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Abstract

Early identification and early intervention for children with Autism Spectrum
Disorder (ASD) are crucial for their developmental outcomes. Vocalizations re-
fer to sounds produced by children before they learn to speak. Existing research
has demonstrated that atypical non-speech-like and speech-like vocalizations are
potential identification markers for children with ASD before age two. Theoret-
ical explanations for vocalization abnormalities in children with ASD primarily
include motivation-oriented, neuromotor-oriented, perceptual-oriented, and so-
cial feedback-oriented theories. Future research may consider exploring the pos-
sibility of vocalization abnormalities as unique early identification markers for
children with ASD, strengthening investigations into crying in early screening
of ASD children, exploring automated learning classification models based on
the most predictive acoustic parameter sets, examining the influence of intrinsic
and social motivation on speech-like vocalizations in children with ASD, and
further investigating the neural mechanisms underlying speech-like vocalization
abnormalities in children with ASD. This would thereby provide more objec-
tive theoretical foundations for the early identification and early intervention of
children with ASD.

Full Text

Common Analysis Indicators in Vocalization Research

The following terminology is used throughout vocalization studies in autism
spectrum disorder (ASD) research:

Non-Speech-Like Vocalizations: Vocal sounds that are not speech-like, di-
vided into fixed signal sounds and vegetative sounds (the latter being reflexive
sounds like coughing, hiccups, and sneezing that are typically excluded from
analysis).
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o Pleasure/Delight Sounds: Sounds expressing positive emotions, such
as laughter.

e Atypical Vocalizations: Non-typical sounds primarily including high-
pitched screams, low-pitched roars, and high-intensity cries.

e Distress Sounds: Vocalizations associated with negative emotional
states, mainly including intense crying and wailing.

Acoustic Parameters: - Fundamental Frequency (f0): The number of
vocal fold vibrations per second, reflecting voice pitch. - Pause Length: The
duration of pauses between cry episodes. - Cry Duration: The length of
individual crying episodes.

Speech-Like Vocalizations: Sounds with phonetic structure but without lin-
guistic meaning.

¢ Quasivowel: Weak, low-pitched sounds sometimes with nasal quality,
produced with closed glottis, minimal respiratory support, short duration
(typically <100ms), and insufficient energy above 2000Hz, making them
difficult to transcribe as vowels.

e Vowel: Produced with open glottis and clear formant structure.

¢ Vocal Complexity: The frequency, consistency, and diversity of speech-
like vocalizations, including non-canonical syllable frequency (quasivowels,
single vowels, single consonants, marginal syllables), canonical syllable
proportion/frequency, and consonant types.

e Marginal Syllable: Also called marginal babbling, slow CV sequences
with long transition time (>250ms) between consonant (C) and vowel (V).

o Canonical Syllable: Includes single CV syllables and canonical babbling
composed of two or more CV sequences with rapid transitions (<250ms).
Canonical babbling includes reduplicated syllables (identical CV combina-
tions) and non-reduplicated syllables (varied CV combinations).

e Complex Syllable: Includes single syllables other than CV (VC, CCV),
complex disyllables (VCV, VCVC), and multisyllabic strings with or with-
out stress and intonation (VCVCV, VCVCCYV).

¢ Communicative Vocalization: Vocalizations clearly intended to com-
municate with others through eye contact and gestures, such as the pro-
portion of vocalizations used for communication and the number of com-
municative vocalization behaviors.

Nonspeech-Like Vocalizations in ASD
Fundamental Frequency Characteristics

Research on nonspeech-like vocalizations in ASD children primarily examines
three aspects: frequency/rate of nonspeech vocalizations, and acoustic features
of cries including fundamental frequency, pause length, and duration. While
findings on vocalization frequency and proportion remain inconsistent (e.g.,
Plumb & Wetherby, 2013; Schoen et al., 2011), conclusions regarding atypical
cry acoustic features are relatively consistent: children with ASD show higher

chinarxiv.org/items/chinaxiv-202110.00062 Machine Translation


https://chinarxiv.org/items/chinaxiv-202110.00062

ChinaRxiv [$X]

fundamental frequency and shorter pause lengths and durations compared to
typically developing (TD) children (e.g., Bornstein et al., 2016; Esposito et al.,
2014; Esposito et al., 2015).

Fundamental frequency serves as the most informative parameter for character-
izing cry acoustics (Lester & Gasse, 2020) and has been widely used in ASD
research. Cry samples have been collected from both non-distress contexts (fa-
miliar or novel situations) and naturalistic distress contexts. Studies consistently
show that children with ASD exhibit higher cry fundamental frequency than TD
peers. Retrospective home video analyses of infants later diagnosed with ASD
reveal that between 5-18 months, ASD infants produce higher fundamental fre-
quency in non-distress cries compared to TD infants (Bornstein et al., 2016;
Esposito et al., 2012, 2013; Esposito et al., 2015; Esposito & Venuti, 2010a,
2010b). These findings are supported by studies of 15-month-old high-risk in-
fants and older toddlers (36-52 months) in novel situations (Esposito et al., 2014;
Ozturk et al., 2018). Prospective research further indicates that 6-month-old
high-risk infants show higher fundamental frequency in distress cries compared
to low-risk infants, with infants later diagnosed with ASD showing the highest
fundamental frequency across both cry types (Sheinkopf et al., 2012). This ev-
idence suggests that elevated cry fundamental frequency may serve as an early
identification marker for ASD, with higher distress cry fundamental frequency
potentially representing a more sensitive indicator.

Pause Length and Duration Characteristics

Pause length and cry duration reflect respiratory control capabilities (LaGasse
et al., 2005) and have been extensively investigated in ASD infant cry research.
Studies consistently demonstrate that children with ASD exhibit shorter pause
lengths and cry durations than TD peers. Research shows that 12-13-month-old
infants with ASD have significantly shorter pause lengths than TD infants (Es-
posito et al., 2012, 2013; Esposito et al., 2015; Esposito & Venuti, 2009; Venuti
et al., 2012). Prospective studies reveal that high-risk infants show shorter cry
durations at 12 and 15 months, with infants later diagnosed with ASD showing
the shortest durations (Esposito et al., 2014; Unwin et al., 2017). These find-
ings indicate that reduced pause length and cry duration may constitute early
identification markers for ASD.

Speech-Like Vocalizations in ASD
Vocal Complexity

Numerous studies have examined vocal complexity in ASD children. While two
studies found no significant differences between ASD or high-risk children and
TD children (Chericoni et al., 2016; Talbott et al., 2016), substantial evidence in-
dicates atypical patterns, with vocal complexity being either significantly lower
or higher than TD peers (e.g., Garrido et al., 2017; Heymann et al., 2018; Werner
& Dawson, 2005).
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First, most research confirms that children with ASD demonstrate lower vocal
complexity than TD children. Prospective and retrospective studies show that
before age 2, ASD infants exhibit significantly reduced frequency and proportion
of speech-like vocalizations including vowels, marginal syllables, and canonical
syllables, with delayed onset (Garrido et al., 2017; Patten et al., 2014; Plumb
& Wetherby, 2013; Wetherby et al., 2004), and produce fewer consonant types
(Schoen et al., 2011; Wetherby et al., 2007). High-risk infants similarly show
reduced frequency and proportion of vowels, reduplicated syllables, and complex
syllables (Heymann et al., 2018; Paul et al., 2011; Winder et al., 2013) and fewer
consonant types (Chenausky et al., 2017; Paul et al., 2011). Furthermore, vocal
complexity demonstrates strong predictive validity for ASD diagnosis. Patten
et al. (2014) found that canonical syllable ratio and syllable frequency at 9-12
months predicted ASD diagnosis with 82% accuracy. Paul et al. (2011) showed
that consonant variety at 9 and 12 months predicted ASD symptoms at 24
months with 77% and 65% accuracy, respectively. This evidence suggests that
reduced vocal complexity may serve as an early identification marker for ASD.

Second, a subset of children with regressive ASD show higher vocal complexity
than TD children, exhibiting hypervocalization. Retrospective research found
that 12-month-old infants with regressive ASD (n=15) produced significantly
more complex babbling than TD infants, while early-onset ASD infants (n=21)
produced less. Specifically, 46% of regressive ASD infants showed complex bab-
bling frequencies above the TD mean, compared to only 6% of early-onset ASD
infants (Werner & Dawson, 2005). This study also revealed that regressive ASD
children’ s complex babbling declined over time, becoming similarly delayed as
early-onset ASD by 24 months. A recent prospective study found that 9-month-
old high-risk ASD infants produced more speech-like vocalizations than low-risk
infants, primarily driven by hypervocalization in 12 infants (31%) (Swanson et
al., 2018). These results suggest that elevated vocal complexity may characterize
regressive ASD in early development.

Communicative Vocalizations

Communicative vocalizations assess the social function of vocal behavior in ASD
children (Mcdaniel et al., 2020). Research consistently shows that children with
ASD produce fewer communicative vocalizations than TD children, with ASD
infants before age 2 demonstrating significantly fewer intentional communica-
tive acts (Bacon et al., 2018; Dow et al., 2020; Dow et al., 2017; Plumb &
Wetherby, 2013; Shumway & Wetherby, 2009). Studies of high-risk infants
support these findings, showing reduced socially-directed vocalizations, with in-
fants later diagnosed with ASD showing the lowest communicative vocalization
capacity (Garrido et al., 2017; Sacrey et al., 2021; Winder et al., 2013). Even
hypervocal high-risk infants produce less social babbling than low-risk infants
(Swanson et al., 2018). Research further indicates that combining communica-
tive vocalizations with overall vocalization rate improves ASD prediction beyond
vocal complexity alone (Garrido et al., 2017). This evidence suggests that the
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interaction between communicative vocalizations and vocal complexity may pro-
vide a more effective predictive marker for ASD.

Theoretical Explanations for Unusual Vocalizations
Motivation-Oriented Theories

Intrinsic Motivation: Strong intrinsic motivation for special interests may
explain atypical vocal complexity in ASD. Intrinsic motivation refers to sponta-
neous curiosity and interest, the tendency to actively practice skills and acquire
knowledge, supported by the dopaminergic system and associated with neu-
ral networks for attention control and self-referential cognition (Di Domenico
& Ryan, 2017). Computational modeling demonstrates that intrinsic motiva-
tion is a general mechanism for infant vocal development (Acevedo-Valle et
al., 2018; Moulin-Frier et al., 2014), with self-generation and goal selection as
key principles. This mechanism enables infants to autonomously construct vo-
cal experiments and learning plans, explaining the automatic transition from
self-exploratory vocalizations that initially ignore the surrounding speech envi-
ronment to imitation influenced by adult speech, progressing from nonspeech
vocalizations to unclear quasivowels and finally to clear complex canonical syl-
lables. The role of intrinsic motivation in TD infant vocalizations is validated
by behavioral research showing that most speech-like vocalizations occur during
solitary exploratory play (Oller et al., 2019). When adults seek social interaction,
most infant vocalizations (approximately 60%) are not directed toward them;
when adults are present but not actively engaging, this proportion increases
to approximately 80% (Long et al., 2020). Individuals with ASD demonstrate
stronger intrinsic motivation for stereotyped special interests than typical popu-
lations (Grove et al., 2016), evident even before 12 months (Bacon et al., 2018).
ASD infants may prefer repetitive syllable play, whereas TD infants explore pho-
netic nuances (Long et al., 2021). This suggests that strong intrinsic motivation
for special interests may impact the acquisition of vocal complexity, particularly
consonant diversity, and may also contribute to excessive vocal complexity in
regressive ASD. Notably, empirical research on intrinsic motivation’ s impact on
ASD vocalizations remains limited. A recent study by Long et al. (2021) investi-
gating intrinsic motivation’ s effect on canonical babbling in high- and low-risk
infants found no differential impact, though future research with diagnosed ASD
infants may provide new evidence.

Social Motivation: Deficits in social motivation may contribute to reduced
communicative vocalizations in ASD. Social motivation encompasses psycholog-
ical tendencies and biological mechanisms that prioritize social adaptation, seek
and enjoy social interaction, and cultivate social bonds (Chevallier et al., 2012).
Chevallier et al. (2012) propose that disruption of social motivation mechanisms
may constitute a primary deficit in ASD, associated with dysfunctional social
reward brain regions including reduced caudate nucleus and anterior cingulate
activity, and decreased structural and functional connectivity between the ven-
tral tegmental area and nucleus accumbens (Clements et al., 2018; Supekar et
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al., 2018). Reduced face attention and diminished parent-child joint attention
provide strong support for the social motivation deficit hypothesis (Adamson et
al., 2019; Reid et al., 2017). Within this framework, children with ASD rarely
initiate speech-like vocalizations to communicate. Additionally, since speech-
like vocal development involves bidirectional child-adult interaction (Elmlinger
et al., 2019; Oller et al., 2016), social motivation deficits may impair the forma-
tion of effective social interactions that support vocal development. However,
empirical research on social motivation’ s impact on ASD vocal development
remains extremely limited, necessitating future investigation.

Neuromotor-Oriented Theories

Immature or disordered neuromotor mechanisms may specifically impact vocal
complexity in ASD. Speech-like vocalizations (or quasispeech) possess phonetic
structure without linguistic meaning (Kent, 2015), and numerous studies have
used meaningless vowels or canonical syllables to investigate speech production
neural systems (Kumar et al., 2016). The Laryngeal Motor Cortex (LMC) in the
frontal primary motor cortex participates in speech motor control (Eichert et al.,
2020). Functional MRI studies of vowel production show overlapping cortical
regions controlling laryngeal and jaw muscles, suggesting this overlap supports
coupling between vocalization and jaw oscillation to generate syllable structure
(Brown et al., 2021). Frontal cortical cognitive functions also modulate vocal
control (Hage, 2018). However, ASD children exhibit excessive prefrontal and
other cortical growth before age 2 (Bonnet-Brilhault et al., 2018; Hazlett et
al., 2017; Hazlett et al., 2011; Kaushik & Zarbalis, 2016), potentially impairing
vocal motor control and resulting in atypical vocal complexity. The specific
neuromotor mechanisms underlying how ASD children coordinate vocal organs
to produce speech-like vocalizations remain unclear and require future research.

Delayed postural development may significantly contribute to reduced vocal
complexity in ASD. Sitting posture provides biomechanical support for jaw
movement, and speech-like vocalizations are produced through jaw opening and
closing (Green et al., 2002). Research comparing 6-month-old infants who could
and could not sit independently found differences in syllable production: 41%
of independent sitters produced syllables versus only 9% of non-sitters (Leezen-
baum, 2016). Retrospective studies show ASD children achieve stable sitting
at 9 months on average, later than TD children’ s 7.9 months (Ucuz & Cicek,
2020). Prospective research confirms these findings, with high-risk ASD infants
showing different sitting patterns (Kyvelidou et al., 2021) and significantly less
independent sitting time at 6 months compared to low-risk infants (Leezenbaum
& Iverson, 2019). These findings suggest that slower sitting acquisition limits
opportunities for exploring new vocalizations while upright, thereby affecting
canonical syllable acquisition (Iverson, 2018).

Damage to the vagal complex is associated with atypical fundamental frequency
patterns and reflects respiratory regulation and cry timing (LaGasse et al., 2005).
Changes in fundamental frequency are achieved through muscular modifications
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of vocal fold physical properties (length, mass per unit length, tension, stiffness),
controlled primarily by the vagus nerve (Dankbaar & Pameijer, 2014). Research
indicates reduced vagal tone in ASD children (Benevides & Lane, 2015), poten-
tially leading to poor vocal fold control and poor coordination of respiratory
muscles (Sheinkopf et al., 2016), resulting in higher cry fundamental frequency
and shorter pause lengths and durations.

Perceptual-Oriented Theory

Auditory processing deficits and atypical processing of speech stimuli in ASD
(Filipe et al., 2018; Soskey et al., 2017; Vlaskamp et al., 2017; Yau et al., 2016)
may affect vocal complexity. Speech-evoked auditory brainstem response stud-
ies show immature brainstem-level speech auditory processing in ASD children
(Chen et al., 2019). ASD children exhibit atypical auditory processing of infant-
directed speech (IDS), which fails to elicit neural enhancement responses (Chen
et al., 2021). Weak name recognition responses further confirm impaired speech
stimulus processing, with 9-month-old ASD infants less likely to respond to
their names, persisting through 24 months (Miller et al., 2017) and 36 months
(Hatch et al., 2021). High-risk infant studies similarly show reduced responses
to speech stimuli at 6 months (Paterson et al., 2019). This suggests ASD in-
fants are less influenced by caregiver speech, missing opportunities for vocal
learning and affecting vocal complexity development. Recent research demon-
strates interactions between auditory and speech motor cortices, with speech
perception influencing motor cortex responses (Cheung et al., 2016) and speech
motor activity affecting perceptual cortex responses (Daliri & Max, 2016). The
interaction mechanisms between speech auditory cortex and speech-like vocal
motor cortex in ASD require further investigation.

Social Feedback-Oriented Theory

The social feedback loop theory partially explains reduced vocal complexity in
ASD. This theory emphasizes the role of adult responses in children’ s vocal
development, proposing that adults are more likely to respond to children’ s
speech-like vocalizations, which in turn increases the probability of subsequent
vocalizations (Warlaumont et al., 2014). Using Language ENvironment Anal-
ysis (LENA) software—which demonstrates strong reliability and validity for
analyzing child-adult vocal interactions in naturalistic settings (Harbison et al.,
2018; Jones et al., 2019; Richards et al., 2017; Woynaroski et al., 2017)—Warlau-
mont et al. (2014) conducted microanalyses of TD child-adult interactions and
confirmed this model. Comparisons between ASD and TD children reveal re-
duced effectiveness of the social feedback loop in ASD, manifested in two ways:
fewer speech-like vocalizations produced by ASD children, and reduced adult
responsiveness contingent on the speech-like quality of ASD children’ s vocaliza-
tions. Consequently, fewer iterations of the social feedback loop lead to further
reductions in speech-like vocalizations over time.
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Future Research Directions
Specificity of Vocal Markers to ASD

The reviewed evidence demonstrates early vocal atypicalities in ASD compared
to TD children. However, these features may also characterize children with
other disorders. For instance, infants with fragile X syndrome aged 9-12 months
produce fewer canonical syllables than TD infants (Belardi et al., 2017). Studies
including both ASD and developmental delay (DD) children yield inconsistent
conclusions: some find ASD children show fewer communicative vocalizations
than DD children (Lee et al., 2018), while others find no significant differences
(Dow et al., 2020; Wetherby et al., 2004). Regarding atypical nonspeech vo-
calizations, Wetherby et al. (2004) found no differences between ASD and DD
children, whereas Lee et al. (2018) found ASD children produced more atypi-
cal vocalizations. Large-scale prospective studies including other developmental
disorders are essential to examine whether vocal atypicalities represent unique
early identification markers for ASD.

Cry-Based Screening Studies

Atypical crying patterns may serve as early identification markers for ASD, yet
empirical data on cry-based screening remain limited. Recent research suggests
atypical crying may affect ASD outcomes, as caregiver difficulty interpreting
ASD children’ s cries impacts care quality and long-term development (Born-
stein et al., 2016). Adults can reliably differentiate ASD and TD children’ s
cries, with parents of both ASD and TD infants rating ASD infants’ cries as
more distressing and less typical (English et al., 2019). Future research should
investigate cry-based early screening for ASD, potentially incorporating both
distress and non-distress cry samples. Non-distress samples can be collected
during naturalistic states (e.g., Bornstein et al., 2016), while distress cries—
potentially more sensitive early indicators—can be elicited in standardized set-
tings such as during vaccination. Strengthening cry-based screening research
will clarify its value and inform early intervention.

Optimal Acoustic Parameter Models

Current research primarily analyzes vocal complexity, communicative vocaliza-
tions, and cry fundamental frequency. Recent studies have used acoustic pa-
rameter sets to classify ASD children (e.g., Khozaei et al., 2020; Pokorny et al.,
2017, August), with cross-validation demonstrating good classification accuracy
(Pokorny et al., 2017, August; Santos et al., 2013, October). However, these
studies do not identify the most predictive acoustic features. For example, San-
tos et al. (2013) analyzed acoustic features (fundamental frequency, formants,
intensity, etc.) of babbling and cries from 18-month-old ASD and TD infants,
achieving 97% classification accuracy using support vector machines and proba-
bilistic neural networks. Pokorny et al. (2017) analyzed 88 acoustic parameters
from 10-month-old ASD infants’ babbling, correctly identifying 75% of ASD
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infants using support vector machines and bidirectional long short-term mem-
ory neural networks. While these studies explore different parameter types and
quantities, optimal predictive parameters remain unclear.

Recent findings suggest gender differences in acoustic parameters. Khozaei et
al. (2020) trained classification models using timbre and intensity parameters
on male ASD and TD children, then applied them to toddlers (21 ASD, lan-
guage level around 12 months; TD controls aged 18-51 months), achieving 7%
higher accuracy for males than females. Meta-analyses indicate acoustic features
are promising early markers, with multiple parameters yielding higher accuracy
than single parameters in machine learning models (Fusaroli et al., 2017). Fu-
ture research should construct optimally predictive acoustic parameter sets and
develop automated classification models to provide intelligent methods for early
ASD screening,.

Motivational Mechanisms Underlying Vocal Development

As reviewed, speech-like vocalizations develop gradually through intrinsic mo-
tivation and social interaction with adults. While recent studies have begun
examining motivational influences on high-risk infants (Long et al., 2021), empir-
ical research remains extremely limited, particularly regarding diagnosed ASD
children. Future research should: (1) Investigate mechanisms through which
intrinsic motivation affects vocal complexity in ASD, such as how special in-
terest motivation influences consonant diversity. Computational modeling—an
efficient, automated approach applied in TD infant research—could be adapted
to examine ASD vocal development. (2) Examine how social motivation im-
pacts vocal complexity. Social motivation directs attention to social signals,
yields social rewards, and maintains relationships, enabling children to acquire
more speech-like vocalizations through interaction. The specific mechanisms by
which social motivation deficits affect vocal complexity in ASD require further
investigation.

Neural Mechanisms of Atypical Speech-Like Vocalizations

As discussed, immature neuromotor systems and their interaction with speech
auditory perceptual cortex may contribute to atypical vocal complexity. How-
ever, the neural mechanisms remain unclear. Future research should explore: (1)
Speech apraxia perspectives, as apraxia affects speech movement coordination
and may affect up to 60% of children with ASD aged 24-55 months (Tierney et
al., 2015). Recent comparisons of ASD children with apraxia to children with
apraxia alone found abnormal brain structures important for speech production
(increased parietal and frontal cortical volume) in the apraxia-only group but
not the ASD group (Conti et al., 2020). However, these ASD children had estab-
lished verbal abilities, potentially confounding results. Future studies should in-
clude minimally verbal ASD children. (2) Interactions between speech auditory
cortex and vocal motor cortex. TD research shows vocal motor-auditory percep-
tual mapping exists before speech onset, with oral motor activity at 3 months
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affecting auditory discrimination of canonical syllables (Choi et al., 2021). In-
vestigating this domain in ASD may provide new evidence supporting neural
mechanisms of speech-like vocal development.
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Abstract: Early identification and intervention for children with autism spec-
trum disorder (ASD) are critical for developmental outcomes. Vocalizations—
sounds produced before spoken language—represent potential early identification
markers in children under 2 years. Research indicates that both nonspeech-like
and speech-like vocalizations show atypical patterns in ASD. Theoretical expla-
nations include motivation-oriented, neuromotor-oriented, perceptual-oriented,
and social feedback-oriented theories. Future directions include: (1) examining
specificity of vocal markers to ASD versus other disorders, (2) strengthening cry-
based screening research, (3) developing automated classification models with
optimal acoustic parameters, (4) analyzing motivational influences on speech-
like vocalizations, and (5) investigating neural mechanisms of atypical vocal
development. This evidence may facilitate early identification and intervention
for children with ASD.

chinarxiv.org/items/chinaxiv-202110.00062 Machine Translation


https://chinarxiv.org/items/chinaxiv-202110.00062

ChinaRxiv [$X]

Keywords: autism spectrum disorder (ASD), potential early identification
markers, unusual vocalizations, theoretical explanations

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202110.00062 Machine Translation


https://chinarxiv.org/items/chinaxiv-202110.00062

	Atypical Vocalizations as Potential Early Identification Markers in Children with Autism: An Etiological Analysis
	Abstract
	Full Text
	Common Analysis Indicators in Vocalization Research
	Nonspeech-Like Vocalizations in ASD
	Fundamental Frequency Characteristics
	Pause Length and Duration Characteristics

	Speech-Like Vocalizations in ASD
	Vocal Complexity
	Communicative Vocalizations

	Theoretical Explanations for Unusual Vocalizations
	Motivation-Oriented Theories
	Neuromotor-Oriented Theories
	Perceptual-Oriented Theory
	Social Feedback-Oriented Theory

	Future Research Directions
	Specificity of Vocal Markers to ASD
	Cry-Based Screening Studies
	Optimal Acoustic Parameter Models
	Motivational Mechanisms Underlying Vocal Development
	Neural Mechanisms of Atypical Speech-Like Vocalizations

	References


