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Detecting temporal synchrony in audiovisual speech in infancy is fundamental for socio-
communicative development, especially for language acquisition. Autism is an early-onset and
highly heritable neurodevelopmental condition often associated with language difficulties that
usually extend to infants with an elevated likelihood of autism. Early susceptibilities in still un-
clear basic mechanisms may underlie these difficulties. Here, we discuss why sensitivity to
temporal synchrony in audiovisual speech should be investigated in infants with an elevated
likelihood of autism as a candidate mechanism underlying language difficulties. We then review
direct and indirect eye-tracking evidence. Although scarce, some studies suggest that detection of
temporal synchrony in audiovisual speech may be reduced in infant siblings (but evidence is
mixed); however, this does not seem to account for language difficulties. Instead, a lack of
relationship between selective attention to the articulating mouth and language development
may be a plausible candidate mechanism. However, longitudinal studies tracking both sensitivity
to temporal synchrony and selective attention to talking faces in the first year are needed for
further clarification. Our discussion highlights gaps in the literature, future research directions
and implications for domain-general approaches to the emergence of autism.

1. Introduction

1.1. ‘What happens at the same time, goes together’

Infants experience mostly multimodal events early in life, particularly in socio-communicative contexts (e.g., visuo-tactile stim-
ulation). Audiovisual speaking faces are one of the most common multimodal events in adult-infant dyads, requiring infants to
simultaneously hear speech sounds and see lip movements. Effective learning from this event requires the appropriate integration of
audiovisual information (Wallace et al., 2019), a skill commonly referred to as audiovisual processing. As mature perceivers, adults are
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capable of this perceptual endeavor, but how do infants face this challenge?

The Intersensory Redundancy Hypothesis (IRH, henceforth; Bahrick & Lickliter, 2002; 2014) has made three major theoretical
contributions to this question. First, to overcome the challenge of audiovisual processing, infants rely on amodal properties of physical
stimuli, such as rhythm or tempo, which are common to all sensory modalities. Among these, temporal synchrony detection would be
the most important perceptual cue for organizing perceptual experience in early development, as it allows infants to bind auditory and
visual stimuli into a single percept (Bahrick et al., 2004). Temporal synchrony is defined here as “changes in events that occur at the
same moment in time” across different sensory modalities (Bahrick & Hollich, 2008, p. 164). Although this cue is permanently
embedded in audiovisual information, infants do not show full sensitivity to it at birth (Lewkowicz, 1996; 2010, but see Lewkowicz
et al., 2010); instead, it gradually improves as infants are exposed to multimodal experiences, especially in natural social interactions
(Bahrick, 2010). Second, it hypothesizes how this ability develops. The detection of amodal properties would guide infants’ attention,
helping them to attend primarily to multimodal events (and, by extension, audiovisual events). This implies that the overlap of in-
formation in two sensory modalities is not problematic for infants, but helps, because redundancy makes information more salient. For
example, ‘faces become especially salient to infants because they are frequently encountered and typically the source of a great deal of
intersensory redundancy’ (Bahrick, 2010, p. 149). Importantly, ‘redundancy’ refers to the simultaneous availability and temporal
synchronization of the same information across two or more sensory modalities (Bahrick & Lickliter, 2000), whereas ‘saliency’ refers to
the ‘attentional priority’ that infants give to this information over other types of events (e.g., non-redundant as well as unimodal).
Third, this approach highlights the key role of selective attention in the development of audiovisual processing, as the trajectory of
changes in infants’ selective attention to audiovisual redundancy is tightly coupled to changes in sensitivity to temporal synchrony and
hence to changes in audiovisual processing (Lewkowicz, 2010).

Studies on the development of audiovisual speech processing in infancy have contributed to the above question in three ways. First,
they have identified when sensitivity to temporal synchrony emerges in development. Despite mixed evidence (see the meta-analysis
by Cox et al., 2022), the second half of the first year appears to be a crucial time-point (Hillairet de Boisferon et al., 2017; Pons &
Lewkowicz, 2014-Experiment 1). Second, they found empirical support for the idea of the IRH that developmental changes in infants’
selective attention affect their response to audiovisual inputs. In the context of audiovisual speech, selective attention refers to
preferential attention to different internal facial features (i.e., the eyes and mouth). Infants’ preference for the mouth (relative to the
eyes) is not constant throughout the first year, but follows an inverted U-shaped pattern (Lewkowicz & Hansen-Tift, 2012; Pons et al.,
2015): preference for the eyes at 4 months, a sharp increase in mouth-looking—the main source of audiovisual redundancy—at 8
months, and an equal preference for both areas at 12 months. Interestingly, the shift to the mouth coincides in timing with the onset of
infants’ detection of temporal asynchronies in audiovisual speech (i.e., 8 months; Pons & Lewkowicz, 2014). This suggests that the
onset of temporal synchrony detection in talking faces may be closely intertwined with changes in infants’ selective attention to the
same event. Third, the type of infants’ prior experience with audiovisual speech redundancy is likely to modulate their patterns of
selective attention to talking faces (for a systematic review, see Bastianello et al., 2022).

For example, bilingual infants, who experience ‘two types’ of audiovisual redundancy, attend to the mouth for a longer period than
monolinguals during development and maintain this preference at 12 months. In contrast, monolinguals show equivalent attention to
the eyes and mouth, possibly suggesting that prolonged focus on the mouth may facilitate bilingual infants’ acquisition of two lan-
guages (Pons et al., 2015). Relatedly, bimodal bilinguals (i.e., hearing infants with deaf mothers), who experience reduced audiovisual
redundancy, do not shift attention to the mouth at 8 months (Mercure et al., 2019). These findings suggest that the type of early
exposure to redundancy in audiovisual speech shapes infants’ patterns of selective attention to this event, particularly during the first
year.

1.2. Beyond audiovisual processing: The role of sensitivity to temporal synchrony in early development

Sensitivity to temporal synchrony has been considered a domain-general ability (Lewkowicz, 2014; Pons et al., 2012). Although
essential for audiovisual processing, its role in early development extends beyond the perceptual domain, supporting both infants’
understanding of the physical world and the development of socio-communicative skills. This ability helps infants to cope with a
changing environment by finding coherence, which facilitates multiple functions.

From 4 months, the detection of temporal synchrony supports object perception (Bahrick, 1983; Spelke, 1979). Infants link the
visual and acoustic dimensions of an object by detecting the temporal synchrony between its sound and visual impact (Spelke, 1979).
This ability also shapes socio-communicative skills during the first two years, both non-linguistic and linguistic. In the non-linguistic
domain, the detection of temporal synchrony between faces and voices is necessary for infants’ discrimination of affect as early as 4
months (Flom & Bahrick, 2007, Experiment 4). It also helps infants to engage in shared visual attention, an early form of joint attention
(Flom et al., 2004), and to imitate facial expressions by coupling changes in lip movements with corresponding changes in
spectro-temporal acoustic features (see Viswanathan et al., 2024 for a review). Linguistically, infants’ sensitivity to temporal syn-
chrony supports preverbal skills such as speech segmentation (Hollich et al., 2005), selective attention to lip movements and vocal
sounds (Bahrick & Lickliter, 2002), learning word-object associations (Gogate et al., 2000), and enhancing word learning by directing
infants’ attention to synchronously named and gestured objects (de Villiers Rader & Zukow-Goldring, 2012).

Sensitivity to temporal synchrony contributes to early learning across domains, but is particularly important for the development of
social skills. Given the demands of the social world, which is characterized by containing highly unpredictable, dynamic, and complex
events related to people (e.g., emotions, gestures, biological motion, or audiovisual speech; Elsabbagh & Johnson, 2016), the detection
of temporal synchrony seems particularly necessary for the efficient processing of social stimuli. It helps to create a more predictable
environment and reduce perceptual uncertainty by identifying regularities. In contrast, detecting this cue may be less necessary for
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processing more regular events in non-social contexts, such as objects.

Audiovisual speech is arguably the most important social stimulus in infants’ social lives (Soto-Faraco et al., 2012). It is unpre-
dictable, and temporally complex, containing concurrent dynamic visual (i.e. facial articulatory movements) and auditory (i.e. vo-
calizations) information (Chandrasekaran et al., 2009). Given these characteristics, the detection of temporal synchrony helps infants
to effectively process audiovisual speech during social interactions by making it more predictable, ultimately supporting later language
development (Edgar et al., 2022).

2. When redundancy may not help: Difficulties in sensitivity to temporal synchrony in audiovisual speech in autism

Sensitivity to temporal synchrony and audiovisual processing may develop differently in several neurodevelopmental and clinical
conditions, including Specific Language Impairment (Pons et al., 2013), prematurity (Imafuku et al., 2019), Down syndrome and
Fragile X syndrome (D’Souza et al., 2016; Hill et al., 2012), and Autism Spectrum Condition (autism, hereafter) (Bebko et al., 2006;
Righi et al., 2018).

Autism is a neurodevelopmental condition characterized by difficulties in social interaction and communication, and restricted and
repetitive behaviors, interests, or activities (American Psychiatric Association, 2022). The latter dimension includes differences in
sensory processing (e.g., expressed as hyper/hyposensitivity). Investigating potential difficulties in audiovisual integration and
temporal asynchrony detection in autism rather than other neurodevelopmental conditions has been of interest to test whether po-
tential early difficulties in these two perceptual abilities may underlie the core features of social functioning that define autism
(Tager-Flusberg, 2010). As these mechanisms are key to the development of typical socio-communicative skills, investigating them in
autism helps to examine potentially altered relationships between the development of difficulties in early low-level perceptual skills
and later higher-order socio-communicative skills. These relations are of interest for both non-linguistic and linguistic social skills,
given that difficulties in language development are common from early in life in most autistic individuals (Eigsti et al., 2011; Min-
iscalco et al., 2012; Tager-Flusberg et al., 2005), although they are highly heterogeneous (Schaeffer et al., 2023) and are not a core
feature of the condition.

2.1. Infants with an elevated likelihood of autism: Investigating potential difficulties as they emerge

Autism is highly heritable (Bai et al., 2019). Infant siblings of children with an autism diagnosis have an increased likelihood of
developing the condition themselves compared to the neurotypical population. Approximately 19 % of infants with an elevated
likelihood of autism (henceforth, EL-infants) meet the criteria for the condition at the age of diagnosis (Ozonoff et al., 2011), whereas
the prevalence in the general population is ~1 % (Zeidan et al., 2022). More importantly, approximately 11 % of EL-infants without
autism show mild to moderate developmental delays and adaptive functioning difficulties at 3 years of age (Charman et al., 2017),
sometimes observed even as early as their first birthday. Over the past two decades, prospective longitudinal studies of infant siblings
have reported that EL-infants without autism show developmental difficulties in several domains, including cognitive, motor, lan-
guage, and social (Ozonoff et al., 2014), compared to infants with typical autism likelihood (i.e., infants whose older sibling does not
have a diagnosis of autism; hereafter TL-infants). In addition, a subgroup of these infants show subclinical autistic traits at 3 years of
age (Messinger et al., 2013).

Other prospective longitudinal studies have examined whether EL-infants differ from TL-infants at the group level in several
foundational developmental skills. To do this, these studies have followed infant siblings from early in life across various domains,
comparing groups based on autism likelihood rather than diagnostic outcomes. Overall, the findings suggest that, at the group level,
EL-infants differ from TL-infants on several behavioral, cognitive, and neurobiological characteristics observed in autistic individuals,
especially in the socio-communicative domain, but not exclusively. For example, EL-infants differ from TL-infants in attentional
disengagement (Elsabbagh et al., 2009a), visual orientation (Elsabbagh et al., 2013b), direct gaze processing (Elsabbagh et al., 2009b),
face processing (Key & Stone, 2012), speech processing (Guiraud et al., 2012), and postural control (Bhat et al., 2011). Importantly,
despite heterogeneity, most group differences emerge around the second half of the first year (see Elsabbagh & Johnson, 2010 and
Tager-Flusberg, 2010 for reviews). These findings suggest that potential group-level difficulties in EL-infants may extend beyond
abilities related to the core autistic traits, also including domain-general difficulties in perceptual, attentional, and motor abilities that
are mechanisms underlying higher-level difficulties before they potentially emerge. Therefore, even if they do not develop the con-
dition themselves, EL-infants as a group may share milder cognitive difficulties and thus develop differently from TL-infants (Yirmiya
et al., 2006).

2.2. Two candidate mechanisms of language difficulties in infant siblings?

Socio-communicative abilities encompass a wide range of verbal and non-verbal skills necessary for reciprocal social interactions,
including language. The role of language in autism is core, as early language skills are one of the best predictors of later adaptative
functioning of autistic individuals (Szatmari, et al., 2003), and language delay is one of the first parental concerns in autistic toddlers
(Herlihy et al., 2015). Although not all autistic individuals show language difficulties (Tager-Flusberg et al., 2005) and there is high
variability, they are often observed across the lifespan (Eigsti et al., 2011). For example, autistic toddlers in fact show reduced speech
vocalizations between 18 and 24 months (Plumb & Wetherby, 2013) and, later in childhood, different profiles of receptive versus
expressive language skills compared to their neurotypical peers (Miniscalco et al., 2012). Language difficulties also persist into
adulthood (Howlin, 2003).



I Lozano et al. Infant Behavior and Development 78 (2025) 102026

Given the high heritability of autism, the language difficulties associated with the autism phenotype often extend to first-degree
relatives. For example, parents of autistic children exhibit pragmatic language difficulties (Whitehouse et al., 2007). EL-infants also
show difficulties in language development at the group level (Belteki et al., 2022; Hudry et al., 2014), such as lower consonant
production, fewer speech-like vocalizations (Paul et al., 2011), later onset of babbling, and delayed language production and
comprehension in toddlerhood (Iverson & Wozniak, 2007).

In line with other authors in the field (Bahrick, 2010; Bahrick & Todd, 2012), we argue that the language difficulties observed in
autistic individuals across the lifespan and in their relatives—including infant siblings—may be expressed earlier as difficulties in the
perceptual mechanisms that contribute to language acquisition as precursors, with two main candidates being potentially affected.

2.2.1. Candidate 1: Sensitivity to temporal synchrony in audiovisual speech

As argued above, sensitivity to temporal synchrony in neurotypical infants is crucial for early language acquisition (Cox et al.,
2022). Given its role in audiovisual integration, especially in audiovisual speech, its detection is likely to be an important mechanism
underlying the early typical development of preverbal and verbal skills (e.g., vocal imitation, babbling, speech segmentation, and word
learning; e.g., Hollich et al., 2005; Gogate et al., 2000). In support of this functional link, in the neurotypical population, temporal
asynchrony detection in audiovisual speech is positively associated with receptive and expressive language in childhood (Righi et al.,
2018). Given the well-documented difficulties in language development at the group level in EL-infants (Belteki et al., 2022; Hudry
etal., 2014; Paul et al., 2011), difficulties in temporal synchrony detection in audiovisual speech may be present in this group from the
earliest developmental time-points, before potential language difficulties emerge.

2.2.2. Candidate 2: Selective attention in audiovisual speech

Potential difficulties may also be present in EL-infants in selective attention in audiovisual speech, another crucial low-level
mechanism for language acquisition (Bahrick, 2010; Bahrick & Todd, 2012). Selective attention involves focusing on certain ele-
ments or events while ignoring others (Bahrick & Lickliter, 2014). In the context of audiovisual speech processing, it refers to the
preferential attention to different facial features (i.e., the eyes and mouth). As selective attention provides the basis for what is
perceived, learned, and remembered in typical development, it also represents an essential ability to be investigated in autism and,
more broadly, in EL-infants (Bahrick, 2010; Bahrick & Todd, 2012). As Walker-Andrews (1994) quoted from J.J. Gibson’s words
(Gibson, 1966), ‘learning of new meaning is an education of attention rather than an accrual of associations’.Although temporal
synchrony detection is considered to be a more fundamental mechanism than selective attention to talking faces for the development of
language and other sociocommunicative skills, both mechanisms would develop in a closely intertwined manner from the first months
of life (Bahrick, 2010). Therefore, although they are separate candidate mechanisms for potential language difficulties, we believe that
they should be investigated together.

We argue that investigating selective attention in the early development of EL-infants, particularly in audiovisual speech, is relevant
for at least two reasons.

The first reason is that selective attention modulates infants’ perceptual experience with audiovisual redundancy and, thus,
temporal synchrony detection. As we pointed out in Section 1, neurotypical infants change their selective attention to talking faces
during the first year, which affects their access to audiovisual redundancy (Lewkowicz & Hansen-Tift, 2012; Pons et al., 2015). Infants
do not prioritize mouth-looking equally across development, suggesting that audiovisual redundancy may not always be equally
helpful to them. Furthermore, mouth-looking in early infancy may not only support the detection of temporal synchrony in audiovisual
speech, but may itself be an important mechanism for language development (see Edgar et al., 2023 for longitudinal evidence). For
example, increased mouth-looking during the second half of the first year concurrently and prospectively predicts receptive and
expressive language (Kushnerenko et al., 2013; Lozano et al., 2022; Tsang et al., 2018; Young et al., 2009). Given the group-level
language difficulties observed in EL-infants (Belteki et al., 2022; Hudry et al., 2014), we propose that it is of interest to explore
whether they differ from TL-infants in their changes in selective attention to audiovisual speech over the first year of life. If so, a different
developmental trajectory in this ability may reduce their attentional access to relevant visual cues in audiovisual speech on which
typical language acquisition relies. Similarly, difficulties in efficiently attending to a speaking face may also reduce EL-infants’ op-
portunities to learn to detect temporal synchrony, which involves an experience-dependent process of perceptual learning (Gibson &
Pick, 2000). Ultimately, this may reduce the fidelity with which they process linguistic experiences.

The second reason is that we believe that selective attention in audiovisual speech processing is a top-down mechanism. This means
that infants’ attention to specific features of a speaking face is driven by their prior experience with that event. As noted in Section 1,
research with neurotypical bilingual and bimodal bilingual infants suggests that experience with audiovisual speech modulates how
salient redundancy is to infants (Pons et al., 2015; Mercure et al., 2019). EL-infants are more likely than TL-infants to have different
experiences that are constrained by both neurocognitive differences and their interactions with their environment (Campos, 2018;
Johnson et al., 2015). Therefore, investigating whether EL-infants show different changes in selective attention to audiovisual speaking
faces compared to their neurotypical peers may provide insights into their ability to learn from social contexts. Learning from social
events is crucial for the development of socio-communicative skills, including language acquisition, which often develops differently in
EL-infants.

3. Aim of this review

This review investigates whether sensitivity to temporal synchrony in audiovisual speech plays a role in accounting for potential
difficulties in language development in infants with an elevated likelihood of autism. As argued aboved, we focus on audio-visual
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speech, among all the possible sensory modalities and events, because of its crucial role in the typical acquisition of language and other
socio-communicative skills, and the core social features and related language difficulties that define autism. To address this question,
we review and critically discuss findings from prospective longitudinal eye-tracking studies in this population. Eye-tracking is an
advanced method that allows the characterization of fine-grained attentional patterns to audiovisual speech in young developmental
populations. In addition, it has the potential to identify endophenotypes in infant siblings at the behavioral level, linking their familial
autism likelihood to later developmental outcomes (Nayar et al., 2022), such as the two candidate mechanisms we propose in this
review.

We begin by reviewing direct evidence on sensitivity to temporal synchrony in audiovisual speech in infant siblings. Next, we review
indirect evidence from studies of audiovisual speech integration and visual attention to talking faces during the first year of life in this
population. Following each set of studies, we briefly discuss gaps in the literature that could be addressed by future research. Finally,
we provide a general discussion of these findings, highlighting future challenges and theoretical implications for domain-general
approaches to the emergence of autism, in particular the Intersensory Impairment Hypothesis (Bahrick & Todd, 2012) and Neuro-
constructivism (Karmiloff-Smith, 1998). We conclude by proposing directions for future research.

Although this is a narrative review, we briefly report our search strategy for transparency (for a comprehensive systematic review,
see Mastergeorge et al., 2021). Eye-tracking studies were identified through searches in PubMed, Web of Science, and Google Scholar
between May and June 2024. A detailed summary of the keywords and Boolean operators we used to search for both direct and indirect
evidence in each database is provided in the Supplementary Materials (Table S1).

4. Direct and indirect evidence on sensitivity to temporal synchrony in audiovisual speech in infant siblings
4.1. Direct evidence

To our knowledge, only one study has directly tested whether EL-infants show difficulties in their sensitivity to temporal synchrony
in the context of audiovisual speech and, if so, whether this predicts later language difficulties (Suri et al., 2023). Using the
habituation-test paradigm, the authors assessed EL (n = 35) and TL (n = 53) infants aged 4-24 months in their sensitivity to audio-
visual temporal asynchrony for social (speaking face uttering syllables) and non-social (bouncing ball) events, and their relations to
language productive outcomes in toddlerhood (at 17-30 months). EL-infants were less sensitive to detecting audiovisual asynchronies
than their neurotypical peers. Crucially, compared to TL-infants, EL-infants showed a significantly larger temporal binding window (i.
e., the range of asynchronies under which an auditory and a visual event are likely to be bound into a unified percept was wider than in
TL peers, detecting mean temporal asynchronies of 671 ms vs. 575 ms, respectively) only in the audiovisual speaking social event, but
the groups did not differ in the non-social event. Moreover, in TL-infants, sensitivity to temporal asynchronies in either event did not
predict vocabulary production in toddlerhood. Conversely, in EL-infants, a wider temporal binding window only in the audiovisual
speech event predicted a larger productive vocabulary.

These results suggest that sensitivity to temporal synchrony appears to be reduced in EL-infants specifically in the audiovisual speech
domain, reflecting potential difficulties at the group level. However, they do not support the idea that reduced detection of temporal
asynchrony underlies the development of language difficulties in infants’ siblings. Suri et al. interpreted their findings as consistent
with previous studies in autistic children that have shown greater difficulties in detecting temporal asynchronies in audiovisual speech
than in non-social events (Bebko et al., 2006; Irwin et al., 2011; Mongillo et al., 2008; Stevenson et al., 2014); but as inconsistent with
the idea that a smaller temporal binding window reflects greater sensitivity to audiovisual asynchrony and better integration of
auditory and visual speech cues (Zerr et al., 2019). This was so because TL infants—who exhibited a smaller temporal binding window
than EL infants—showed no relation between sensitivity to temporal synchrony and later vocabulary in either event. The authors also
speculated that the unexpected association between a larger temporal binding window and language outcomes may suggest that
EL-infants may use different strategies to acquire language.

While seminal, this study has several limitations, most of which are acknowledged by the authors.

First, the lack of eye-tracking technology prevents the authors from ruling out the possibility that EL-infants selectively attended to
the speaking face, particularly to the mouth, differently from neurotypical infants (see Lozano et al., 2024). As Todd and Bahrick
(2022) observed in autistic children (2-5 years old), it may be that synchrony detection in audiovisual speaking faces in EL-infants is
comparable to that of neurotypical peers and is beneficial for language acquisition, but there is a lack of relation between this
perceptual ability and selective attention to the mouth of talking faces. In contrast, in neurotypical infants, both skills would be
intertwined to benefit language outcomes. Alternatively, EL-infants may compensate for reduced temporal asynchrony sensitivity in
audiovisual speech by paying more attention to the mouth than neurotypical infants. Future studies should use eye-tracking to test these
two possibilities by simultaneously measuring sensitivity to temporal synchrony and selective attention to the eyes and mouth within
the same EL-infants, ideally using separate tasks.

Second, the authors did not compare EL-infants with and without autism with TL-infants, which is necessary to clarify whether the
difficulties they found in sensitivity to temporal synchrony in audiovisual speech were driven by a subset of EL-infants with a later
diagnosis of autism, or are present in EL-infants as a whole. Therefore, it remains unknown whether difficulties in this mechanism may
reflect an early subclinical trait linked to a heightened familial likelihood of autism (potentially part of the infant’s broader autism
phenotype; Yirmiya & Ozonoff, 2007) or an early autism marker. Thus, future infant sibling studies should assess autism outcomes and
make group comparisons based on both autism likelihood and diagnostic outcomes. It is also necessary to test within-group associ-
ations (in EL-infants as a group, in EL-infants with and without autism separately, relative to TL-infants) between temporal synchrony
detection and later language outcomes and the severity of autistic traits. This would help to clarify whether difficulties in this
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perceptual ability are a defining feature of autism or rather a risk factor for the language difficulties associated with the condition.

Third, Suri and collaborators tested EL-infants across a wide age range (4-24 months) and assessed language outcomes at different
ages for each infant (17-30 months), which may have hindered robust identification of the onset of difficulties in sensitivity to
temporal synchrony. This heterogeneity may also have obscured potential differences in the associations between this mechanism and
language development in this population, as studies with neurotypical infants suggest that the time when it may be more important for
later language support is the second half of the first year (Pons & Lewkowicz, 2014). Future studies with infant siblings should test this
perceptual ability at more specific and functionally relevant time-points in the first year—6-12 months—and assess concurrent and
prospective language outcomes at the same age in all infants.

Fourth, the stimuli used—syllables—were not as close to infants’ natural social experiences as audiovisual fluent speech. Different
associations between sensitivity to temporal synchrony and later difficulties in language outcomes in EL-infants may only be
observable in more complex naturalistic settings closer to EL-infants’ linguistic experiences, as this may increase the task’s demands.
Future research with EL-infants may benefit from the use of audiovisual fluent speech, ideally spoken by real people during dyadic
caregiver-infant interaction in a ‘live’ eye-tracking setting (Birulés et al., 2023), to take a more naturalistic approach. Finally, the
inclusion of preterm and low-birth-weight infants in the EL-infant group may have introduced additional heterogeneity, obscuring
potentially affected associations between reduced temporal synchrony detection and language outcomes.

More recently, in a preliminary longitudinal study, Lozano et al. (2024) investigated whether EL-infants (n = 14) at 4, 8, and 12
months showed difficulties in temporal synchrony detection and selective attention to audiovisual fluent speech compared to neuro-
typical peers (n = 15). No evidence of group differences in detecting temporal synchrony was found, with both groups succeeding at 12
months. However, the authors found preliminary evidence of reduced mouth-looking in EL-infants compared to TL-infants only at 12
months. Nonetheless, due to the small sample size, the authors did not make group comparisons by autism outcome or analyze the
associations between these two mechanisms and language development and autism diagnostic outcomes, so no conclusions could be
drawn about these functional relations and their specificity to infant siblings diagnosed with autism or at the group level.

4.2. Indirect evidence

Beyond the studies by Suri et al. (2023) and Lozano et al. (2024), to our knowledge, there is no other direct published evidence.
However, indirect evidence may also contribute to the aim of this review. In this section, we first review literature evaluating potential
difficulties in EL-infants in audiovisual integration of speech (Bahrick & Todd, 2012), a perceptual ability to which sensitivity to
temporal synchrony directly contributes. We then present indirect evidence from eye-tracking studies testing EL-infants with audio-
visual stimuli of faces and speech. Although not designed to examine temporal synchrony detection, these studies are collectively
informative of whether EL-infants may show visual attentional difficulties when speech and faces are presented redundantly. We
conclude this subsection by presenting the few studies that have investigated the relationship between mouth looking in infancy and
language outcomes in the second year of life, and by discussing the overall findings of this set of indirect studies.

4.2.1. Audiovisual speech integration studies

At least one study suggests that infant siblings may have a reduced ability to integrate audiovisual information in the context of
speech. Audiovisual speech integration has classically been measured through the McGurk effect (McGurk & Macdonald, 1976), a
perceptual phenomenon in which visual speech information (mouth articulatory movements) influences the perception of speech
sounds. In an eye-tracking study, Guiraud et al. (2012) used the McGurk paradigm to test this possibility in 9-month-old EL-infants
(n = 26; n = 17 neurotypical). In a preferential-looking paradigm, infants were shown with a congruent pair (auditory /ga/ paired
with visual /ga/, or auditory /ba/ paired with visual /ba/) and an incongruent pair. The incongruent pair consisted of either an
auditory /ba/ syllable paired with a video of a face articulating /ga/ (commonly perceived as a ‘fusible’ percept /da/, the McGurk
effect), or the reverse pairing (a face articulating /ba/ paired with an auditory /ga/), which is commonly perceived as /bga/ (a
mismatch, a non-fusible effect). In contrast to their TL peers, EL-infants did not perceive the McGurk illusion, which is usually
considered an indicator of successful audiovisual integration. As this is also seen in autistic children (Taylor et al., 2010), the authors
interpreted this result as suggesting that infant siblings, as a group, may share difficulties in audiovisual speech integration.

This finding has been further supported at the neurophysiological level. An ERP (event-related potential) study (Riva et al., 2022)
documented a reduced audiovisual speech integration in EL-infants at 12 months. In a McGurk paradigm, TL-infants (n = 19) showed
larger mean amplitude responses over the left temporal area to the audiovisual mismatch condition than to the audiovisual matching
condition, whereas EL-infants (n = 21) showed equivalent ERP responses between conditions. This suggests that EL-infants, as a group,
do not perceive incongruencies between auditory and visual speech stimuli in a comparable manner to their neurotypical peers,
supporting the prediction of difficulties in audiovisual speech integration in this population. As there were no comparisons based on
autism diagnostic outcomes, it remains possible that the subgroup of EL-infants with later autism drove the group effects. Furthermore,
associations with language outcomes were not examined as this was outside the scope of the study, so it is inconclusive whether the
audiovisual integration difficulties observed by Riva et al. cascade into later language difficulties in EL-infants. Interestingly, however,
the authors did find an association between reduced audiovisual speech integration in talking faces and greater hypo-responsiveness to
sensory input. As suggested by Riva and collaborators, this relation should be further investigated to test the potential cascading effects
on social communication. Infants who are unresponsive to relevant sensory events in their environment may lose opportunities for
social interaction, which is crucial for socio-communicative development in general and, we would add, for language acquisition in
particular.

Taken together, this indirect evidence, when interpreted in the context of the language difficulties found in EL-infants as a group
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(Belteki et al., 2022; Hudry et al., 2014) and the well-established functional link between audiovisual speech processing and language
outcomes in neurotypical infants (Edgar et al., 2022; Kushnerenko et al., 2013), only partially supports the idea that difficulties in
audiovisual processing may precede difficulties in language development. According to the findings of Guiraud et al. (2012) and Riva
et al. (2022), difficulties in audiovisual speech processing seem to emerge at the group level in EL-infants towards the end of the first
year (at 9 and 12 months). However, these studies did not test associations between this difficulty and potential future language
outcomes or the severity of autistic traits, so the potential cascading effects remain unclear. Furthermore, the group comparisons were
again based on autism likelihood, not diagnostic status, so it remains unclear whether the audiovisual speech processing difficulties
observed in the whole group were driven by a subset of infants’ siblings with autism. Theoretically, the primary difficulty that precedes
and cascades into difficulties in audiovisual speech integration would be in temporal synchrony detection (Bahrick & Todd, 2012).
Therefore, future behavioral and neural studies of audiovisual speech integration in infant siblings should measure—ideally within the
same participants and using the same event—their performance in detecting temporal synchrony, and test within-group associations
between these two perceptual abilities and their predictive role in the development of later language outcomes and autistic traits.

4.2.2. Studies exploring visual attention to audiovisual speech

A systematic search of the eye-tracking research conducted with EL-infants over the last decade reveals that several studies have
investigated social competence (or ‘social attention’; see Falck-Ytter et al., 2022, for a review of the complexity of this umbrella term)
using tasks containing audiovisual speech stimuli. Despite the heterogeneity of these studies (e.g., in terms of stimulus content, age of
testing, or comparison groups—see Table S2 for methodological details), they share some characteristics: (1) they generally aim to test
which gaze patterns EL-infants perform when exploring social information (i.e., events related to or involving interaction with people,
although not all stimuli used fit this definition), (2) at early developmental ages (6-24 months), (3) they compare EL-infants with at
least one group of TL-infants, sometimes further classifying and comparing EL-infants based on diagnostic outcomes (usually,
EL-autism, EL-atypical, EL-typical), (4) by showing infants audiovisual stimuli (often social, mainly female speaking faces), (5) that
vary in complexity (from isolated faces to social scenes).

Complexity here usually refers to the manipulation of several dimensions of the stimuli, such as dynamic/static, or level of pre-
dictability/variability (i.e., in the sense of rapidly changing over time; e.g., Blasi et al., 2013). It is generally assumed that the more
dynamic and less predictable a social stimulus is, the more complex it is. Finally, 6) they usually measure EL-infants’ visual attention
patterns when exploring audiovisual information, mainly their preference for facial features (i.e., the eyes and mouth). Thus, although
indirect, this research may provide meaningful evidence on how EL-infants’ attentional performance functions when dealing with two
sensory modalities (auditory and visual). Notably, we excluded studies that used social audiovisual stimuli without realistic people (e.
g., biological motion; Falck-Ytter et al., 2018).

4.2.2.1. Evidence for group differences. In a prospective study, Shic et al. (2014) investigated whether preference for social
information—a bias that neurotypical infants show from birth—works differently in EL-infants with different diagnostic outcomes
(EL-with autism, EL-atypical, or EL-typical) at 6 months. The task included social stimuli of increasing complexity: a still picture, a
silent video with a moving smiling face, and an audiovisual clip with speech. Notably, only in the audiovisual condition (dynamic
speech), did the subgroup of EL-infants later diagnosed with autism (but not the EL-infants as a whole) show significantly lower
fixation times on the inner facial features and higher fixation times on the outer ones. Because auditory and visual information were
only simultaneously available in this condition (and, thus, had to be integrated by the infants to succeed in the task), the authors
concluded that “the presence of speech might uniquely disturb the attention of infants who later develop autism at a critical developmental point
when other infants are acquiring language and learning about the social world” (Shic et al., 2014, p. 231).

This study does not allow us to examine whether EL-infants with autism have difficulties in audiovisual processing. This would have
required the inclusion of a unimodal auditory speech condition. However, finding that the addition of speech to the task modulated
infants’ face scanning only in this subgroup suggests that the increased complexity of social stimuli (compared to a still face picture and
asilent clip of a smiling face) differentially affects the patterns of selective attention to faces in EL-infants later diagnosed with autism.
Consistently, other authors have also interpreted the results of this study as an indication that audiovisual speech introduces additional
task demands, as it requires high temporal resolution integration (e.g., Elsabbagh & Johnson, 2016). This interpretation is consistent
with the idea that EL-infants with autism may adapt their behavior to their processing abilities by withdrawing their attention from
complex and unpredictable events.

Consistent with this, a seminal prospective longitudinal study conducted at earlier ages (2-24 months) found group differences in
face scanning patterns (Jones & Klin, 2013). Infants watched an audiovisual clip of a female actress emulating a natural interaction,
and their diagnostic outcomes were measured at 36 months. EL-infants who were later diagnosed with autism showed a mean decline
in looking at the eyes from 2 to 6 months, unlike TL-infants. In contrast, there were no group differences in mouth-looking. Thus,
compared to their neurotypical peers, EL-infants with autism showed a different pattern of visual fixation to the eyes of audiovisual
speaking faces, following a different developmental trajectory already in the first half of the first year of life. This different attentional
pattern was interpreted by the authors as being specific to EL-infants with autism outcomes, rather than to the group as a whole,
suggesting that it may be a potential early marker of autism. However, as the group comparisons were based only on autism diagnostic
outcomes, we argue that it cannot be ruled out that early difficulties in eyes-looking may extend to the whole group of EL-infants. Of
note, only male participants were included in the analyses, which may limit the generalizability of these findings to female EL and
neurotypical infants, as sex differences in attention to static and dynamic faces and preferences for the eyes and mouth have been
documented in both populations (Chawarska et al., 2016; Kleberg et al., 2019; Lozano et al., 2022).
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4.2.2.2. No evidence of group differences. However, other studies have found null results for group differences. In another prospective
study, Chawarska et al. (2013) also assessed the visual preference of infants’ siblings in a naturalistic social scene at 6 months of age.
They used a task in which one condition consisted of a clip simulating a dyad with the participant, including a woman performing
different types of activities while talking to the infant about scene elements. Consistent with the findings of Shic et al. (2014), infants
who were later diagnosed with autism attended less to the social scene, as they spent a significantly lower proportion of fixation time
looking at the actress, particularly her face. However, there were no group differences in the distribution of attention to the mouth or
eyes. All infants, regardless of diagnostic outcome, spent more time looking at the eyes and mouth in the dyadic condition (and another
‘shared attention’ condition) than in the conditions in which the actress was not trying to engage with the infant but performing
activities.

Elsabbagh et al. (2014) also reported no differences between 7- and 14-month-old EL-infants with autism and TL-infants in their
visual scanning strategies or in the distribution of attention between the eyes and mouth. This suggests that the scanning of complex
social scenes does not differ significantly between infants who go on to develop autism and those who do not. This was also replicated
when the groups were compared on the basis of autism likelihood status. Interestingly, the task involved simple or complex dynamic
scenes with multiple communicative signals (i.e., clips of a face moving its mouth, eyes, or hands as simpler conditions, and a clip of a
peek-a-boo scene as the most complex condition) that did not include speech. Considering these results together with those of Shic et al.
(2014), the presence or absence of speech in the task may explain the mixed evidence in the face scanning patterns of infants’ siblings.
While the use of audiovisual speech elicited differences in visual attention to internal facial features between EL-infants with autism
and TL-infants (Shic et al., 2014), no group differences were found in its absence (Elsabbagh et al., 2014).

4.2.2.3. Relations between mouth-looking and language outcomes. Finally, only two published studies have measured mouth-looking
during audiovisual speech events in infant siblings during infancy and related their performance to language outcomes in the sec-
ond year of life.

In a prospective longitudinal study, Chawarska et al. (2022) compared EL-infants without autism with neurotypical infants at 12
months in their preferences for the face and mouth of a dynamic talking face uttering audiovisual speech. This was interspersed with
non-speech episodes in which the actress was making a sandwich or looking at toys. Language outcomes at 18 months were also
assessed using a developmental scale (Mullen Scales of Early Learning; MSEL, Mullen, 1995) and autism diagnostic outcomes and trait
severity using a standardized scale (Autism Diagnostic Observation Schedule 2-Toddler Module; ADOS 2; Lord et al., 2012) at 18, 24,
and 36 months. Importantly, EL-infants diagnosed with autism were excluded from the analyses. The authors found that EL-infants
without autism did not differ from TL-infants in attention to the face or preference to the mouth. However, only TL-infants showed
positive associations between attention to the face and mouth-looking at 12 months, and language outcomes at 18 months. This
relation was absent in EL-infants without autism, suggesting that the functional link between increased mouth-looking and better
language outcomes may potentially be different at the group level in infant siblings. This supports the idea that difficulties in selective
attention to audiovisual speech may underlie difficulties in language development in emerging autism (Bahrick, 2010; Bahrick & Todd,
2012).

However, the lack of group comparisons based on autism diagnosis rather than autism likelihood prevents concluding whether this
difficulty is also present in infants later diagnosed with autism. This is plausible, as Habayeb et al. (2021) found in a cross-sectional
study that looking at the mouth was positively associated with expressive language in 10-25-month-old neurotypical toddlers and
those with an autism diagnosis who had acquired their first words, compared with those who had not. In addition, autistic toddlers
showed less mouth-looking than neurotypical peers. These findings suggest that, as Chawarska et al. (2022) point out, selective
attention to audiovisual speech may be a potential endophenotype candidate mechanism that ‘may lay between the distal genetic risk
factors for autism and proximal overt expressions of these factors in behavior (i.e., language development difficulties)’ (p. 1473).

Nevertheless, in contrast to Chawarska et al. (2022), Santapuram et al. (2022) found in a cross-sectional study no differences
between EL-infants and TL-infants (6-18 months) in selective attention to the eyes and the mouth, and no direct associations between
mouth-looking and concurrent expressive language regardless of likelihood status. Instead, they found that increased mouth-looking
was indirectly related to better expressive language via increased joint engagement with the caregiver and prelinguistic vocal
complexity in both groups. Unlike Chawarska et al.’s, these findings do not support the view that difficulties in selective attention to
audiovisual speech may underlie difficulties in language development in infant siblings (Bahrick, 2010; Bahrick & Todd, 2012). Of
note, the wide range of ages tested may have masked potential difficulties in selective attention to the mouth in audiovisual speech in
EL-infants at the end of the first year, and their cascading effects on other preverbal communicative skills that may underlie potential
language difficulties in autism.

4.2.2.4. Differences in the candidates or the functional links to language?. Albeit indirectly, the reviewed studies indicate that, at the
group level, EL-infants show similar visual fixation patterns to neurotypical infants when scanning social information from both visual
and auditory modalities (i.e., audiovisual speaking faces). This challenges the hypothesis that infant siblings, as a whole, show dif-
ficulties in processing audiovisual redundant speech events, as none of the eight indirect studies reviewed (summarized in Table S2)
found group differences between EL and TL-infants in selective attention to audiovisual stimuli. However, in one of the only two
studies that assessed language outcomes (Chawarska et al., 2022), the functional association between mouth-looking and expressive
and receptive language was absent, in contrast to the positive associations found in neurotypical infants. This suggests that while the
attentional ability itself may not be different in infant siblings, the functional link may be different compared to their neurotypical
peers (but see Santapuram et al., 2022 for null results). Thus, selective attention to audiovisual speech may account for the language
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difficulties associated with an increased likelihood of autism.

Although not convergent, the reviewed studies also support the possibility that EL-infants with a diagnosis of autism do not scan
relevant facial features similarly to neurotypical infants when audiovisual speech is involved, as two of the eight indirect studies
reviewed (Shic et al., 2014; Jones & Klin, 2013) found difficulties in selective attention to audiovisual speech from 2 to 6 months
specifically in infants with a later diagnosis of autism. In line with this, Habayeb et al. (2021) reported that toddlers with a diagnosis of
autism showed reduced looking at the mouth compared to their neurotypical peers.

Although we cautiously view this research as indirect, given that infants’ selective attention to talking faces appears to be closely
related to their sensitivity to temporal synchrony, we believe that these findings support the need to further investigate the hypothesis
that potential differences in temporal synchrony detection occur in EL-infants and affect later language development. However, the
evidence reviewed remains inconclusive and mixed, preventing robust conclusions about this prediction.

First, not all of the reviewed studies systematically compared groups based on both autism likelihood status and diagnostic out-
comes (see Elsabbagh et al., 2014 for an exception). Therefore, it remains unknown whether EL-infants, as a group, exhibit difficulties
with face scanning, which would suggest that this may be a candidate mechanism shared by all infant siblings due to the increased
likelihood of autism (despite potential individual differences). Or, alternatively, whether this difficulty is only present in EL-infants
who go on to develop autism, suggesting that it may be an early marker of autism.

Second, future studies of infant siblings should measure selective attention to talking faces in early infancy and later outcomes,
including both autism diagnosis and language development. Only one study (Chawarska et al., 2022) measured both language and
autism diagnostic outcomes, and none tested associations between selective attention to talking faces, language outcomes, and autistic
trait severity within the same study. This would clarify the functional specificity of difficulties in selective attention to talking faces in
infant siblings.

Third, with the exception of the preliminary study by Lozano et al. (2024), there has been no longitudinal research on the patterns
of change over time in selective attention to audiovisual speaking faces in EL-infants over the first year, a relevant period for the
emergence of this ability in neurotypical infants. Most studies have assessed this ability at a single time-point, rather than tracking it
over time. This limits our understanding of infant siblings’ access to relevant cues, which is essential for learning from audiovisual
redundancy and, thus, discriminating temporal synchrony.

5. General discussion
5.1. Gaps in the literature

The studies reviewed (see Table 1 for a summary) have shown that EL-infants appear to exhibit reduced sensitivity to temporal
synchrony in audiovisual speech events (Suri et al., 2023), but this has not always been replicated (e.g., Lozano et al., 2024). When
found, the exact onset of this difficulty is unclear, and greater sensitivity to this cue predicts better later productive language outcomes
in this group, in contrast to neurotypical infants who showed no such relation (Suri et al., 2023). EL-infants also appear to show
reduced audiovisual speech integration (Guiraud et al., 2012; Riva et al., 2022), and a trajectory of selective attention to the mouth of
talking faces that is comparable to that of neurotypical infants in some studies (Chawarska et al., 2022, at 12 months; Santapuram
et al., 2022, at 6-18 months) but different in others (e.g., Lozano et al., 2024, at 12 months).

The literature also suggests that, unlike neurotypical infants (Lozano et al., 2022; Tsang et al., 2018), infant siblings may lack the
associations between selective attention to the mouth of talking faces and language development in the second half of the first year
(Chawarska et al., 2022), suggesting a potentially different functional link that may limit the language development benefits precisely
in this time period. However, this pattern was not replicated when infant siblings were tested across a wider age range (Santapuram
et al., 2022), suggesting that it may be temporally limited to the end of the first year and its effects observed later on as reduced
language benefits at 18 months.

The link between greater sensitivity to temporal synchrony in audiovisual speech and larger productive vocabulary may also reflect

Table 1
Overview of the studies reviewed and the gaps in the literature.

Different in EL-infants? Earliest time-point
observed? (in months)

Sensitivity to Temporal Synchrony in AV Speech ~ Mixed findings Unclear (wide age-range
tested)

Selective Attention to the Mouth in AV Speech Preliminary evidence for Yes, but mixed findings 12

AV Speech Integration Yes 9

Relations Between Sensitivity to Temporal Unclear- present in EL-infants but not in TL-infants (indicates difficulty or =~ Unclear (wide age-range

Synchrony in AV Speech and Language Outcomes  compensatory?) tested)

Relations Between Selective Attention to AV Present in TL-infants but absent in EL-TD (not tested in EL-ASC) 12

Speech and Language Outcomes Present in TL and EL-infants, but indirect effect modulated by joint 6-18

engagement with the caregiver and infants’ prelinguistic vocal complexity.

Notes: ASC: Autism Spectrum Condition. AV = Audiovisual. EL-infants = Infants at Elevated Likelihood for ASC. EL-TD, infants with no evidence of
clinically significant symptoms of ASC; EL-ASC: infants with frank symptoms and diagnosis of ASC; TL-infants = Infants With Typical Likelihood for
ASC.
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a difficulty, as it was observed in 4-24-month-old infant siblings but not in neurotypical peers (Suri et al., 2023). We speculate that the
absence of this association in aged-matched neurotypical infants may suggest that it developed earlier in them, and may have emerged
later in infant siblings. However, the wide age range in Suri et al.’s study prevents confirmation of this possibility, and no other
research has investigated when this association occurs in neurotypical infants. Alternatively, the association found by Suri and col-
laborators may reflect that those EL-infants who show greater sensitivity to temporal synchrony may somehow compensate for po-
tential initial difficulties in this perceptual ability, perhaps by displaying different patterns of visual attention to talking faces than
TL-infants (e.g., Lozano et al., 2024), which may benefit their later vocabulary.

The reviewed evidence also suggests that the trajectory of selective attention to the eyes declines in EL-infants compared to
neurotypical infants as early as 2-6 months (Jones & Klin, 2013). However, it is unclear whether this pattern occurs in infant siblings
regardless of their autism diagnosis, and whether reduced attention to the eyes affects later socio-communicative and language
outcomes. Furthermore, there is insufficient evidence to conclude whether it is only infant siblings who are later diagnosed with autism
who show difficulties in sensitivity to temporal synchrony and a lack of association between mouth-looking and language outcomes, or
whether this extends to the whole group. Thus, taken together, the evidence supports that whereas the link between sensitivity to
temporal synchrony and language outcome seems to function typically in infant siblings, the link between mouth-looking and language
skills seems to be absent at least at some time-points. This finding may indicate a difficulty of infant siblings in efficiently using the
audiovisual cues of this facial area for language learning. However, it remains unclear whether this occurs at a group level or only in
infants with a later diagnosis of autism.

5.2. Ways forward: Future research directions

The inconclusive developmental picture in the literature could benefit from some future research steps, ideally within the same
study.

First, longitudinal studies with infant siblings are needed that densely track both sensitivity to temporal synchrony in audiovisual
speech and selective attention to talking faces over the first year in the same participants. Few of the prospective longitudinal studies
reviewed have tracked these abilities across multiple time-points (e.g., Droucker et al., 2013; Jones & Klin, 2013; Lozano et al., 2024);
most have assessed infant siblings at a single time-point or across broad age ranges (e.g., Suri et al., 2023). Because the typical
developmental trajectory of changes in selective attention to audiovisual speech appears to be closely linked to changes in temporal
synchrony detection in the same event, it is fundamental to track both longitudinally in infant siblings and to test whether one or both
follow a different trajectory relative to their peers. Testing group comparisons by both diagnostic outcome (between EL-infants with
autism, EL-infants without autism, and TL-infants) and autism likelihood (EL-infants vs. TL-infants) within the same longitudinal study
is important to address whether potential difficulties in sensitivity to temporal synchrony in audiovisual speech, audiovisual speech
integration, and selective attention to talking faces are specific to autism or rather shared by infant siblings as a whole group.

Lozano et al. (2024) conducted such a design during the first year of life (at 4, 8 and 12 months) and observed reduced
mouth-looking in audiovisual fluent speech in EL-infants only at 12 months, but no evidence for reduced temporal synchrony detection.
Together with these findings, the lack of association between mouth-looking at 12 months and language outcomes at 18 months
(Chawarska et al., 2022), and the early decline in eyes-looking observed by Jones and Klin (2013) at 2-6 months, may suggest that
infant siblings may show different timing in the trajectory of preference for the eyes and mouth. However, this remains unclear due to
the lack of high-powered longitudinal studies that follow these abilities in the first year and later language and diagnostic outcomes.
Thus, the preliminary findings by Lozano et al. need to be replicated in a large sample. It is also necessary to analyze within-individual
associations between performance on the two skills and later language and diagnostic outcomes.

Second, there is a need to investigate longitudinal associations between temporal synchrony detection in audiovisual speech, se-
lective attention to the eyes and mouth, and audiovisual speech integration across the first year, all in the same event (ideally, au-
diovisual fluent speech, where evidence for group differences has been found; Lozano et al., 2024). Perceptual and attentional abilities
are closely intertwined in typical development, so it is of interest to investigate whether difficulties in one or more may cascade into
difficulties in the others (see Todd & Bahrick, 2022 for supporting evidence in autistic children). Although temporal synchrony
detection would be the primary difficulty that would cascade into difficulties in audiovisual integration (see Bahrick & Todd, 2012), no
research has tested this potential developmental pathway in EL-infants.

Third, it is crucial to test the longitudinal links between these three abilities during the first year and language outcomes in
toddlerhood in order to identify potential difficulties in these functional relations compared to those observed in neurotypical infants
(e.g., Edgar et al., 2023). Additionally, it is important to investigate how these abilities relate to later autism outcomes and trait
severity in toddlerhood (at 24-36 months). This will help to assess whether difficulties in each ability represent cumulative risk factors
for language difficulties, which are also present in the general population and other neurodevelopmental conditions, or early markers
of autism. Aggregated difficulties in all of these abilities may occur only in infant siblings with a diagnosis of autism in the first year,
affecting their later language development. Conversely, isolated difficulties in each of these abilities may occur in infant siblings as a
whole and may not be specific to autism. Unlike infants with a diagnosis of autism, those without it may exhibit milder difficulties in
language development, potentially compensating for them and restoring or approaching the typical developmental trajectory through
canalization (Elsabbagh & Johnson, 2010).

Canalization to ameliorate these difficulties may occur through several mechanisms. Infant siblings as a group may have a genetic
susceptibility to differences in these three abilities, but for those without a diagnosis of autism, the typical developmental trajectory
could be restored through compensatory brain plasticity, environmental factors, or niche construction (i.e., the process by which
individuals construct an environment that fits their processing style; Johnson et al., 2015). For example, if the typical pathway of
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audiovisual integration in speech is compromised in infant siblings due to the perceptual complexity of this event, a more ’auditory’
processing pathway (i.e., characterized by less looking at the mouth than neurotypical peers) may emerge to maintain functionality in
language development, even though this may reduce sensitivity to temporal synchrony due to lack of the benefits from attending to
visual speech cues. This might explain why studies have found reduced audiovisual integration (Guiraud et al., 2012; Riva et al., 2022)
and reduced sensitivity to temporal synchrony in infants’ siblings, while this latter difference unexpectedly predicts better language
outcomes, with larger temporal binding windows associated with better vocabulary only in this group, but not in neurotypical infants
(Suri et al., 2023).

Environmental factors may also drive the canalization process. For example, caregivers may adapt to this alternative develop-
mental pathway of more ‘auditory’ based audiovisual speech processing by supporting joint engagement and vocal complexity in face-
to-face communication (e.g., see Quigley et al., 2016 for evidence from naturalistic interactions that mothers and EL-infants maintain
the typical pitch of Infant Directed Speech longer in development than mothers and TL-infants). This may explain why in some studies
infant siblings show reduced mouth-looking (Lozano et al., 2024), while in others only those with more supportive joint engagement
from their caregivers and greater vocal complexity show more mouth-looking and better expressive language (Santapuram et al.,
2022). As suggested by Santapuram and collaborators, infants’ increased mouth-looking during face-to-face interactions may help
them develop language skills by showing caregivers that they are ‘tuned in’ to their communication and developmentally ready to
interact. This may encourage caregivers to provide joint engagement, where they create scaffolded interactions that involve reciprocal
engagement around shared objects or events. These interactions provide a setting in which the infants’ communication becomes
meaningful and relevant, making it an ideal context for facilitating early pre-linguistic vocalizations that can lead to stronger
expressive language development over time.

Finally, we still need to clarify whether basic perceptual and attentional difficulties alone explain the language difficulties asso-
ciated with autism, or if core difficulties in social attention play a role. While the field is moving toward accepting perceptual diffi-
culties as a self-sufficient explanation for core social difficulties in emerging autism and subclinical language difficulties extended to
infant siblings (Falck-Ytter & Bussu, 2023), this is still a controversial issue that requires further research. Addressing all of these gaps
will have a significant impact on the field.

6. Theoretical implications
6.1. Towards solving the puzzle: Targeting new domain-general difficulties

Infants later diagnosed with autism show few overt behavioral signs of difficulties that do not fit the cognitive profile associated
with autistic traits (Elsabbagh & Johnson, 2010; 2016), challenging models of autism development. This is known as the ‘first-year
puzzle’ and it has been addressed by two theories: the social-first hypotheses and domain-general accounts.

Social-first hypotheses propose that the social features characteristic of autism arise from different social orienting biases (Schultz,
2005), which should therefore be explored in early components of the social brain (i.e., a network of regions involved in processing
social information). However, evidence suggests that there are no differences between infants with a diagnosis of autism and neu-
rotypical peers on several measures of social orientation in the first year, such as face orienting (Elsabbagh et al., 2013b; Palomo et al.,
2022), or face scanning (Elsabbagh et al., 2014). Alternatively, domain-general accounts suggest that the earliest precursors of social
difficulties may not be restricted to the social domain (Campos, 2018; Elsabbagh & Johnson, 2016; Gliga et al., 2014; Johnson et al.,
2015; Johnson, 2017). Instead, widespread difficulties in different systems would precede social features, which is supported by
studies showing attentional (Elsabbagh et al., 2013a), perceptual (Piccardi et al., 2021), visual (Gliga et al., 2015) and sensorimotor
(Iverson & Wozniak, 2007) difficulties in infants with a later autism of diagnosis. Domain-general accounts mainly include Karmi-
loff-Smith’s Neuroconstructivism (although it would be more accurate to call it domain-relevant; see the underlying rationale in
Karmiloff-Smith, 1998; 2015; Campos, 2018; Elsabbagh & Johnson, 2016; Gliga et al., 2014; Johnson et al., 2015), and the Intersensory
Impairment Hypothesis for autism by Bahrick and collaborators (hereafter, IIH; Bahrick, 2010; Bahrick & Todd, 2012), which represents
an extension of the IRH (Bahrick & Lickliter, 2002; 2014).

While domain-general accounts are more consistent with current evidence than the social first hypotheses, explaining how broad
difficulties differentially affect the social domain is a challenge. The social world contains fast, complex, dynamic, and highly un-
predictable stimuli, such as human faces or audiovisual speech. Difficulties in the ability to deal with this uncertainty may hinder
infants’ adaptation to the social environment, potentially reducing their social engagement. Even subtle initial difficulties may result in
‘the early environment being sampled with poor fidelity, with a particular cost to the most dynamic and least easily predictable elements of the
external environment’ (Johnson et al., 2015, p. 434). While ‘widespread difficulties’ may affect social and non-social stimuli, social
stimuli would be differentially more affected due to their complexity. This mismatch between infants’ abilities and the processing
demands of their social environment could lead them to prioritize simpler, non-social stimuli over complex social ones, at the cost of
reduced attunement to the social world (Gliga et al., 2014; Johnson, 2017). This could cascade into the social features observed in
autism and the subclinical language difficulties reported in infants’ siblings as a whole (Belteki et al., 2022).

The IIH hypothesizes that reduced detection of temporal asynchrony would cascade into difficulties with audiovisual integration
and, ultimately, into the social-communicative features that are at the core of autism. It may also cascade into subclinical develop-
mental trajectories of language difficulties associated with autism (Bahrick, 2010; Bahrick & Todd, 2012). An early difficulty in
detecting temporal synchrony could affect how redundancy guides infants’ selective attention to relevant socio-communicative events,
losing the benefits of unified perception and gains in this social domain (Bahrick, 2010).

This hypothesis is unique compared to other domain-general accounts in guiding early autism research, because (1) it makes a very
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specific prediction about which difficulties in very specific domain-general mechanisms—primarily temporal synchrony detection, but
also selective attention—may lead to domain-specific difficulties associated with autism (in socio-communicative skills, including
language), (2) it provides a developmental approach by linking subtle early difficulties in a low-level perceptual and attentional
mechanism and their impact on later higher-order skills associated with autism, and (3), by highlighting the complex perceptual
demands of social contexts on infants, it explains why temporal synchrony detection is differentially fundamental for infants to succeed
in social contexts (vs. non-social), and, more importantly, why a difficulty in this perceptual mechanism would differentially affect
social (vs. non-social) skills in autistic individuals.

As we have shown in this review, taken together, the evidence in infant siblings only partially supports the IIH. Contrary to pre-
dictions, the link between sensitivity to temporal synchrony and language outcomes appears to be typically functioning in infant
siblings. However, as predicted, the link between looking at the mouth and language skills appears to be lacking—at least at some time-
points—suggesting a potential difficulty in efficiently using the audiovisual cues of this facial region for language learning. However, it
remains unclear whether this occurs at a group level or only in infants who are later diagnosed with autism.

Evidence for the IIH is also mixed when more broadly looking at the literature on autistic individuals across the lifespan. Although
evidence is mixed (as age and stimulus type modulate this difficulty; Feldman et al., 2018), in support of this hypotheses, previous
research has found differential sensitivity to temporal synchrony across the lifespan (Stevenson et al., 2016), with reduced temporal
asynchrony observed in autistic children aged 3-4 years (Irwin et al., 2011; Mongillo et al., 2008). It starts early and continues through
childhood and adolescence, but not into adulthood (de Boer-Schellekens et al., 2013a), supporting the IIH that sensitivity to temporal
synchrony may be affected in autism, although it is not a core feature.

Although this difficulty also occurs with non-speech stimuli (e.g., flashes and beeps; Beker et al., 2018; Foss-Feig et al., 2010; but
see de Boer-Schellekens et al., 2013a,b for mixed evidence), it is more pronounced with audiovisual speech (de Boer-Schellekens et al.,
2013b; Stevenson et al., 2014; 2018). Some studies have found temporal synchrony detection differently functions exclusively to
audiovisual talking faces and not to objects impacting a surface. For example, Bebko et al. (2006) reported differential responses to
temporal synchrony only for linguistic stimuli (vs. objects) in 4-to 6-year-old autistic children. Similarly, Righi et al. (2018) found
reduced sensitivity to multiple temporal asynchronies in talking faces uttering fluent speech among 2-to-9-year-olds. Todd and Bahrick
(2022) replicated this difficulty at ages 2-5 years, demonstrating its exclusivity to audiovisual talking faces and not to objects
impacting a surface. These difficulties persist into adolescence (Zhou et al., 2022) and adulthood (Beker et al., 2018), although they
appear to improve over time.

Also, in support for the IIH (Feng et al., 2021; Stevenson et al., 2018), autistic individuals show a larger temporal binding window
across different audiovisual events and ages, perceiving auditory and visual stimuli as coming from the same event over longer time
intervals than neurotypicals (Foss-Feig et al., 2010; Wallace & Stevenson, 2014). Although not exclusive, this is more pronounced for
audiovisual speech events (Zhou et al., 2022). Differences between autistic and neurotypical individuals decrease with age, becoming
equivalent in adulthood for both non-social (Ainsworth & Bertone, 2023; Weiland et al., 2023) and social events (Poole et al., 2023).

However, contrary to the IIH, difficulties in temporal synchrony detection in autistic individuals do not consistently correlate with
socio-communicative or language difficulties, raising uncertainty as to whether the former accounts for the latter. In autistic children
and adolescents (aged 8-17 years), reduced perception of unity in audiovisual speech stimuli positively correlates with socio-
communicative and sensory difficulties (Mongillo et al., 2008; Woynaroski et al., 2013). Similarly, reduced audiovisual speech
integration is associated with the severity of autistic traits (Feldman et al., 2018), but exceptions exist, particularly in links to language
difficulties (e.g., Todd & Bahrick, 2022; Weiland et al., 2023). For example, in autistic children (aged 2-9 years), the detection of
temporal asynchronies in audiovisual talking faces is positively correlated with concurrent language skills, as in neurotypicals (Righi
et al., 2018). Consistently, autistic children (aged 2-5 years) show reduced temporal synchrony detection in audiovisual talking faces
compared to neurotypicals, but this ability predicts language outcomes in both groups (Todd & Bahrick, 2022). However, whereas in
neurotypical children attentional maintenance and disengagement of attention to talking faces mediated the positive link between
temporal synchrony detection and language outcomes, in autistic children, temporal synchrony did not mediate this relation. Instead,
maintaining attention and detecting temporal synchrony in talking faces were unrelated and independently predicted better language
outcomes. This suggests a potential disconnect between these two skills in autistic children, yet improvements in each positively
influenced language development. In addition, temporal synchrony detection in talking faces did not predict the severity of autistic
traits.

Taken together, the evidence from infant siblings and autistic individuals only partially supports the IIH, leaving unresolved issues
in understanding sensitivity to temporal synchrony in autism. First, the developmental patterns leading to difficulties in audiovisual
processing in autism remain unexplored; they are more pronounced at younger ages and decline in adolescence as autistic individuals
‘catch up’ with their peers (Taylor et al., 2010), but their onset and potential changes during early development remain unknown.
Second, and crucially, the relation between audiovisual processing and temporal synchrony detection across development in both
autistic, infant siblings, and neurotypical populations requires further investigation. Researchers increasingly agree that, at least for
audiovisual speech, different temporal synchrony detection in autistic individuals likely precedes and explains the difficulties in au-
diovisual integration for the same events (Stevenson et al., 2016; Wallace et al., 2019), but further replication is needed.

6.2. Domain-general difficulties may become domain-specific over time
Despite only partial support for the ITH, it could still guide future research on the early developmental course of temporal synchrony
difficulties in autism and their potential cascading effects, addressing some of the literature gaps identified above. Difficulties in early

sensitivity to temporal synchrony and selective attention remain outside most of the domain-general models, with the exception of the
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ITH, where they are central. One reason for this may be the ongoing theoretical debate about whether the difficulties found in infant
siblings in some studies (e.g., Suri et al., 2023) are initially domain-general or domain-specific, and whether this specificity changes
during the first year.

In this review, we have focused on discussing studies of temporal synchrony detection in audiovisual speech events, which is
fundamental for early language acquisition, but difficulties in this ability in infant siblings with a diagnosis of autism also occur for
other social events by the end of the first year (biological motion; (Falck-Ytter et al., 2018). However, most studies lack a full
developmental trajectory and often measure only one time-point. For example, Suri et al. (2023) showed cross-sectionally that 4-24
months-old infant siblings exhibit difficulties in this ability for audiovisual speech events, but not for non-social events (e.g., a
bouncing ball). However, this may not hold when measured at earlier and more specific time-points, rather than across a range of ages.

We propose that potential difficulties in temporal synchrony detection and selective attention may start as domain-general, but have
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Fig. 1. Overview of our conceptual model illustrating developmental pathways linking sensitivity to temporal synchrony (STS, purple) and selective
attention (SA, blue) in audiovisual (AV) speech to later language outcomes in TL-infants (a) and EL-infants (b). Dashed lines indicate relations across
the lifespan, direct or indirect (non-causal). In EL-infants (at the group level), reduced STS and SA may directly impact language outcomes or do so
via reduced AV speech integration (yellow). Although SA and STS are domain-general mechanisms, their disruption may especially delay perceptual
narrowing to relevant social events like AV speech (depicted here), faces, or phonemes, as they are more complex than non-social events. Ultimately,
they may cascade into language differences in EL infants, as perceptual narrowing to social events is crucial for typical language acquisition.
Differences in SA and STS can also lead to different dyadic interactions, omitted here for clarity. TL: Typical Likelihood of autism; EL: Elevated
Likelihood of autism; AV: Audiovisual; Mo: months. Created with BioRender.com.
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greater cascading effects on infant siblings’ attunement to their social environment due to the complex nature of these events, such as
audiovisual speech (see Fig. 1 for an overview of our proposal). Indeed, autistic children show more pronounced difficulties in detecting
temporal asynchronies in social versus non-social events (Falck-Ytter et al., 2013; Klin et al., 2009). However, it remains unclear
whether this asymmetry extends to infant siblings as a whole and, if so, when it emerges (possibly between 4 and 24 months, as
suggested by Suri et al., 2023). Again, we suggest that a longitudinal approach is needed to track whether domain-general difficulties
become domain-specific over time (Elsabbagh & Johnson, 2016).

Importantly, with the exception of Suri et al. (2023), to our knowledge, no other study has compared temporal synchrony detection
between social and non-social events in infant siblings. Systematically investigating early difficulties in both sensitivity to temporal
synchrony and selective attention in EL-infants in audiovisual speech and other social events compared to non-social events during the
first year might also help to solve the first-year puzzle for two reasons.

First, as in neurotypical infants (Edgar et al., 2023), sensitivity to temporal synchrony may be differentially important for EL-infants
to engage effectively in social contexts. Difficulties in this mechanism could disproportionately affect the processing of social events
relative to non-social events. Consistent with domain-general accounts, this differential effect may be due to the fact that social events
are complex, multimodal, unpredictable, and highly temporally variable. Reduced sensitivity to temporal synchrony, which is essential
for linking auditory and visual stimuli, could make these events ‘confusing, aversive, and well beyond the optimal range of sensory
stimulation’ (Bahrick & Todd, 2012, p. 662) rather than perceptually unified, potentially affecting infants’ social engagement. The same
reasoning can be extended to audiovisual speech events. Given its complexity, if EL-infants develop difficulties in detecting temporal
synchrony early in life, the demands of processing this event may exceed their optimal range of sensory stimulation.

One possibility is that EL-infants may follow an alternative route of processing audiovisual speech as an ‘adaptation’ to simplify this
complex event (see Johnson et al., 2015). We hypothesize that EL-infants may avoid relying on visual cues from the articulating mouth,
as these may not facilitate the processing of redundant information (see Zhao et al., 2023 for evidence in autistic children). Instead,
EL-infants may use a more ‘auditory-based’ form of audiovisual speech processing. While this alternative path may be better suited to
their perceptual abilities, it may limit their access to important visual linguistic cues, thereby constraining language learning. This is
supported by the group-level language difficulties exhibited by EL-infants (Belteki et al., 2022), the lack of associations between
mouth-looking at the end of the first year and language outcomes in toddlerhood (Chawarska et al., 2022), and the reduced sensitivity
to temporal synchrony in EL-infants only for audiovisual speech events, not objects (Suri et al., 2023). However, the current designs and
ages tested have only provided evidence for group differences in mouth-looking in a preliminary longitudinal study (Lozano et al.,
2024). To further test this possibility, high-powered infant sibling studies are needed to track this ability and temporal synchrony
detection in social and non-social events in the first year, and language and diagnostic outcomes in toddlerhood (see Todd & Bahrick,
2022 for a cross-sectional example in autistic children).

Second, selective attention is a domain-general skill that is critical for infants to sample their social contexts (Bahrick, 2010). Like
sensitivity to temporal synchrony, this mechanism helps infants handle a dynamic multimodal environment, which supports language
acquisition (Edgar et al., 2023; Tsang et al., 2018; Young et al., 2009). Investigating longitudinally whether selective attention to both
social (e.g., audiovisual speech) and non-social (e.g., objects) events becomes altered in infant siblings during the first year and, if so,
its implications for later language and autism outcomes will shed light on the first-year puzzle. Designing selective attention tasks that
use non-social stimuli that are comparable to social stimuli in complexity, but not in content, is a key challenge that remains to be
solved. Naturalistic social and non-social events differ in complexity, making it difficult to define clear criteria for equating their
properties and ensuring comparable complexity.

6.3. Mind to focus on development itself

Although the IIH has contributed to target two very specific perceptual and attentional mechanisms that may function differently in
infant siblings, some important theoretical gaps remain in this approach. However, these can be addressed by other current domain-
general accounts, primarily Neuroconstructivism (Campos, 2018; Johnson et al., 2015; Karmiloff-Smith, 1998).

First, it is fundamental to explain the developmental processes linking primary (e.g., perceptual) and derivative (e.g., linguistic)
difficulties in EL-autism infants. In contrast to the IIH, Neuroconstructivism suggests specialization as the underlying affected devel-
opmental mechanism and perceptual narrowing as the fundamental affected process, but this has not been tested.

Second, it is necessary to formulate accurate theoretical predictions in terms of developmental time (i.e., when should we expect to
see difficulties in these two mechanisms in EL-infants?). We propose that the Neuroconstructivist approach suggests relevant time-
points that need to be explored. This account hypothesizes that EL-infants would exhibit group-level delays in the perceptual nar-
rowing of relevant social events in their environment, including audiovisual speech, native language phonemes, or the same-race faces
of people with whom they interact (Campos et al., 2019; Johnson et al., 2015). As neurotypical infants complete this process by the end
of the first year (Maurer & Werker, 2014), future research should focus on investigating the performance of EL-infants at this
time-point and compare it with their performance at the classical pre-perceptual narrowing time-points (4 and 8 months)—for
example, as in Lozano et al. (2024), although these authors did not test perceptual narrowing in audiovisual speech. Furthermore,
longitudinal studies with infant siblings should investigate whether potential difficulties in temporal synchrony detection and selective
attention in audiovisual speech delay infants’ perceptual narrowing in this event.

Third, it is not so clear that the comparison needed to examine domain-general vs. domain-specific difficulties is necessarily social
vs. non-social events, as assumed by the IIH. Neuroconstructivism suggests the need to rethink comparing infant siblings’ performance
on social vs. non-social stimuli, advocating instead comparisons between experienced vs. non-experienced social events (i.e., native vs.
non-native, including audiovisual speech; Campos, 2018).
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Fourth, a more comprehensive developmental picture of the cascading effects of perceptual and attentional difficulties in infant
siblings is needed. From a Neuroconstructivist perspective, the initial constraints in infant siblings may occur internally in their
neurocognitive system (e.g., difficulties in temporal synchrony detection), but also externally (e.g., the amount of audiovisual speech
experience received from caregivers) and in infant-caregiver interactions (internal-external). Therefore, future studies of temporal
synchrony detection and selective attention should ideally track variables at these three levels, rather than focusing primarily on the
internal level. For example, at the external level, we could manipulate audiovisual redundancy in infant-caregiver dyads by presenting
infants with a silent talking’ caregiver and comparing their preferences for eyes and mouth with those in a condition where the
caregiver provides audiovisual speech. At the internal-external level, studying infants of blind caregivers, who do not experience the
visual cues that typically accompany auditory speech in a talking face—such as eye gaze, eyebrow movements, or gestures—provides
an interesting opportunity to explore, in a natural setting, the differential effects of audiovisual speech features versus dyadic features
on infants’ attention to the eyes and mouth. Furthermore, it is important to investigate whether reciprocity and turn-
taking—dimensions related to temporal synchrony at the dyadic level—influence infants’ preferences and engagement with talking
faces, which may be partially influenced by the caregiver’s behavior (e.g., mutual gaze, facial expressions, body movements).

Finally, we need to address the potential non-specificity of difficulties in temporal synchrony detection and selective attention in
autistic individuals and infant siblings. While the IIH focuses the predictions on autism, children with Specific Language Impairment,
preterm infants, or infants with Fragile X also exhibit them (D’Souza et al., 2016; Pons et al., 2013). From Neuroconstructivism and
cumulative risk factor models of emerging autism (Elsabbagh, 2020), a complete picture requires the investigation of potential
common and divergent trajectories of these two mechanisms across neurodevelopmental conditions, as well as compensatory path-
ways. Therefore, it will be important to conduct cross-syndrome studies that longitudinally track these two abilities throughout the
first year of life.

6.4. Broadening theoretical frameworks

Future studies should expand their theoretical frameworks beyond domain-general accounts of autism to interpret the findings.
Bayesian models of perception in autism may provide insights into the inconclusive results reviewed (e.g., Pellicano & Burr, 2012).
According to these models, the perception of individuals with autism is less influenced by their prior beliefs about the environment,
their so-called ‘priors’ (see Chrysaitis & Series, 2023, for a systematic review). Could the detection of temporal synchrony and au-
diovisual speech integration be considered as ‘priors’ of a different nature? This perspective could explain why, at the group level,
infant siblings show reduced susceptibility to the McGurk illusion for audiovisual speech syllables at 9 and 12 months (Guiraud et al.,
2012; Riva et al., 2022), whereas some studies show difficulties in temporal synchrony detection for the same event between 4 and 24
months (Suri et al., 2023), thus starting slightly earlier. Could it be that infant siblings show reduced learning of ‘priors’? Or do they
exhibit difficulties with reduced adaptation, defined as "the dynamic process by which neural sensitivity is continuously recalibrated to
’match’ the characteristics of the current environment" (Pellicano & Burr, 2012, p. 504)?

Interestingly, social priors are more affected than non-social priors in individuals with autism, consistent with the domain
asymmetry we predict in infant siblings after the first year. Alternative perceptual models may explain why reduced temporal syn-
chrony detection in this population differs in timing from audiovisual integration difficulties (Guiraud et al., 2012; Suri et al., 2023).
From the ecological approach by Gibson and Pick (2000), it could be argued that infant siblings may show an affected ‘differentiation
process’, whereby neurotypical infants learn from global perceptual cues (i.e., amodal or unspecific from any sensory modality) to
increasingly more specific perceptual cues.

Sensory explanations should also be considered. One unexplored possibility is that sensory processing may influence selective
attention in infant siblings, particularly with regard to social stimuli (see Thye et al., 2018 for evidence in autistic individuals).
Increased sensory responsiveness could make certain stimuli (particularly social stimuli such as audiovisual speech) more salient and
attentionally demanding. Those EL-infants who show hyper-responsiveness/hypo-responsiveness to specific stimuli may find it
difficult to shift their attention away from these stimuli (e.g., eyes versus the mouth) and redirect their attention to alternative
(non-social) stimuli. Differential sensory responses may also affect audiovisual integration/temporal synchrony detection (as in Riva
et al., 2022). Thus, EL-infants may perceive a stimulus without efficiently attending to it, making it difficult to determine whether a
given gaze response is driven by sensory or attentional difficulties. Future studies should explore the potential pathways linking
EL-infants’ sensory responsiveness, selective attention, and audiovisual speech processing, and the downstream effects on
socio-communicative skills, including language skills (see Feldman et al., 2024, for partial supporting evidence). For example, we
could investigate whether sensory subgroups associated with greater later socio-communicative difficulties and restricted/repetitive
behaviors in early childhood, such as high sensitivity (see Riboldi et al., 2024), are associated with earlier difficulties in detecting
temporal synchrony in audiovisual speech, audiovisual integration, and selective attention to the mouth in infancy.

Furthermore, as touch is often synchronized with audiovisual speech during dyadic interactions, future studies could investigate
whether adding touch to audiovisual speech enhances its processing and temporal synchrony detection, and whether this differs in
infants’ siblings compared to neurotypical peers. For example, we could study whether exposing infants to audio-haptic speech—-
where they touch the caregiver’s lips while listening to speech (see, e.g., Treille et al., 2014 for evidence in adults)—enhances their
audiovisual integration in the McGurk effect paradigm. Naturalistic observations might be a valuable methodological approach to
exploring the importance of touch in audiovisual speech procesisng during interactions. In addition, we could investigate whether
infants’ articulatory configurations (i.e., oral-motor movements) affect their audiovisual speech integration, as has already been shown
to affect their auditory speech discrimination (Bruderer et al., 2015).

Finally, the field should consider sensory explanations at the neural level for a more integrative approach. EL-infants may show
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difficulties coordinating cortical connectivity in response to audiovisual speech, affecting the mapping of sensory input and higher-
level skills (see Jochaut et al., 2015 for evidence in adults with autism). Future research should also investigate the potential dif-
ferential associations between cortical connectivity, tracking accuracy of audiovisual speech (i.e., neural tracking of the speech en-
velope), and gaze to the mouth in infant siblings. Alternatively, but compatibly, an imbalance of excitation and inhibition in the
audiovisual cortex (via a reduction of GABAergic inhibition) could affect the temporal binding window of audiovisual perception in
infant siblings, as shown in animal models (Schormans & Allman, 2023), but its potential generalization to audiovisual speech events
and human infants remains unexplored.

7. Conclusions

Despite strong theoretical reasons for the investigation of sensitivity to temporal synchrony in audiovisual speech in EL-infants,
direct and indirect evidence remains limited. The research reviewed suggests evidence for reduced sensitivity to temporal syn-
chrony in audiovisual speech in infant siblings, but this is not found systematically. The functional link between this perceptual ability
and language outcomes does not appear to be affected, suggesting that it may not be a candidate mechanism to explain group-level
language difficulties. However, a potential lack of relation between the trajectory of selective attention to the articulating mouth
and later language outcomes may be a plausible candidate for language difficulties, but further investigation is needed to determine
whether this is specific to infant siblings with a diagnosis of autism. Longitudinal eye-tracking studies following the developmental
trajectories of both mechanisms across domains in EL-infants during the first year, and both language and autism-related outcomes in
toddlerhood, are important future steps needed.
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