
COMMENTARY

Auditory–Visual Misalignment: A Theoretical Perspective on
Vocabulary Delays in Children With ASD
Courtney E. Venker , Allison Bean and Sara T. Kover

In this commentary, we describe a novel theoretical perspective on vocabulary delays in children with autism spectrum
disorder (ASD)—a perspective we refer to as auditory–visual misalignment. We synthesize empirical evidence that: (a) as a
result of differences in both social and nonsocial visual attention, the auditory–visual statistics available to children with
ASD for early word learning are misaligned; (b) this auditory–visual misalignment disrupts word learning and contributes
to the vocabulary delays shown by children with ASD; and (c) adopting a perspective of auditory–visual misalignment
has important theoretical and clinical implications for understanding and supporting vocabulary development in chil-
dren with ASD. Theoretically, the auditory–visual misalignment perspective advances our understanding of how atten-
tional differences impact vocabulary development in children with ASD in several ways. By adopting the point of view of
the child, we provide a framework that brings together research on social and domain-general visual attention differences
in children with ASD. In addition, the auditory–visual misalignment perspective moves current thinking beyond how
misalignment disrupts vocabulary development in the moment, and considers the likely consequences of misalignment
over developmental time. Finally, considering auditory–visual misalignment may assist in identifying active ingredients
of existing language interventions or in developing new interventions that deliver high quality, aligned input. Future
research is needed to determine how manipulating auditory–visual alignment changes word learning in ASD and whether
the effects of auditory–visual misalignment are unique to ASD or shared with other neurodevelopmental disorders
or sources of language impairment. Autism Research 2018, 11: 1621–1628. © 2018 International Society for Autism
Research, Wiley Periodicals, Inc.

Lay Summary: This article describes a new way of thinking about vocabulary delays in children with autism spectrum dis-
order (ASD). We suggest that children with ASD may have difficulty learning words because their attention is not tuned
in to what is most important for learning, creating a mismatch between what they see and what they hear. This perspec-
tive brings together research on different types of attentional differences in people with ASD. It may also help us to
understand how language interventions work.
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Introduction

Many children with autism spectrum disorder (ASD)
demonstrate delayed vocabulary development [Charman
et al., 2003; Charman, Howlin, Berry, & Prince, 2004;
Ellis Weismer, Lord, & Esler, 2010; Luyster, Kadlec, Car-
ter, & Tager-Flusberg, 2008; Paul, Chawarska, Cicchetti, &
Volkmar, 2008], yet the word-learning mechanisms that
support lexical acquisition appear to be largely intact
[Haebig, Saffran, & Ellis Weismer, 2017; Mayo & Eigsti,
2012; Naigles, Kelty, Jaffery, & Fein, 2011; Swensen, Kel-
ley, Fein, & Naigles, 2007]. This seemingly incongruent
finding of delayed vocabulary development and intact
word-learning mechanisms has led to the proposal that

vocabulary delays in children with ASD are due not to
impaired learning mechanisms per se, but to difficulty
with intake of the input resulting from disruptions
in supporting cognitive systems, such as attention
[Arunachalam & Luyster, 2016; Tenenbaum, Amso,
Righi, & Sheinkopf, 2017].

However, inefficient intake of language input due to
disruptions in supporting cognitive systems may not
fully explain the word learning difficulties experienced
by children with ASD. In the current commentary, we
suggest that disruptions in one cognitive system (atten-
tion) play a critical role—not only limiting intake of the
input, but fundamentally changing the input itself, with
clear consequences for lexical acquisition. The rationale
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is that differences in visual attention among children
with ASD alter the co-occurrences these children perceive
between auditory and visual information (i.e., words, and
the objects, or events they describe), resulting in a misa-
lignment of the auditory–visual statistics available for
vocabulary development.
Our goal in this commentary is to describe how differ-

ences in visual attention among individuals with ASD
produce a mismatch of statistical co-occurrences that we
refer to as auditory–visual misalignment, and how such
auditory–visual misalignment is likely to contribute to
vocabulary delays in children with ASD. We do not com-
prehensively review scientific evidence of differences in
visual attention among individuals with ASD, as others
have done [Bottema-Beutel, 2016; Keehn, Muller, &
Townsend, 2013; Sacrey, Armstrong, Bryson, & Zwaigen-
baum, 2014]. Instead, we synthesize empirical evidence
that: (a) as a result of differences in both social and non-
social visual attention, the auditory–visual statistics avail-
able to children with ASD for early word learning are
misaligned; (b) this auditory–visual misalignment dis-
rupts word learning and contributes to the vocabulary
delays shown by children with ASD; and (c) adopting a
perspective of auditory–visual misalignment has impor-
tant theoretical and clinical implications for understand-
ing and supporting vocabulary development in children
with ASD.
Although we fully acknowledge the importance of

auditory attention in language development in children
with ASD [Foss-Feig, Schauder, Key, Wallace, & Stone,
2017], the current commentary focuses on how visual
attention impacts the alignment of auditory–visual statis-
tics relevant for vocabulary acquisition.

Auditory–Visual Co-Occurrences in Early Word
Learning: Theoretical Basis

Much of early word learning relies on children’s ability to
associate the words they hear with the objects or events
they see. For example, children learn that “ball” describes
a round toy and that “jumping” refers to the act of pro-
pelling oneself off the ground. Thus, the relevant input
for early word learning is largely comprised of correlated
auditory and visual statistics: objects/events, and the
words that describe them. Although the world presents
many things to see and hear, children cannot make use
of all of these auditory–visual co-occurrences. Instead,
children must focus on some things to the exclusion of
others, thereby constraining the statistics to which they
are exposed [Smith, Suanda, & Yu, 2014]. Children, there-
fore, play a key role in constructing the auditory–visual
statistics they experience, because they control where
they direct their visual attention at any given time

[Pruden, Hirsh-Pasek, Golinkoff, & Hennon, 2006;
Smith & Yu, 2008; Tenenbaum et al., 2017].

When children’s visual attention is tuned in to what is
relevant for a given learning opportunity, they accumu-
late auditory–visual statistics that are aligned (i.e., related
to one another). For example, a child’s ability to follow
an adult’s point and verbal cue to, “Look at the doggie!”
produces alignment between what the child sees (the
doggie) and what the child hears (e.g., “Look at the dog-
gie! He’s running so fast!”). As a result of this auditory–
visual alignment, the child has an opportunity to either
learn new words or strengthen existing representations.
The role of auditory–visual alignment in vocabulary
development is important to consider because, as out-
lined by the developmental-dynamic view of word learn-
ing, when a word and an object/event co-occur,
associative learning mechanisms strengthen the link
between them [Kucker, McMurray, & Samuelson, 2015;
Tamis-LeMonda, Kuchirko, & Song, 2014]. Indeed, tem-
poral co-occurrences plays a major role in determining
the probability that two pieces of information will be
associated [Rovee-Collier, 1995; Tamis-LeMonda et al.,
2014]. In this way, looking at the right thing at the right
time allows children to build up correct associations
between words and their referents, and prune away incor-
rect or inconsistent ones, which supports learning in the
moment and gradually produces a functional vocabulary
[Kucker et al., 2015].

Auditory–Visual Alignment and Language in
Typical Development

Although it is not usually described using this terminol-
ogy, there is strong empirical evidence that auditory–
visual alignment supports vocabulary development in
children with typical development (and that auditory–
visual misalignment disrupts it). Much of this evidence
comes from observational studies demonstrating a link
between young children’s language, and the extent to
which they initiate or respond to bids for shared, object/
event-focused attention. In typical development, young
children often follow adult eye-gaze, points, or verbal
cues, or produce these cues themselves to direct people to
the things that interest them—a set of related behaviors
referred to, respectively, as responding to joint attention
(RJA) and initiating joint attention [IJA; Bakeman &
Adamson, 1984; Brooks & Meltzoff, 2005; Mundy &
Gomes, 1998; Tomasello & Farrar, 1986]. From an align-
ment perspective, joint attention behaviors are important
because they create many instances in which adults and
children are looking at (and likely talking about) the
same aspects of the world—in other words, auditory–
visual alignment.
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If auditory–visual alignment is beneficial, then interact-
ing with the world in a way that produces an accumula-
tion of aligned visual–auditory statistics should support
vocabulary development. In line with this argument,
children who have better joint attention skills early in life
have better language skills later in life. Even before the
age of two, toddlers’ ability to follow adult gaze is posi-
tively associated with language abilities [Brooks & Meltz-
off, 2005; Mundy & Gomes, 1998]. Observational work
using head cameras also provides supporting evidence:
when parents label novel objects during naturalistic play
interactions, the objects children learn the labels for are
the objects they were looking at before, during, and after
the label was presented [Pereira, Smith, & Yu, 2014].

There is also growing evidence from experimental
word-learning studies that auditory–visual alignment
helps children link new words and their meanings. Axels-
son, Churchley, and Horst [2012] found that word learn-
ing in 24-month olds with typical development was
enhanced when children’s visual attention was focused
on target objects, rather than on competitors. Based on
these findings, the authors suggested that sustained
attention on a target object, “facilitates the processing
and encoding of information about the novel object, the
novel name, and their association, such that this infor-
mation can be recalled after a delay” (p. 7). Similarly,
Pomper and Saffran [2018] found that typically develop-
ing 3-year olds’ ability to identify named referents, as well
as learn and retain word meanings, was disrupted when a
salient competitor object pulled children’s attention
away from the target object. For typically developing chil-
dren, it appears that looking at the right thing at the right
time facilitates word learning, whereas looking the wrong
thing can be detrimental. What does this mean for chil-
dren with ASD, whose differences in visual attention are
likely to produce relatively high rates of auditory–visual
misalignment?

Auditory–Visual Misalignment and Language in
Children with ASD

Social Attention

Children with ASD are less likely than children with typi-
cal development to engage in shared, object/event-
focused attention [Bottema-Beutel, 2016; Kasari, Sigman,
Mundy, & Yirmiya, 1990; Mundy & Jarrold, 2010;
Mundy, Sigman, & Kasari, 1990]. Thus, they are more
likely to experience situations in which they hear a label
for one object or event, while looking at another—audi-
tory–visual misalignment. For example, imagine that the
child in our earlier example had been unaware of, had
misunderstood, or had been unwilling or unable to fol-
low the adult’s cues to look at the running dog. Instead
of receiving aligned auditory–visual statistics, the child

would have received auditory input that was not aligned
with what he was seeing at that moment (e.g., a sitting
cat). This auditory–visual misalignment may have pre-
vented him from learning new words or strengthening
their representations, and may even have resulted in
incorrect learning—which, over time, could decrease this
child’s motivation for vocabulary acquisition [Baron-
Cohen, Baldwin, & Crowson, 1997].

In addition to disrupting learning in the moment,
auditory–visual misalignment may disrupt vocabulary
development over the long term, as the child was
exposed to many spurious (i.e., incorrect or irrelevant)
associations between words, and objects or events. Con-
sistent with this proposal, there is empirical evidence that
auditory–visual misalignment resulting from differences
in social attention can disrupt vocabulary learning and
may have a cascading impact on language development
in the long term. Just as in typical development, a stron-
ger ability to create alignment (by exhibiting RJA and IJA)
is associated with better language abilities in children
with ASD [Bono, Daley, & Sigman, 2004; Bottema-Beutel,
2016; Kasari, Gulsrud, Freeman, Paparella, & Hellemann,
2012]. Furthermore, joint attention intervention can lead
to gains in language skills in young children with ASD,
particularly in children with the most severe initial lan-
guage delays [Kasari, Paparella, Freeman, & Jah-
romi, 2008].

Perhaps some of the clearest evidence that misalign-
ment can be problematic comes from an experimental
study by Baron-Cohen et al. [1997]. In this study, chil-
dren with ASD learned new words correctly when the
experimenter labeled objects within the children’s focus
of attention. However, the majority of children made
mapping errors when the experimenter labeled objects
only within the experimenter’s focus of attention. In
such cases, children associated the novel words within
their own focus of attention, rather than the object the
experimenter was looking at and thus had intended to
label. These findings provide evidence that misalignment
can lead to incorrect learning in children with ASD.
Although additional empirical evidence of incorrect word
learning in children with ASD is scarce, idiosyncratic
word usage (tracked through anecdotal reports) may also
be the product of incorrect learning. For example, Baron-
Cohen et al. [1997] described a child who referred to a
toy truck as a “sausage.” “In this case, the child’s mother
explained that the toddler had been playing with a toy
truck when the mother said, ‘Tommy, come and eat your
sausage.’ At the time, the child had been looking at his
toy truck on the floor while the mother was facing away,
looking at the plate of food on the table. The child had
presumably failed to check the mother’s direction of gaze,
and so had learned the wrong association” (p. 50).

In addition to potentially producing incorrect learning,
auditory–visual misalignment may result in the absence
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of learning—a point illustrated by Tenenbaum
et al. [2017]. Although social cues are often beneficial,
attending to social stimuli can be detrimental if they are
not aligned with the linguistic input most relevant for
word learning. Greater attention to a speaker’s mouth has
been shown to be associated with better language abilities
in children with ASD and typical development [Tenen-
baum, Amso, Abar, & Sheinkopf, 2014]—potentially
because attention to the mouth is beneficial for learning
phonology [e.g., Lewkowicz & Hansen-Tift, 2012]. Given
this evidence, Tenenbaum et al. hypothesized that direct-
ing children to focus on a speaker’s mouth would also
support the learning of new words. Contrary to expecta-
tions, children with ASD failed to learn new words when
an adult pointed at her mouth while labeling a novel
object. The authors proposed that, “pointing to the
mouth of the speaker distracted the participants from the
target object and resulted in failure to connect the object
with the target label” [Tenenbaum et al., 2017, p. 12]—a
clear example of how auditory–visual misalignment can
prevent children from successfully learning new words.

Domain-General Attention

Although differences in social attention are a defining
feature of ASD, differences in domain-general attention
have also been identified. Individuals with ASD show dif-
ferences in what aspects of the environment capture their
attention (i.e., attentional preferences) and how long
their attention is held by particular things. Attention allo-
cation in individuals with ASD is strongly driven by per-
ceptual salience, regardless of the social nature of the
stimuli [Pierce et al., 2016; Pierce, Conant, Hazin,
Stoner, & Desmond, 2011]. Individuals with ASD show
an increased interest in geometric patterns [Amso, Haas,
Tenenbaum, Markant, & Sheinkopf, 2014] and in certain
objects, such as trains [Sasson, Elison, Turner-Brown,
Dichter, & Bodfish, 2011; Sasson, Turner-Brown, Holtzc-
law, Lam, & Bodfish, 2008; Unruh et al., 2016]. Eye-
tracking studies [Sasson et al., 2008, 2011] have shown
that children with ASD explore fewer stimuli in their
environment (patterns of perseveration and circum-
scribed interest), and the things they look at, they explore
in a more detail-oriented way. Once they are looking at
something, they may have difficulty disengaging their
attention—either taking longer to look away or not look-
ing away at all [Elsabbagh et al., 2009, 2013; Landry &
Bryson, 2004; Sacrey et al., 2014].
As with social attention, differences in domain-general

attention can produce auditory–visual misalignment.
Children will receive misaligned auditory and visual
information if they look at something that interests them
rather than something an adult is talking about, or if they
fail to disengage attention in a timely manner. Even
seemingly brief delays of a few hundred milliseconds

may create misalignment at key moments in time.
Because actions can be fleeting, action verbs may be par-
ticularly affected—a lag in shifting attention may mean
that the visual stimuli that were relevant for learning are
no longer aligned with incoming auditory information
by the time the child shifts attention. Other types of
words may be relatively less affected by difficulties in dis-
engaging attention. For example, sound effects may fre-
quently be paired with movement (e.g., when a parent
moves a toy dog around while making barking sounds).
This auditory–visual synchrony may be more likely to
capture attention [Bahrick & Lickliter, 2000; Bahrick,
Lickliter, & Flom, 2004], thereby increasing the likeli-
hood that the child will look at the relevant visual infor-
mation. Determining how different types of words
(e.g., prepositions, adjectives) are relatively more or less
affected by auditory–visual misalignment in children
with ASD is an important area for future research.

The relationship between domain-general attentional
differences and vocabulary development in children with
ASD has received relatively limited empirical consider-
ation. However, there is growing correlational evidence
that domain-general attentional differences may produce
auditory–visual misalignment that is detrimental for
vocabulary development. Amso et al. [2014] found that
children with ASD whose visual attention was driven
most strongly by perceptual salience showed particularly
severe impairments in language comprehension. In other
work, researchers found that toddlers with ASD who pre-
ferred to look at geometric images (rather than social
images) also had weaker language skills [Pierce et al.,
2016]. Venker [2017] found that poorer visual disengage-
ment was associated with poorer recognition of familiar
words. Although the previous studies did not examine
the impact of autism symptomology, Bavin et al. [2014]
reported that in a word recognition task children with
more severe autism symptoms were more likely to experi-
ence a mismatch between auditory and visual informa-
tion. Bavin et al. [2014] suggested that, “Children who
are slower or who are less likely to match auditory and
visual information are at risk for misunderstanding the
language addressed to them. Since linguistic input is so
rapid, if children are slow even by a few hundred millisec-
onds in processing lexical items, the effect will accumu-
late over the course of a sentence…” (pp. 692–693).
Though a full discussion is beyond the scope of this com-
mentary, it is also possible that slowed auditory proces-
sing speed or other differences in auditory attention in
individuals with ASD could lead to auditory–visual misa-
lignment, even if auditory and visual input appear to be
aligned from the perspective of the person providing lin-
guistic input.

Increasing evidence of a link between domain-general
attention and language in children with ASD has led
some research groups to suggest that differences in
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domain-general attention may negatively affect language
development [Amso et al., 2014; Keehn et al., 2013;
Pierce et al., 2016]. Although this work has considerably
advanced the way we think about attention and language
in individuals with ASD, the proposals made thus far
have been relatively broad—perhaps due in part to the
fact that these studies have primarily used omnibus mea-
sures of language ability that cover multiple domains
(e.g., vocabulary, grammar, early literacy). The auditory–
visual misalignment perspective proposed here builds on
these previous proposals by identifying a specific aspect
of language likely to be disrupted—vocabulary
development—and a mechanism through which this dis-
ruption may take place—misalignment of auditory–visual
statistics.

Conclusion

As described by Smith et al. [2014], “…the data available
to any statistical learning machinery are not the data in
the real world, but only a subset of that data that makes
contact with the…learning system” (p. 254). Thus, chil-
dren’s attentional focus does more than simply limit
what a child learns from the statistics in the environment
that are relevant for early word learning—attention
determines what those statistics are going to be. This is
important to consider because the auditory–visual
co-occurrences perceived by the child define what regu-
larities are extracted from the input (i.e., what is learned).
Infants and children, including those with ASD [Haebig
et al., 2017; Mayo & Eigsti, 2012; Venker, in press], are
sensitive to environmental statistics through mere expo-
sure, even when they are not instructed to learn [Aslin,
2017; Erickson & Thiessen, 2015; Saffran, Aslin, & New-
port, 1996; Vouloumanos & Werker, 2009]. If looking at
the right thing at the right time facilitates vocabulary
development, then looking at the wrong thing is likely to
be quite problematic.

In this commentary, we have presented evidence that
because of a host of attentional differences in children
with ASD, the linguistic input these children hear is less
likely to be related to what they see at any given time—a
phenomenon we refer to as auditory–visual misalign-
ment. We have also presented evidence that because
auditory–visual alignment disrupts the statistics available
for word learning, it is likely to disrupt vocabulary devel-
opment in children with ASD. Theoretically, this perspec-
tive of auditory–visual misalignment advances our
understanding of how attentional differences impact
vocabulary development in children with ASD in three
primary ways.

First, by adopting the point of view of the child—the
auditory–visual statistics a child is taking in—we provide
a framework that brings together research on social and

domain-general visual attention differences in children
with ASD. This perspective emphasizes not the character-
istics of visual stimuli in isolation (e.g., whether a child is
looking at a person or an object), but whether the visual
stimuli a child is looking at are relevant to the linguistic
input. That is, attention to an irrelevant stimulus pro-
duces misalignment and detracts from a learning oppor-
tunity, regardless of whether that stimulus is social or
non-social [see Tenenbaum et al., 2017].

Second, the auditory–visual misalignment perspective
moves current thinking beyond how misalignment dis-
rupts vocabulary development in the moment, and con-
siders the likely consequences of misalignment over
developmental time [Kucker et al., 2015]. Typically devel-
oping infants experience transient phases of inflexible
visual attention driven by perceptual salience [Hollich
et al., 2000; Johnson, Posner, & Rothbart, 1991; Pruden
et al., 2006; Smith et al., 2014]. In contrast, children with
ASD experience these characteristics of visual attention
for a protracted time, perhaps through adulthood [Kawa-
kubo et al., 2007], likely resulting in cumulative effects
on vocabulary development. Even subtle misalignment
accruing over time would create inconsistencies and
ambiguities in auditory–visual statistics, altering and/or
slowing the development of robust lexical representa-
tions [also see Baron-Cohen et al., 1997]. In this way,
misalignment may help to explain why even children
with ASD who eventually develop age-appropriate or pre-
cocious language abilities show early language delays,
despite strong processing and learning skills.

Finally, considering auditory–visual misalignment may
assist in identifying active ingredients of existing lan-
guage interventions or in developing new interventions
that deliver high quality, aligned input. For example, this
perspective provides a framework for understanding how
parental verbal responsiveness might facilitate vocabulary
development over time [also see Tamis-Lemonda et al.,
2014]. McDuffie and Yoder [2010] found that the fre-
quency of parent comments related to the child’s focus of
attention uniquely predicted children’s later spoken
vocabulary, controlling for child engagement with
objects. Thus, children with ASD demonstrated better
vocabulary outcomes when their parents used a strategy
that facilitated auditory–visual alignment. In describing
the value of follow-in comments for facilitating vocabu-
lary development, McDuffie and Yoder [2010] stated that,
“Such utterances would make the associative pairing
between label and referent more explicit and would take
advantage of temporal contiguity as a passive support to
facilitate accuracy and efficient word learning” (p. 11).

Of course, the perspective described here is only one of
many potential explanations of vocabulary delays in chil-
dren with ASD; many other factors are likely to play a
role. In particular, social communication remains an
important part of vocabulary development. Children
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with ASD have difficulty monitoring and assessing social
intent, which can make word learning more difficult [Par-
ish-Morris, Hennon, Hirsh-Pasek, Golinkoff, & Tager-
Flusberg, 2007; Preissler & Carey, 2005] and may lead to
inappropriate generalization of word meanings [McGre-
gor & Bean, 2012].
In our view, the auditory–visual misalignment perspec-

tive identifies several important avenues for future
research. The explanatory value of auditory–visual misa-
lignment should be tested by prospective, longitudinal
studies of young children with or at risk for ASD that
measure children’s language and attention skills—as well
as their language-learning environments—at multiple
points over early development. All else equal, this per-
spective would predict that children with ASD who expe-
rience higher rates of auditory–visual alignment would
develop stronger vocabulary skills. Furthermore, individ-
ual differences in the amount of auditory–visual misa-
lignment children experience may impact vocabulary
development. Additional work is needed to determine
the extent to which auditory–visual misalignment may
produce incorrect learning [as seen in the study by
Baron-Cohen et al., 1997] versus slow learning or the
absence of correct learning. Such work would also shed
light on the learning mechanisms that underlie vocabu-
lary development—an issue of theoretical interest in typi-
cal development [Smith & Yu, 2008; Trueswell, Medina,
Hafri, & Gleitman, 2013] as well as atypical development.
Future research will also be required to determine how
manipulating auditory–visual alignment changes word
learning in children with ASD and whether the effects of
auditory–visual misalignment are unique to ASD or
shared with other neurodevelopmental disorders or
sources of language impairment.
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