Social .31 .37
   Nonsocial − .21 − .02

High Competition
   Social .28 .49*
   Nonsocial .30 .26

Accuracy: intersensory matching (PTLT) Low Competition
   Social − .12 − .15
   Nonsocial .27 .31

High Competition
   Social − .19 .00
   Nonsocial − .02 .01
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were only evident for TD children. Taken together with the 
results of our analyses of relations between MASks and lan-
guage outcomes, these findings suggest that unique pathways 
from basic MASks to language outcomes may be evident for 
children with ASD and TD children. We further explored 
this possibility with structural equation models.

Unique Pathways from Multisensory Attention Skills 
to Social Event to Language Functioning in Children 
with ASD and TD Children

Next, we conducted SEMs to explore unique pathways from 
MASks for social events to language outcomes in children 
with ASD and nonverbal mental age matched (MA-matched) 
TD children. Models were guided by predictions of the IRH 
and research findings indicating that intersensory process-
ing and selective attention to audiovisual events are founda-
tions for language outcomes (Bahrick et al., 2020; Bahrick & 
Lickliter, 2012). Based on the patterns of correlations among 
MASKs and between MASks and language outcomes for 
the two groups of children, we constructed and tested sepa-
rate SEMs for children with ASD and TD children. SEMs 
were conducted using a limited-information estimation 
(LIE) framework (Bollen, 1996, 2001; Jaccard et al., 2006). 
Unlike maximum likelihood estimation (MLE) frameworks 
that are based on asymptotic theory and thus are depend-
ent on large sample sizes, LIE frameworks are appropriate 
for smaller sample sizes. Also, unlike MLE frameworks in 
which pathway estimates are derived simultaneously, in LIE 
frameworks, pathway estimates are derived on an equation-
by-equation basis, without calculating indices of model fit. 
Our outcome measure, Language, was an average of MSEL 
Age Equivalent Receptive and Expressive Language scores, 

and MASk measures for social events were averaged across 
low and high competition trials.

Children with ASD: Pathways from Multisensory 
Attention Skills to Language Outcomes

For children with ASD, only shifting/disengaging and 
attention maintenance for social events were significantly 
correlated (but were not correlated with intersensory 
matching; see Table 7), but both attention maintenance 
and intersensory matching for social events predicted 
language outcomes (see Table 5). Thus, we constructed 
and tested a model with two pathways from MASKs to 
language outcomes: (1) Shifting/Disengaging predicted 
Maintenance, which in turn predicted Language, and (2) 
Intersensory Matching predicted Language (see Fig. 3A).9 
These two pathways predicted a significant 46% of the 
variance in language outcomes in children with ASD. 
Shifting/Disengaging to social events accounted for 41%, 
p = 0.002, of the total variance explained in Maintenance 
to social events. A 1 s decrease in Shifting/Disengaging 

Table 7   Correlations among the three multisensory attention skills (duration, accuracy, speed), as a function of type of competition (low, high) 
and event (social, nonsocial) for children with ASD and nonverbal MA-matched TD children

ASD autism spectrum disorder, TD typically developing, PALT proportion of available looking time, PTLT proportion of total looking time, RT 
reaction time
*p < .05, *p < .01, ***p < .001

Condition/Measure ASD TD

Low competition High competition Low competition High competition

PALT PTLT RT PALT PTLT RT PALT PTLT RT PALT PTLT RT

Social
 Duration (PALT) – .08 − .32 – .24 − .65*** – .45* − .43* – .55** − .51*
 Accuracy (PTLT) – − .01 – − .26 – − .16 – − .06
 Speed (RT) – – – –

Nonsocial
 Duration (PALT) – .11 − .27 – .04 − .14 – − .41 − .33 – − .12 − .45*
 Accuracy (PTLT) – .26 – − .11 – − .14 – − .38
 Speed (RT) – – – –

9  Alternative models were tested but ultimately rejected. For children 
with ASD, a model including Shift/Disengage as a separate predic-
tor of Language, in addition to Maintenance and Intersensory, failed 
to predict variance in language over and above that predicted by just 
Maintenance and Intersensory, R2 change = .06, p = .17. Also, for chil-
dren with ASD we conducted the model depicted in Fig. 3A but using 
nonsocial trials. Unlike the model with social events, this nonsocial 
model only predicted a nonsignificant 6% of the variance on Lan-
guage, p = .59, and neither Maintenance nor Intersensory Matching 
of nonsocial events were significant predictors of Language, ps > .32. 
Thus, none of the alternative models using attention to social or non-
social events improved our ability to predict language outcomes in 
children with ASD.
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was associated with a 11.02% (SE = 3.00%) increase in 
Maintenance to social events, p = 0.002. Together, Main-
tenance and Intersensory Matching accounted for 46%, 
p = 0.004, of the total variance explained in Language 
(Maintenance: R2 change = 15%, p = 0.04; Intersensory 
Matching: R2 change = 24%, p = 0.01). A 1% increase in 
Maintenance for social events predicted a 0.29-month 
(SE = 0.13) increase in Language, p = 0.04 (holding 
Intersensory Matching constant), and a 1% increase in 
Intersensory Matching for social events predicted a 0.73-
month (SE = 0.26) increase in Language, p = 0.01 (holding 
Maintenance constant). There was no evidence of signifi-
cant pathways from Shifting/Disengaging or Maintenance 
to Intersensory Matching of social events (see grey dashed 
lines in Fig. 3A). Our analyses thus indicate two distinct 
pathways from MASks for social events to language out-
comes in children with ASD: 1) greater attention to faces 
predicts better language outcomes, and 2) better intersen-
sory matching of faces and voices predicts better language 
outcomes.

TD Children: Pathways from Multisensory Attention 
Skills to Language Outcomes

Unlike children with ASD, for TD children, attention main-
tenance was significantly correlated with shifting/disengag-
ing attention and intersensory matching for social events 
(see Table 7), but only intersensory matching for social 
events (not attention maintenance) predicted language 
outcomes. Thus, for TD children, we tested a model with 
a single pathway to language outcomes: Shifting/Disen-
gaging predicts Maintenance to social events, which in 
turn predicted Intersensory Matching, which in turn pre-
dicted Language (see Fig. 3B).10 This pathway predicted 

Shift/Disengage
(Speed)

Attention 
Maintenance

(Duration)

Intersensory 
Matching
(Accuracy) 

Language
(MSEL Receptive 
and Expressive 

Average)

-.64 (-11.02) **

.97

.54

.39 (.29) *

.50 (.73) *

-.12 (-1.00) ns

.59(A) Children with ASD (n = 21)

Shift/Disengage
(Speed)

Attention 
Maintenance

(Duration)

Intersensory 
Matching
(Accuracy) 

Language
(MSEL Receptive 
and Expressive 

Average)

-.42 (-11.66) *

.82

.38 (5.95) *

.44 .31

.61 (.74) **.82 (.47) ***

.29 (.20) ns

(B) TD children (n = 21)

Fig. 3   Structural equation models depicting relations among multi-
sensory attention skills to social events and language outcomes in A 
Children with ASD and B TD Children (Matched on Nonverbal Men-
tal Age). ASD autism spectrum disorders, TD typically developing. 
Standardized regression coefficients are presented outside the paren-
theses and unstandardized coefficients are presented inside paren-

theses. The proportions of variance unaccounted for by predictor 
variables (error variance) are presented in circles above the outcome 
variables (Attention Maintenance, Intersensory Matching, Language). 
Solid black lines depict significant path coefficients, and dashed grey 
lines depict non-significant path coefficients. *p < .05, **p < .01, 
***p < .001

10  For TD children, we also tested the model depicted in Fig. 3B but 
using nonsocial events. Results indicated no significant pathways 
among MASks for nonsocial events. Further, unlike our model with 
social events, intersensory matching for nonsocial events was not a 
significant predictor of language, p = .57. Thus, the alternative model 
using attention to nonsocial events did not improve our ability to pre-
dict language outcomes in TD children.
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a surprisingly large and significant 68% variance in lan-
guage outcomes in TD children. Shifting/Disengaging 
to social events accounted for 18%, p = 0.05, of the vari-
ance in Maintenance for social events, and a 1 s decrease 
in Shifting/Disengaging was associated with a 11.66% 
(SE = 5.79%) increase in Maintenance, p = 0.05. Together, 
Maintenance and Shifting/Disengaging for social events 
accounted for 56%, p = 0.001, of the variance in Intersen-
sory Matching for social events. A 1% increase in Mainte-
nance was associated with a 0.47% (SE = 0.10) increase in 
Intersensory Matching, p = 0.04 (holding Shifting/Disen-
gaging constant), and a 1 s increase in Shifting/Disengag-
ing was associated with a 5.95% (SE = 2.71%) increase in 
Intersensory Matching, p < 0.001 (holding Maintenance 
constant). Finally, Intersensory Matching and Mainte-
nance for social events accounted for 68%, p < 0.001, of 
the variance in Language; however, this was primarily due 
to variance attributable to Intersensory Matching (Intersen-
sory Matching: R2 change = 0.21, p = 0.003; Maintenance: 
R2 change = 5%, p = 0.12). A 1% increase in Intersensory 
Matching was associated with a 0.74-month (SE = 0.21) 
increase in Language, p = 0.003 (holding Maintenance 
constant). In contrast, Maintenance was not a significant 
predictor of Language (holding Intersensory Matching con-
stant; grey dashed line, Fig. 3B).

These novel findings suggest distinct pathways from 
MASks to language abilities in children with ASD versus 
TD children. For TD children, findings demonstrate media-
tional pathways from shifting/disengaging to faces → atten-
tion maintenance to faces → intersensory matching of faces 
and voices → language. In contrast, in children with ASD, 
intersensory matching of faces and voices does not medi-
ate the relation between attention maintenance to faces and 
language. Attention to faces and intersensory matching of 
faces and voices are unrelated and are thus separate pre-
dictors of language outcomes in children with ASD. Our 
finding that longer attention maintenance to faces does 
not appear to cascade to enhanced intersensory process-
ing of faces and voices and in turn, language, in children 
with ASD has important implications and deserves further 
research.

Discussion

Efficient shifting, disengaging, and maintaining attention to 
social events, as well as detecting audiovisual synchrony 
across faces and voices, are fundamental skills for typical 
language, social and cognitive development (for reviews, see 
Bahrick et al., 2020; Bremner et al., 2012; Colombo, 2001; 
Ruff & Rothbart, 1996). Children with ASD show altered 
patterns of selective attention skills. However, developmen-
tal pathways from these basic skills to social-communicative 

functioning remain unclear (Bahrick & Todd, 2012; Mundy 
& Burnette, 2005). This has been the case in part, because, 
until recently, there have been no fine-grained individual dif-
ference measures of these foundational “multisensory atten-
tion skills” (MASks). As a result, which skills become are 
most affected in atypical development, and which are most 
predictive of developmental outcomes is not known. Here, 
we extend our previous findings characterizing MASks in 
2–5-year-old TD children using the MAAP, to character-
izing MASks in children with ASD. Our findings illustrate 
important patterns of similarities and differences in MASks 
between children with ASD and TD children matched on 
nonverbal mental age (MA-matched TD children). First, they 
show important group differences in MASks in some areas 
but not others. Second, our findings reveal that individual 
differences in MASks in children with ASD predict cogni-
tive and language functioning as well as symptom sever-
ity. Finally, these patterns of similarities and differences are 
elucidated by two new structural equation models depicting 
unique pathways between basic MASks and language out-
comes that differ for children with ASD versus TD controls. 
These novel findings are interpreted in light of our theo-
retical frameworks, the intersensory redundancy hypothesis 
(IRH; Bahrick et al., 2020; Bahrick & Lickliter, 2012) and 
the intersensory disturbance hypothesis (IDH; Bahrick & 
Todd, 2012). A summary of the study’s main findings can 
be found in Table 8.

Group Differences: Multisensory Attention Skills 
in Children with ASD and TD Children

Our prior findings using the MAAP revealed that 2–5-year-
old TD children show (1) atypical MASks (reduced dura-
tion of attention, slowed speed of disengaging, low accuracy 
of intersensory matching) in the presence of an irrelevant 
visual distractor event, (2) correlations among MASks, (3) 
improved attention skills with age, and (4) that individual 
differences in attention to social events predict language 
outcomes. We replicated many of these findings in a sam-
ple of children with ASD, but also found several important 
differences.

Differences in Attention are Evident for Social 
Events but not Nonsocial Events

Differences in MASks between children with ASD and TD 
controls were evident for social (women speaking) but not 
nonsocial events (objects impacting a surface). Specifically, 
compared to TD controls, children with ASD looked less 
at faces, were slower to disengage attention from a distrac-
tor event to look to faces, and showed reduced detection of 
audiovisual synchrony across faces and voices (intersensory 
matching). In contrast, we found no evidence of these group 
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differences in MASks for nonsocial events. These findings 
are consistent with prior studies demonstrating differences in 
attending to social events in children with ASD as compared 
with children of typical development (i.e., social orienting 
impairments; Dawson et al., 1998). For example, children 
with ASD show difficulties in attention maintenance (e.g., 
Dawson et al., 1998; Swettenham et al., 1998), speed of 
disengaging (e.g., Dawson et al., 2004), and intersensory 
perception (e.g., Bebko et al., 2006; Stevenson et al., 2014) 
for social events, but little differences in attending to non-
social events (but see Swettenham et al., 1998). However, 
some studies have reported that children with ASD show 
difficulties in intersensory perception for nonsocial events, 
though these were for simple audiovisual events (e.g., flashes 
and tones) and tasks that require verbal comprehension or 
responses (e.g., Foss-Feig et al., 2010). Thus, our results 
converge with those studies demonstrating patterns of atten-
tional weaknesses for social events, but patterns of atten-
tional strengths for nonsocial events, in children with ASD 
relative to TD controls.

Differences in Attention are Evident in the Context 
of Competing Stimulation but not in Its Absence

Children with ASD and TD children showed atypical MASks 
in the presence (versus absence) of a competing visual dis-
tractor event, with shorter attention maintenance and slower 
speed of disengaging on high than low competition trials. 
Though children with ASD showed lower overall levels 
of attention (lower attention maintenance, slower shifting/
disengaging across all trials), attentional weaknesses were 
most evident under conditions of high attention load (trials 
on which the distractor was present). Further, whereas TD 
children showed evidence of intersensory matching when the 
distractor was absent (but not present), children with ASD 
showed no evidence of intersensory matching in either the 
presence or absence of the distractor event. Consistent with 
prior research, our findings demonstrate patterns of strengths 
in the absence of a distracting event and of weaknesses in the 
presence of a distracting event in children with ASD (e.g., 
Landry & Bryson, 2004; but see Fischer et al., 2013).

Table 8   Summary of study results

Findings Type of competition Event type

High Low Social Nonsocial

Group differences (ASD, TD)
Evidence for differences in MASks
 Attention maintenance Yes No Yes No
 Shifting/disengaging Yes No Yes No
 Intersensory matching No Yes Yes No
 Individual Differences in ASD

Predicting language outcomes
 Attention maintenance Yes No Yes No
 Shifting/disengaging Yes No Yes No
 Intersensory matching No Yes Yes No

Predicting symptom severity
 Attention maintenance Yes Yes Yes Yes
 Shifting/disengaging Yes No Yes No
 Intersensory matching No No No No

Unique pathways from social MASks to language ASD TD

Predictors of Language Attention maintenance Intersensory matching
Intersensory matching

Relations among MASks Shifting/disengaging predicts attention maintenance Shifting/disengaging 
predicts attention 
maintenance

Attention mainte-
nance predicts 
intersensory match-
ing
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Attentional Demands of Social Events 
and Competing Stimulation: Implications 
for Mechanisms of Atypical Development

For TD children, the distractor event appeared to impact 
attention and processing of social and nonsocial events in 
equal manner. However, for children with ASD who have 
more difficulty attending and processing information pro-
vided by social events, the presence of the distractor event 
appeared to disproportionally impact attention to the social 
events, leading to the greatest group differences between 
ASD and TD groups. How should these differences be 
interpreted?

In general, relative to nonsocial events, social events are 
more complex, have more variable movement patterns, and 
provide an extraordinary amount of rapidly changing pat-
terns of intersensory redundancy across face, voice, and ges-
ture (Bahrick & Todd, 2012). Thus, attending and processing 
information provided by social events should generally be 
more difficult and challenging for perceivers than attending 
and processing information provided by nonsocial events. 
Similarly, the task of shifting and sustaining attention to 
a target in the presence of competing stimulation creates 
additional attention load, making the task more difficult 
and requiring greater attentional control. This is consistent 
with our finding that the combination of attending to social 
events, in the context of competing visual stimulation, is 
particularly difficult for children with ASD. It suggests that 
attentional difficulties in children with ASD are most evident 
under conditions of high task difficulty and attentional load. 
These attentional difficulties are thus likely a reflection of 
general processing skills rather than specific difficulties in 
attending to social events. Future studies should assess the 
role of complexity and variability of social and nonsocial 
events when characterizing attentional strengths and weak-
nesses in children with ASD. Though some have argued that 
the typical salience of social events becomes altered in ASD 
(e.g., Gergely, 2001; Hoehl et al., 2009), or that social events 
are less attentionally rewarding (e.g., Dawson et al., 2004), 
we would argue that the parallel patterns of decreased atten-
tion to social events, and to events with competing stimula-
tion, suggest that general processing difficulties cascade dis-
proportionately to social events due to their greater demand 
on attentional resources. This, in turn, may lead to decreased 
preferences for social events in ASD.

Individual Differences: Multisensory Attention 
Skills Predict Language Functioning and Symptom 
Severity in Children with ASD

Although children with ASD showed altered MASks relative 
to nonverbal MA-matched TD controls, both groups showed 

substantial variability in their performance on the MAAP. 
MASks for social events predicted meaningful variability in 
language outcomes for both groups of children, as well as 
symptom severity in children with ASD.

Individual Differences in Multisensory Attention 
Skills for Social Events Predict Language 
Functioning

Children with ASD showed relations between MASks and 
language outcomes that mirrored those of MA-matched 
TD children, as well as some unique patterns of relations. 
For children with ASD and TD children, longer attention 
maintenance and better intersensory matching for social 
events predicted higher receptive and expressive language 
scores on the MSEL. In contrast, for just children with 
ASD, speed of attention disengaging from a central distrac-
tor to social events also predicted receptive and expressive 
language. Further, there was no evidence that MASks for 
nonsocial events predicted language outcomes in children 
with ASD, whereas only one MASk (attention mainte-
nance) for nonsocial events predicted expressive language 
in TD children. These results extend our prior findings 
with 2–5-year-old TD children by demonstrating mean-
ingful relations between MASks and language outcomes 
in children with ASD. They highlight the foundational role 
of MASks in promoting language, social, and cognitive 
development (Bahrick et al., 2020) and the potential of the 
MAAP as a novel tool for early detection of children at risk 
for delayed language functioning.

Individual Differences in Multisensory Attention 
Skills for Social Events Predict Symptom Severity

Children with ASD also showed meaningful relations 
between indices of symptom severity and MASks, particu-
larly for social events. Greater attention to faces and faster 
speed of disengaging to faces predicted lower symptom 
severity scores on the ADOS and, to a lesser extent, the SRS 
(but no relations with SCQ scores were evident). Further, 
relations between MASks and symptoms indexed by ADOS 
standard scores were particularly evident for social events 
when a distractor event was present: attention maintenance 
and speed of disengaging attention to faces in the presence 
of competing stimulation predicted ADOS total and social 
affect scores. In contrast, intersensory matching was not a 
significant predictor of ADOS scores. For nonsocial events, 
few relations between MASks and ADOS scores were evi-
dent. These findings suggest that atypical patterns in some 
of the MASks, particularly attention maintenance and dis-
engaging attention to social events may underlie atypical 
social-communicative functioning in ASD.
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Unique Pathways Between Multisensory Attention 
Skills and Language Outcomes for Children 
with ASD and TD Children

Findings from SEM analyses revealed unique pathways 
from basic MASks for social events to language outcomes. 
We found both striking similarities and differences between 
models for children with ASD and TD children. For TD 
children, a four-part mediational causal chain was evident: 
faster shifting/disengaging to faces predicted longer looking 
at faces, which in turn predicted better matching of faces and 
voices, and in turn language outcomes. This mediational 
chain predicted a surprisingly high 68% of the variance in 
language outcomes (for similar findings, see Bahrick et al., 
2018b). Intersensory matching of face-voice relations was 
the only significant predictor of language outcomes in TD 
children, and it mediated the relation between more basic 
MASks (shifting/disengaging and attention maintenance) 
and language outcomes. In contrast, for children with ASD, 
this four-part causal chain was interrupted and two separate 
pathways to language outcomes emerged: (1) faster shifting/
disengaging to faces predicted longer looking at faces, and 
in turn better language outcomes, and (2) better matching of 
face-voice relations (which was unrelated to shifting/disen-
gaging and looking to faces) predicted better language out-
comes. Attention to faces and face-voice matching together 
predicted 46% of the variance in language outcomes. Thus, 
the link between looking to faces and matching of face-voice 
relations found in TD controls was not evident in children 
with ASD. Instead, for children with ASD, maintaining 
attention to faces and matching faces with voices based on 
common temporal patterns are separate predictors of lan-
guage outcomes. If replicated with larger samples, these 
findings may provide important insights into the relations 
among social attention, intersensory processing of social 
events, and language functioning in early development. 
They also have important implications for interventions to 
improve language.

Our models were guided by and are consistent with the 
predictions of IRH that intersensory processing and selec-
tive attention to certain properties of audiovisual events are 
a foundation for language outcomes (Bahrick et al., 2020; 
Bahrick & Lickliter, 2012). According to the IRH, intersen-
sory processing and efficient unitization of auditory and 
visual stimulation should improve across age as a result of 
experience with audiovisual events, particularly experience 
with faces and voices. Research indicates that in TD chil-
dren, developmental improvements in intersensory process-
ing go hand in hand with enhanced attention to faces and 
voices, and together increase language learning opportuni-
ties provided by caregivers (Edgar et al., 2022). Thus, the 
co-development of social attention and intersensory process-
ing of faces and voices may result from a selective attention 

“feedback loop” (for a similar perspective on child vocaliza-
tions and adult language input, see Warlaumont et al., 2014). 
Children are more likely to attend to the faces of people 
speaking if they are efficiently unitizing auditory and visual 
speech information. In turn, they should have more oppor-
tunities for processing the auditory and visual stimulation 
provided by social events the more they attend to the faces 
of people speaking. This selective attention feedback loop 
provides children with a powerful opportunity to take advan-
tage of language learning opportunities that occur in the 
context of parent–child interactions. Improvements in social 
attention and intersensory processing of faces and voices 
should lead to increased engagement in behaviors that are 
well-established predictors of language, including engage-
ment in joint attention (e.g., Mundy & Burnette, 2005) and 
word mapping (e.g., Gogate & Hollich, 2010).

However, these critical developmental linkages between 
intersensory processing of auditory and visual stimulation, 
social attention, and language development appear to be 
substantially altered in children with ASD. According to 
the predictions of the IDH, small disturbances in unitizing 
faces and voices may lead to the reduced salience and pro-
cessing of faces and voices, which in turn may cascade into 
worsening language outcomes. Thus, decreased efficiency in 
the unitization of faces and voices may attenuate the selec-
tive attention feedback loop, such that attention to faces and 
face-voice matching may develop relatively independently 
of one another in children with ASD. Consistent with the 
predictions of the IDH, findings from our model demonstrate 
that attention to faces and face-voice matching were unre-
lated to one another yet were separate predictors of language 
outcomes. This attenuated feedback loop may also result in 
different developmental trajectories for attention to faces and 
matching faces and voices.

Given the lack of connection we found between atten-
tion to faces and face-voice matching in ASD, the develop-
ment of these attention skills may follow relatively inde-
pendent developmental trajectories such that developmental 
improvements in one behavior (e.g., attention to faces) may 
not accompany improvements in the other (e.g., face-voice 
matching) yet each may still facilitate language learning. 
For example, enhanced attention to faces in the context of 
parent–child interactions, regardless of the ability to match 
faces and voices, may lead to increased parent language 
input (a well-established predictor of child language out-
comes; (e.g., Hart & Risley, 1995). Further, efficient match-
ing of faces and voices, regardless of attention to faces, may 
also lead to language learning opportunities, even with 
reduced parent language input. For example, temporally 
synchronous auditory and visual stimulation (labeling and 
gesture) may facilitate object-label mapping (e.g., Gogate 
& Hollich, 2010). Thus, both the attenuated feedback loop 
and the possibility of relatively independent developmental 
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trajectories for attention to faces and face-voice matching 
may in part explain why enhanced attention to faces does not 
lead to greater face-voice matching in children with ASD.

Another reason why enhanced attention to faces may 
not result in greater face-voice matching in ASD may be 
gleaned from recent eye-tracking studies in children with 
ASD. They suggest that children with ASD and TD children 
may show selective attention to different parts of the face. 
Some studies indicate that TD children show greater atten-
tion to the mouth as compared with the eyes at the ages dur-
ing which they are first learning a language (e.g., Lewkowicz 
& Hansen-Tift, 2012; Tenenbaum et al., 2015). It is thought 
that greater attention to the mouth reflects a greater prefer-
ence for face-voice synchrony, although this has not yet been 
directly tested. In contrast, some studies show that children 
with ASD show preferences for the eyes over the mouth 
of a speaking face (e.g., Campbell et al., 2014; Chawarska 
et al., 2012). However, other studies have found contradic-
tory results, with preferences for the mouth over the eyes 
in ASD (e.g., Jones et al., 2008; Jones & Klin, 2013; for 
a reviews, see Klin et al., 2015). Thus, future research is 
needed to characterize the conditions under which attention 
is directed to the mouth versus the eyes, and relations with 
language outcomes in children with ASD (e.g., Chawarska 
et al., 2022), as well as to test the mechanisms underlying 
these different attention patterns.

In sum, findings from our models, guided by and con-
sistent with predictions of the IRH and IDH, provide novel 
insights into the developmental pathways from basic atten-
tion and processing of audiovisual events to language out-
comes in children with ASD and TD children. They high-
light the importance of the developmental links between 
social attention and intersensory processing in typical 
development, as well as the consequences of a breakdown 
between these behaviors in children with ASD. Character-
izing the developmental trajectories and relations between 
social attention and intersensory processing using longitudi-
nal designs is an important goal for future research.

Multisensory Attention Skills in Children 
with ASD

We developed the term “multisensory attention skills” 
(MASks) to examine under a single conceptual framework, 
three attention skills typically studied separately (duration 
of attention, speed of shifting/disengaging, accuracy of 
intersensory processing; Bahrick et al., 2020). We consider 
these basic MASks to be foundational for more complex lan-
guage, social, and cognitive outcomes (Bahrick et al., 2018a, 
2018b, 2020). Further, children with ASD show patterns 
of attentional strengths and weaknesses in these skills. The 
MAAP can, for the first time, characterize variability in these 

MASks at a fine enough level of detail so that developmental 
trajectories of attention and links with developmental out-
comes can be meaningfully assessed. Further, unlike most 
methods, it provides a common measure that can be used 
across infancy and early childhood. This allows researchers 
to assess individual differences and developmental trajecto-
ries across a transition period when developmental disorders 
are often diagnosed, and interventions are most effective.

Limitations and Future Directions

Some future directions and limitations should be noted. First, 
we did not include a control group of children with general 
developmental delays (e.g., Downs Syndrome) matched 
with children with ASD on both mental and chronologi-
cal age. Comparisons between these two groups of children 
would allow researchers to characterize which attentional 
strengths and weaknesses are specific to ASD and which are 
due to general developmental delays. Second, though our 
sample size was sufficient for identifying medium or larger 
effects, we were likely underpowered for identifying smaller 
effects. Thus, in important goal for future research will be 
to replicate these findings (particularly those from our SEM 
findings) with sufficient sample sizes for identifying smaller 
effects. Third, in the present study, there were more social 
than nonsocial trials (16 versus 8 trials). One might thus 
speculate that estimates of MASks on social trials were more 
stable and less impacted by outliers than on nonsocial trials. 
However, analyses indicate equivalent amounts of individual 
variability on social and nonsocial trials for children with 
ASD and TD children, suggesting no difference in stability 
of the measures. An updated version of the MAAP provides 
an equal number of social and nonsocial trials (12 each; 
see Edgar et al., 2022). Fourth, there were too few females 
with ASD enrolled into the study to assess potential sex dif-
ferences. However, our prior research with TD infants and 
children found no evidence of sex differences on MASks or 
relations between MASks and language outcomes (Bahrick 
et al., 2018b; Edgar et al., 2022). Fifth, we were unable to 
derive a model of pathways between MASks and atypical 
social functioning/symptom severity in children with ASD. 
A more fine-grained measure of intersensory processing, 
such as the IPEP (Bahrick et al., 2018a), may be capable of 
revealing relations between intersensory processing of faces 
and voices and symptom severity in children with ASD. 
Sixth, future research should also assess whether the MAAP 
may be useful for detecting atypical attention patterns in 
infants and children at-risk for later developmental prob-
lems. Given that the MAAP can be administered to infants 
as young as 3 months of age, the MAAP shows promise as 
a clinical tool for the detection of atypical patterns of atten-
tion indicating risk for later atypical language functioning. 
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This would enable interventions to be administered while 
these patterns of attention are still developing and before 
attention disturbances cascade into worsening language and 
social functioning.

Finally, despite a greater understanding of the importance 
for MASks in early development, developmental trajectories 
of MASks and relations with cognitive, language, and social 
outcomes in remain relatively unexplored. Developmental 
norms characterizing the early development of MASks in 
TD children are needed as a foundation for identifying the 
atypical development of these skills. To address this need, 
we are building a large database to characterize trajecto-
ries of the typical development of MASks from 3 through 
60 months of age, along with relations with cognitive, lan-
guage, and social outcomes. This can then serve as a base-
line for identifying atypical patterns of attention.
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