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A B S T R A C T   

Autism Spectrum Disorder is a highly heritable condition characterized by sociocommunicative 
difficulties, frequently entailing language atypicalities that extend to infants with a familial his-
tory of autism. The developmental mechanisms underlying these difficulties remain unknown. 
Detecting temporal synchrony between the lip movements and the auditory speech of a talking 
face and selectively attending to the mouth support typical early language acquisition. This 
preliminary eye-tracking study investigated whether these two fundamental mechanisms atypi-
cally function in infant siblings. We longitudinally tracked the trajectories of infants at elevated 
and low-likelihood for autism in these two abilities at 4, 8, and 12 months (n = 29). We presented 
two talking faces (synchronous and asynchronous) while recording infants’ gaze to the talker’s 
eyes and mouth. We found that infants detected temporal asynchronies in talking faces at 12 
months regardless of group. However, compared to their typically developing peers, infants with 
an elevated likelihood of autism showed reduced attention to the mouth at the end of the first 
year and no variations in their interest to this area across time. Our findings provide preliminary 
evidence on a potentially atypical trajectory of reduced mouth-looking in audiovisual speech 
during the first year in infant siblings, with potential cascading consequences for language 
development, thus contributing to domain-general accounts of emerging autism.   

1. Introduction 

Autism Spectrum Disorder (ASD) is an early-onset neurodevelopmental condition. Although it is primarily defined based on 
sociocommunicative deficits, and restricted and repetitive behaviours (American Psychiatric Association, 2013), it often entails lan-
guage impairments. Not all individuals with ASD show language difficulties (e.g., Howlin, 2003) and, when present, are highly diverse 
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(Charman et al., 2003), but language atypicalities often occur across the lifespan (e.g., Miniscalco et al., 2012). For instance, language 
delay is one of the first concerns of parents of toddlers with ASD (Herlihy et al., 2015), who indeed show reduced speech vocalizations 
at 18–24 months (Plumb & Wetherby, 2013). Despite its frequency, the developmental mechanisms underlying language atypicalities 
in ASD remain unknown. 

1.1. Toward Targeting Early Candidate Mechanisms 

A specific hypothesis has been proposed to account for the early development of atypicalities in language and other socio-
communicative skills observed in individuals with ASD. The Intersensory Impairment Hypothesis (IIH; Bahrick, 2010; Bahrick & Todd, 
2012) posits that reduced sensitivity to detect temporal asynchronies in intersensory redundancy would cascade into deficits in au-
diovisual integration and, ultimately, in the social-communication impairments core of ASD. ‘Redundancy’ here refers to the simul-
taneous availability and temporal synchronization of the same information across two or more sensory modalities (Bahrick & Lickliter, 
2014) and, more specifically, to the visual and auditory modalities. Crucially, atypical temporal synchrony detection would also 
account for subclinical atypicalities linked to autism, such as those in language acquisition. From this approach, a further candidate 
early mechanism that may account for sociocommunicative and language atypicalities in ASD would be selective attention (Bahrick, 
2010). Selective attention is the ability to focus on specific elements or events while ignoring others (Bahrick & Lickliter, 2014). In the 
context of audiovisual speech, it refers to preferential attention toward different facial features (i.e., the eyes and mouth). An early 
disruption in detecting temporal synchrony would affect how redundancy guides and directs infants’ selective attention to relevant 
events, thus losing both the perceptual benefits of perceiving in a unified way and the sociocommunicative developmental gains 
(Bahrick, 2010). 

Increasing evidence supports that atypical detection of temporal asynchronies in audiovisual events in individuals with ASD 
precedes and accounts for impairments in the audiovisual integration of these same events (Feldman et al., 2018; Stevenson et al., 
2018). Atypical temporal asynchrony detection is not limited to social events (see, e.g., Beker et al., 2018) — or audiovisual modalities 
(see Murat Baldwin et al., 2022 for a review) — but has mainly been observed when processing audiovisual speech (Stevenson et al., 
2014). Individuals with ASD show atypicalities in detecting temporal asynchronies in talking faces uttering speech, from childhood 
and across the lifespan (Bebko et al., 2006; Beker et al., 2018). Furthermore, these difficulties concurrently relate to lower vocabulary 
skills in children with ASD (Righi et al., 2018; Todd & Bahrick, 2022). Selective attention to the speaker’s articulating mouth is also 
affected in ASD. Toddlers with ASD look less than typically developing controls at the face and mouth regions only when a talker is 
speaking (Shic et al., 2020). Reduced mouth-looking predicts weaker audiovisual speech integration in children with ASD (Feng et al., 
2021), and increasing their attention to this area by cueing it improves audiovisual speech integration (Feng et al., 2022). Although 
reduced selective attention to the mouth may underlie atypical temporal synchrony detection in ASD, supporting evidence remains 
preliminary (Grossman et al., 2015). As anticipated by the IIH, these two perceptual and attentional mechanisms seem to atypically 
function in ASD, which may reduce the learnability of audiovisual speech and impact language development (e.g., Righi et al., 2018). 
However, the very early emergence in life of atypicalities in these two mechanisms in ASD remains underexplored, as they are likely to 
start during the first year of life while the condition is not reliably diagnosed until age 3. 

1.2. Prospective infant siblings’ design approach 

ASD is a highly heritable condition (Tick et al., 2016). Given this high heritability, the language atypicalities linked to the condition 
usually extend to first-degree relatives of diagnosed individuals. Infants at elevated likelihood for autism (EL-infants, henceforth) 
present an increased likelihood for developing the condition themselves, with a recurrence risk of ~20 %, compared to ~1.5 % in the 
general typically developing population (Ozonoff et al., 2011). This familial likelihood contributes to developmental atypicalities in 
EL-infants even in those with no ASD outcome. For example, McDonald et al. (2020) found that, among unaffected EL-infants, infants 
from multiplex risk families (who have more than one sibling diagnosed with ASD) show several lower cognitive abilities than infants 
from single-incidence families (who have one single diagnosed sibling with ASD). This finding suggests that multiplex family seem to 
show the strongest atypicalities in infant siblings. 

Crucially, regardless of ASD likelihood status, EL-infants commonly show early atypicalities in language development (Belteki 
et al., 2022; Hudry et al., 2014), including lower consonant production, fewer speech-like vocalizations (Paul et al., 2011), and delayed 
babbling, production, and comprehension onset (Iverson & Wozniak, 2007). Earlier susceptibilities may also be present in this pop-
ulation in the mechanisms typically underlying language development. 

Prospective longitudinal studies with EL-infants offer a unique opportunity to explore the underlying developmental mechanisms 
atypically operating early in life before observable language atypicalities emerge. More specifically, EL-infants allow longitudinally 
tracking the trajectories of sensitivity to temporal synchrony and selective attention — hypothesized as atypical by the IIH — from the 
very early months of development, when we know these mechanisms emerge in typical development. Although evidence is mixed (see 
Cox et al., 2022 for a meta-analysis), overall, it suggests that the timing of the typical trajectories of changes of both mechanisms 
overlap in development across the first postnatal year. Increased mouth-looking in speaking faces is observable at the same time-point 
in development as infants start to detect asynchronies in audiovisual speech (i.e., 8 months; Hillairet de Boisferon et al., 2017; Pons & 
Lewkowicz, 2014, Experiment 1). Both mechanisms are driven by infants’ level of expertise in a language during the first year, as they 
enter perceptual narrowing with audiovisual speech and become more attuned to their phonological native categories (Lewkowicz & 
Hansen-Tift, 2012; Pons & Lewkowicz, 2014; Werker & Tees, 1984). 

From domain-general approaches to ASD, the first year of life is a crucial period for the emergence of early atypicalities in EL- 
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infants, including perceptual, attentional, or motor (Campos et al., 2019; Elsabbagh & Johnson, 2016). We argue that the linguistic 
difficulties observed in individuals with ASD at different stages of life and in EL-infants may be expressed earlier as atypicalities in the 
mechanisms underlying language acquisition. Given the functional role of sensitivity to temporal synchrony (Edgar et al., 2022) and 
selective attention (Bastianello et al., 2022) in efficiently processing audiovisual speech during the first year of life in typically 
developing infants, and their predictive role in later language outcomes (Edgar et al., 2023; Lozano et al., 2022; Viktorsson et al., 2023; 
Young et al., 2009), here we propose to investigate them as two candidate atypical mechanisms in EL-infants as a whole group. The 
underlying reasoning is that the familial likelihood is shared by EL-infants and therefore these two developmental mechanisms may be 
affected even in those not diagnosed with ASD (see, e.g., Szatmari et al., 2016 for a similar approach). 

If EL-infants show a reduced detection of temporal synchrony compared to typically developing infants with a low likelihood of 
developing this condition (LL-infants, henceforth), this may constrain their efficient processing of their language experiences. As 
audiovisual fluent speech is a highly complex, unpredictable, and dynamic signal, a diminished sensitivity to temporal synchrony could 
prevent EL-infants from reducing the perceptual uncertainty of this event, ultimately impacting their ability to perceive visual and 
auditory speech as a unitary event (as found by Guiraud et al., 2012). If EL-infants show atypical selective attention to audiovisual 
speech in the first postnatal year, this may lead them to reduced access to the relevant visual cues on which language acquisition 
typically relies. 

To our knowledge, only one published study has tested whether EL-infants show atypical sensitivity to temporal synchrony in 
audiovisual speech (Suri et al., 2023). This work found that EL-infants aged 4 to 24 months old showed less sensitivity to detect 
audiovisual asynchronies in a talking face uttering syllables than LL-infants, but no group differences in non-social events (a bouncing 
ball). Furthermore, higher sensitivity to temporal asynchronies during the first two years of life predicted larger vocabulary production 
in toddlerhood only in LL-infants. These results support that atypical sensitivity to temporal synchrony in audiovisual speech is a 
plausible candidate mechanism shared by EL-infants as a whole group. However, the cross-sectional design used and the wide het-
erogeneity of the ages tested made it difficult to establish the onset of the emergence of atypical sensitivity to temporal synchrony in 
EL-infants. Moreover, the type of stimuli used —syllables— prevents generalizing these findings to audiovisual fluent speech, a more 
ecological event closer to infants’ natural social experiences. Selective attention in audiovisual speech also seems to not functionally 
work in EL-infants. Although EL-infants aged 6–18 months do not differ from LL-infants in their pattern of selective attention to the 
articulating mouth (Santapuram et al., 2022), increased attention to the mouth at the end of the first year only supports later language 
outcomes in LL-infants (Chawarska et al., 2022). However, these studies cross-sectionally but not longitudinally tracked this mech-
anism, which may have hindered targeting the onset of atypicalities in the earliest key periods of the first year. 

1.3. The current preliminary study 

The aims of the current preliminary study were twofold. First, we investigated whether EL-infants differed from LL-infants in their 
sensitivity to detect temporal synchrony in audiovisual speaking faces during the first year. We longitudinally tracked these abilities at 
4, 8, and 12 months to align with the timing of typical perceptual narrowing for audiovisual speech (Lewkowicz & Hansen-Tift, 2012) 
and the emergence of domain-general atypicalities in EL-infants (Campos et al., 2019; Elsabbagh & Johnson, 2016). Based on the IIH 
(Bahrick & Todd, 2012), we hypothesize that while LL-infants would discriminate temporal synchrony in audiovisual speech during 
the first year, EL-infants would show a reduced sensitivity to this cue across this period. Previous limited research on audiovisual fluent 
speech suggests that infants start to discriminate temporal asynchronies at 8 months (Pons & Lewkowicz, 2014, Experiment 1), later 
than for audiovisual syllables (at 4 months; Lewkowicz, 2010, Experiment 1). This may seem surprisingly late, as one may argue that 
audiovisual fluent speech offers richer cues than syllables, like head prosody and multiple visual articulators. However, silences in 
audiovisual syllables are more systematic and predictable than in audiovisual fluent speech, potentially helping infants to detect 
temporal asynchrony. Therefore, we predict significant group differences between EL-infants and LL-infants in their ability to detect 
temporal asynchrony in audiovisual fluent speech at 8 and 12 months, but not at 4 months. We expect that LL-infants would detect 
temporal synchronies at 8 and 12 months, but not at 4 months. Due to the lack of prior studies on EL-infants regarding this ability in 
audiovisual fluent speech, it is challenging to make specific predictions regarding the onset of discrimination of temporal asynchrony in 
this group — and, therefore, the beginning of group differences. Based on domain-general accounts for ASD (Campos et al., 2019; 
Elsabbagh & Johnson, 2016), we anticipate that EL-infants would show less sensitivity to this perceptual cue than typically developing 
infants during the first year. 

Second, the current study tested whether EL-infants differ from LL-infants in their pattern of selective attention to the mouth versus 
the eyes of a talking face in the first year. Testing this research question entailed investigating two subquestions longitudinally. First, 
we tested the trajectory of changes in selective attention to the mouth relative to the eyes of a talking face within each group across the 
first year (i.e., whether LL-infants and EL-infants change their pattern of selective attention to audiovisual speech across the first year). 
Second, we tested potential group differences across time-points (i.e., whether the trajectory of selective attention to the eyes and 
mouth in audiovisual speech followed by LL-infants changes during the first year of life differently than in EL-infants). For testing each 
prediction, we will use an absolute (proportion of total looking time to the mouth; PTLT Mouth) and a relative measure of preference 
(PTLT Eyes-Mouth; eyes preference minus mouth-preference, where positive scores mean greater eyes-looking while negative scores 
mean greater mouth-looking). Importantly, these metrics assume that an increase in infants’ eyes-looking does not necessarily penalize 
an increase in mouth-looking and vice versa (see more on this in Section 2.4.). 

Beginning with our predictions of within-group changes over time-points, building upon cross-sectional and longitudinal research 
in typically developing infants (e.g., Lewkowicz & Hansen-Tift, 2012; Lozano et al., 2022; Pons et al., 2015; Tsang et al., 2018), we 
hypothesize that, when measuring absolute preference to the mouth (PTLT Mouth), LL-infants will show an increase in attention to this 
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facial area across the first year, reflected by significantly greater attention to the mouth between 4 and 8 months (as in Lewkowicz & 
Hansen-Tift, 2012) and between 8 and 12 months (reflecting a continuous increase in mouth-preference at the second half of the first 
year, as in previous longitudinal studies; e.g., Tsang et al., 2018; Lozano et al., 2022). When measuring relative preference to the mouth 
(PTLT Eyes-Mouth), LL-infants will show a u-shaped pattern of changes across the first year — more looking at the eyes at 4 months 
(reflected by positive scores at this time-point), followed by a shift to the mouth at 8 months (reflected by significant differences in this 
measure between 4 and 8 months, that will go from positive to negative scores), and an equivalent preference to the eyes and mouth at 
12 months (reflected by significant differences on PTLT Eyes-Mouth between 8 and 12 months, and scores close to 0, which will 
indicate both the onset of the attentional shift back to the eyes and the trajectory of increased absolute mouth-looking predicted above 
between 8 and 12 months) — . In contrast, we expect EL-infants to maintain constant mouth-preference during the first year, thus not 
varying their attention to the mouth over time, indicated by no significant differences in absolute or relative mouth preference between 
time-points (4 and 8 months, nor 8 and 12 months). 

Finally, regarding our prediction on potential group-differences across time-points, based on domain-general accounts for the 
emergence of ASD (Campos et al., 2019; Gliga et al., 2014), we hypothesize that EL-infants will show reduced preference for the mouth 
of a talking face compared to LL-infants at 12 months, but not earlier (i.e., at 4 and 8 months). This will be indicated by EL-infants 
showing less preference for the mouth than LL-infants at 12 months, but not at 4 nor at 8 months (i.e., in absolute 
mouth-preference, this will be indicated by EL-infants showing significantly lower scores in PTLT Mouth than LL-infants; in relative 
mouth-preference, by EL-infants showing significantly greater scores in PTLT Eyes-Mouth than LL-infants). This means that we expect 
that the between-group differences in mouth-preference at 12 months will be driven by the LL-infants having increased their pref-
erence to the mouth towards the end of the first year, while the EL-infants would have not. 

2. Methods 

2.1. Participants 

The data included in this paper are part of a prospective longitudinal study (TRABERITEA Project), in which infant siblings of 
children with autism were assessed in a larger protocol and followed up into early toddlerhood. This project investigated the devel-
opmental trajectories on several relevant human abilities (face, music, auditory speech, and audiovisual speech processing) and 

Table 1 
Descriptive statistics (mean, standard deviation, and range) of final sample participant characteristics and group comparisons on age, sex and general 
development.  

Elevated likelihood for ASD 
(N¼14; 8 males) 

Low likelihood for ASD 
(N¼15; 9 males) Group comparisonsa  

4 m 
(n = 11) 

8 m 
(n = 13) 

12 m 
(n = 10) 

4 m 
(n = 14) 

8 mb 

(n = 13) 
12 m 

(n = 13) 

c t-test/d Mann-Whitney 
(p value)  

M (SD) Range M (SD) Range M (SD) Range 
M (SD) 
Range 

M (SD) 
Range 

M (SD) 
Range  

Age (days) 
133.63 
(13.05) 
107-159 

250.15 
(11.83) 
223-270 

368.10 
(9.13) 

348-378 

134.64 
(11.67) 
109-155 

249.57 
(7.41) 

235-260 

375.30 
(9.05) 

356-388 

c p = .84; p = .87; p = .07 

MSEL_VR 
42.18 
(4.87) 
34-47 

51.00 
(7.63) 
37-64 

53.30 
(9.46) 
41-74 

49.14 
(6.38) 
34-58 

52.23 
(10.00) 
37-80 

58.76 
(6.66) 
47-74 

d p = .005**; p = .97; p = .06 

MSEL_FM 
46.09 
(6.13) 
35-54 

53.00 
(12.78) 
32-68 

65.00 
(8.48) 
55-77 

44.85 
(4.58) 
35-54 

55.76 
(7.36) 
38-68 

62.30 
(7.53) 
49-74 

d p = .56; p = .83; p = .50 

MSEL_GM 
47.27 
(8.87) 
37-65 

43.69 
(12.09) 
23-65 

46.70 
(14.06) 
31-73 

47.78 
(8.84) 
30-61 

44.92 
(7.75) 
30-56 

37.38 
(9.56) 
20-53 

c p = .88; p = .76; p = .07 

MSEL_RL 
46.90 

(10.80) 
28-66 

40.53 
(9.28) 
23-61 

48.00 
(8.81) 
35-64 

46.57 
(12.47) 
20-66 

49.00 
(5.14) 
38-56 

46.92 
(6.88) 
35-60 

d p = 1.0; p = .004**; p = .87 

MSEL_EL 
48.18 
(5.05) 
42-55 

46.38 
(6.04) 
33-55 

49.30 
(10.79) 
37-66 

51.50 
(6.58) 
34-55 

46.76 
(7.35) 
33-60 

50.61 
(7.50) 
40-62 

d p = .07; p = .81; p = .63 

MSEL_ELC 
91.81 
(8.19) 
77-104 

95.53 
(11.58) 
70-111 

107.70 
(12.96) 
89-127 

96.07 
(8.44) 
82-108 

102.38 
(7.01) 
93-117 

109.38 
(8.71) 
97-122 

d p = .21; p = .08; p = .71 

Notes: m= months; MSEL: Mullen Scales of Early Learning. VR: Visual Receptive; FM: Fine Motor; GM: Gross Motor; RL: Receptive Language; EL: 
Expressive Language; ELC: Early Learning Composite scores. 
*p ≤ .05, **p ≤ .01 

a Independent samples t-test were conducted in variables that met assumptions of normality and homogeneity of variance, while Mann-Whitney 
was used when one of them or any of them were met. 

b Notice sample size in this measure slightly differs from total sample size due to missing values and that one participant in the LL-infants did not 
complete MSEL. 

I. Lozano et al.                                                                                                                                                                                                         



Infant Behavior and Development 76 (2024) 101973

5

parent-child interactions. 
Infants in the EL-group had at least one older sibling with ASD by the time they joined our study, whose diagnosis was verified by 

either inspection of prior medical records or via assessment with Autism Diagnostic Observation Schedule-2 by clinician experts of our 
team (ADOS-2; Lord et al., 2015). They were recruited through our website and associations of individuals with ASD and their families 
at the Community of Madrid and surrounding cities under a collaboration agreement (ALANDA, AMITEA Program of Gregorio 
Marañón University Hospital, and other entities belonging to The Autism Spain Confederation-AE). Infants from the LL-group had at 
least one older sibling without a diagnosis of ASD or other developmental conditions. They were recruited via incidental sampling by 
our research team members, word of mouth, advertisements, and our project’s website. 

Thirty-one infants were initially recruited to participate in the current study at three time-points: 4, 8, and 12 months. Out of those, 
one participant of the LL-group was excluded for having an older sibling under clinical assessment due to a possible behavioural 
disorder. Further, one participant in the EL-group was excluded due to a change in the diagnosis of his older sibling. Two participants 
from the EL-group were twins (one female and one male). 

The final sample after exclusions consisted of 29 infants (14 EL-infants; 15 LL-infants; 58.6 % males; see Table 1 for final samples) 
that contributed with useable eye-tracking data. Our final sample size is consistent with previous research with infant siblings 
investigating early mechanisms of language acquisition, ranging from 8 to 264 EL-infants and 9 to 104 LL-infants (see Morrel et al., 
2023 for a systematic review). Particularly, it is in line with sample sizes in similar longitudinal eye-tracking studies that densely follow 
the first year of life, which ranged from 11 to 47 EL-infants and 16 to 25 LL-infants (e.g., Droucker et al., 2013; Jones & Klin, 2013; 
Thorup et al., 2016). Not all infants contributed to the three time-points; hence, there were missing values. Among the tested infants, 4 
joined the study at 8 months (n = 3 EL-infants and n = 1 LL-infants), thus not contributing to measures at 4 months. Further, 2 infants 
missed visits in-between (n = 1 EL-infant and n = 1 LL-infants). In addition, one LL-infant only contributed to 4 months, and 4 
EL-infants did not contribute to data at 12 months because they were not this age yet when we had to finish this study. A further reason 
for missing values was not contributing enough valid eye-tracking data (see data loss for each measure in Supplementary Analysis 1 
and Table A.1). 

According to parent report, all infants had White ethnicity, were born at term (>36 weeks gestation age), and had no hearing or 
visual impairments or any neurodevelopmental or genetic disorder. They were Spanish monolingual (i.e., mostly exposed to Spanish 
from birth), according to (1) parent report of overall infants’ language experience (monolingual or bilingual) and (2) parents’ sys-
tematic interview to quantify language exposure with an in-house adapted version of the Language Exposure Assessment Tool (LEAT; 
De Anda et al., 2016). This study was approved by the Ethics Committee of the Universidad Autónoma de Madrid as part of the 
TRABERITEA project and conducted in accordance with APA ethical standards in the treatment of human study sample. All families 
gave informed consent to take part at each time-point. All infants received a diploma and a toy at the end of each visit for their 
participation. Data collection was pre-pandemic (2016–2019). Data are not publicly accessible, but code and materials will be made 
available upon reasonable request to the authors. 

We tested whether groups differed in global developmental level (see Table 1) with an in-house Spanish translation of the Mullen 
Scales of Early Learning (MSEL; Mullen, 1995) administered by trained TRABERITEA team members. Groups did not differ signifi-
cantly in general cognitive development measured by the Early Learning Composite (ELC) scores at any time-point (all ps >.08). 
However, Mann-Whitney U tests indicated higher scores in LL-infants than EL-infants in the Visual Receptive subscale at 4 months, U 
= 27.00, p = .005, and in the Receptive Language subscale at 8 months, U = 30.00, p = .004. There were no significant group dif-
ferences in sex (LL-infants: 9 males vs. 6 females; EL-infants: 8 males vs. 6 females; χ2 = 0.24; p = .87), or age (all ps > .07). 

2.2. Eye-tracking procedure 

At all time-points, the infants participated in a bigger protocol involving other eye-tracking tasks, infant-parent interactions, 
parent-reported questionnaires, and standardized developmental scales. We counterbalanced the order of task presentation across 
participants. Gaze data were collected using a Tobii TX300 eye tracker with a 23″monitor (1920 × 1080 pixels), a sampling rate of 300 

Fig. 1. Screenshot of exemplar trial of the experimental task.  
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Hz, and 0.5◦monocular accuracy. The testing session started with a five-point infant-friendly calibration routine. The experiment 
began after infants were successfully calibrated in at least 4 points per eye (and, at minimum, one at the top, one at the bottom, and one 
central). During the task, infants sat on their parents’ lap, about 65 cm from the screen. Tobii Studio 3.4.5 software was used for stimuli 
presentation and eye-gaze recording. Infants’ behaviour during the task was monitored and recorded using a hidden camera. 

An audiovisual preferential looking paradigm was used. In each trial, two speaking faces of the same female were simultaneously 
presented at both sides of the screen as two displays (see Fig. 1 and an example clip in the Supplementary Materials): ‘Synchronous’— 
where auditory speech and the visual articulatory lip movements were temporarily aligned — and ‘Asynchronous’ — where auditory 
and visual speech were temporally misaligned. In the Asynchronous display, the auditory stream was planned to precede the visual one 
by 666 ms. to ensure that our 4-month-old infants already perceived this level of misalignment (as it occurs, e.g., in syllables; Lew-
kowicz, 2010). However, due to a technical error, the level of asynchrony across trials was 500 and 666 ms. (see full trials’ specifi-
cations in Table A.3), with 59.6 % trials of 500 ms and 40.4 % trials of 666 ms. Crucially, this did not impact our main results (see 
Supplementary Analysis 2). We counterbalanced the presentation side of the synchronous display across trials and participants by 
limiting consecutive same-sided to two, maintaining an equal trial number of synchronous and asynchronous videos on each side. The 
trial presentation order was fixed to keep the story’s meaning coherent. 

Two dynamic 5-sec audiovisual attentional getters were shown in the centre of the screen, one at the beginning of the task to ensure 
infants’ initial attention and one at the end to control for fatigue effects. Further, 1-sec animations were presented between trials to 
redirect infants’ attention before each trial’s onset. Each trial started and ended with a completed word uttered to avoid giving 
additional cues to infants. The entire eye-tracking procedure lasted ~2 min. Videos were edited in Premiere Pro CS6, exported at a rate 
of 23 frames per second, and converted into .AVI files. 

2.3. Stimuli 

Stimuli consisted of ten 10-sec-videos of a female native Spanish actress uttering a story about a crew of animals (see full tran-
scription in Table A.14). To maximize the closeness of stimuli to infants’ experiences, we instructed the actress to use auditory and 
visual infant-directed speech (i.e., higher pitch and prosodic exaggeration, direct gaze, exaggerated eyes and lip movements; Kitamura 
et al., 2014). We recorded the videos without a script so the actress performed naturally. 

2.4. Data pre-processing 

Eye-tracking data was pre-processed using Tobii Studio software 3.4.5. For each trial and talking face (synchronous and asyn-
chronous), we created four dynamic Areas of Interest (AOIs; see Figures A.1 and A.2): redundancy region (rectangular shape of 
maximum dimension 847 × 736 pixels), eyes region (rectangular shape, 335 × 185 pixels), mouth region (oval shape, 335 × 185 
pixels), and face region (oval shape, 447 × 595 pixels). The medium region between the two talking faces (421 × 736 pixels) was 
excluded from the analyses. 

After extracting AOIs, the Total Visit Duration (without zeros) was computed for each. We decided to use this measure for being less 
sensitive than others (e.g., Total Fixation Durations) to individual differences in data quality. Next, we calculated three dependent 
measures of preference for each trial, participant, and time-point. First, the Percentage of Total Looking Time (%) to the Synchronous 
and Asynchronous displays, calculated as % of total looking time to each display relative to % of total looking time to both displays 
collapsed. Second, the Proportion of Total Looking Time for the mouth (PTLT Mouth), calculated as the total looking time to the mouth 
relative to the whole face (as in Hillairet de Boisferon et al., 2017). Third, a differential measure of preference to the eyes relative to the 
mouth (PTLT Eyes-Mouth), calculated as the total looking time to the eyes relative to the whole face (PTLT Eyes) minus the total 
looking time to the mouth relative to the whole face (PTLT Mouth), as in Morin-Lessard et al. (2019). Note that the whole face included 
looking at the eyes and mouth. We included these latter two measures of preference for being complementary but different. While PTLT 
Mouth reflects absolute selective attention to this region, PTLT Eyes-Mouth captures the attentional competition between these areas 
when infants explore talking faces. Of note, by using separate metrics of preference (PTLT Mouth and PTLT Eyes) we do not assume 
that reduced mouth-looking necessarily implies increased eyes-looking, as some studies taking this approach have shown that pref-
erences for these regions can change independently in development (i.e., Lozano et al., 2022). Furthermore, unlike other differential 
measures of preference (e.g., the EMI-eyes-mouth index; the mean amount of preference to the eyes, relative to both the eyes and 
mouth) PTLT Eyes-Mouth captures that infants may preferentially attend to other facial regions (e.g., the chin or nose; Constantino 
et al., 2017; Viktorsson et al., 2023) rather than the eyes and mouth when exploring talking faces. 

We excluded infants with valid gaze sample below 25 % (according to Tobii Studio) and not contributing with at least 2 valid trials 
out of 10 (as in Falck-Ytter et al., 2018). We also excluded trials in which (1) the participant was fussy, crying, or the caregiver talked, 
(2) total looking time at the screen was below 15 % of the trial length (as in Kleberg et al., 2019), or (3) there was bias side (i.e., infants 
looked only at one screen side during the trial). 

Watching infants’ looking behaviour offline during the task revealed several periods of eye-tracking data loss while infants were 
actually attentive to the screen, possibly due to suboptimal calibrations or infants’ head or body movements. Thus, we manually coded 
data on Percentage of Total Looking Time (%) measure to maximize the data available for analyses, since recruiting and testing EL- 
infants is highly difficult and costly (Jones et al., 2019) — see a full report in Supplementary Analysis 3. After coding, we applied 
the same exclusion criteria above to ensure good data quality, which did not significantly differ between groups (Table A.1). 
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2.5. Statistical analyses 

All analyses were run in IBM SPSS Statistics 27 (IBM Inc., 2020). We used linear mixed-effect models (LMMs) to analyse our whole 
longitudinal dataset despite having missing values (Field, 2018). All analyses included the following predictors (see Tables A.4-A.6): 
Time-point (4 months vs. 8 months vs. 12 months), Group (EL-infants vs. LL-infants) and Redundancy (Synchronous vs. Asynchro-
nous), and all possible two-way and three-way interactions. We kept all predictors fixed and simultaneously entered them. Time-point 
and Redundancy were entered as within-subject factors and Group as a between-subject factor. We specified random intercepts for 
subjects to control for individual variability and used REML (Restricted Maximum Likelihood) as the model estimator, since not all 
measures met the assumptions of normality (significant Shapiro-Wilk’s test and inspection of Q-Q plots). The outcome variables 
differed between analyses: Percentage of Total Looking Time (in %), PTLT Mouth, or PTLT Eyes-Mouth. Alpha level was .05 (two--
tailed) throughout. 

3. Results 

3.1. Sensitivity to temporal asynchrony 

We ran a 3 × 2× 2 LMM on the Percentage of Total Looking Time (%), with Time-point (4 months vs. 8 months vs. 12 months) and 
Redundancy (Synchronous vs. Asynchronous) as within-subject predictors and Group (EL-infants vs. LL-infants) as between-subject 
predictors (see full descriptive statistics in Table A.4 and full results in Table A.7). There was a significant Time-point x Redun-
dancy interaction, F(2, 138) = 4.5, p = .01, r = 0.19, indicating that, regardless of group, infants’ pattern of preference for the syn-
chronous and asynchronous displays differed across time-points (see Figs. 2a and 2b). Follow-up analyses (Bonferroni-corrected post 
hoc tests) showed that infants preferred looking at the synchronous display over the asynchronous one at 12 months, F(1, 138) 
= 13.78, p < .001, but equivalently looked at these two displays at 4 months, F(1, 138) = .07, p = .79, and 8 months, F(1, 138) = .33, 
p = .56 (see Figure A.3). Our results indicate that, regardless of group, we did not find evidence of infants discriminating temporal 
asynchronies before 12 months. No other main effects or interactions were found (all ps ≥ .14). 

Fig. 2. Mean Percentage of Total Looking Time (%) to the synchronous and asynchronous displays by group and time-point. (a) EL-infants; (b) LL- 
infants. Dashed lines represent preference at chance. Error bars indicate standard error of the mean. *p < .05. 

I. Lozano et al.                                                                                                                                                                                                         



Infant Behavior and Development 76 (2024) 101973

8

To further investigate the significant Time-point × Redundancy interaction and the null Redundancy × Group × Time-point 
interaction, we conducted a series of one-sample t-tests (directional) comparing the Percentage of Total Looking Time to the syn-
chronous event to chance (50 %) within each group and time-point, as in Righi et al. (2018). This statistical test avoids the possibility 
that synchronous and asynchronous preferences are reciprocal, despite not allowing to properly test the longitudinal changes we 
observed in the LMM. We found that EL-infants did not prefer the synchronous event vs. chance at 4 months, t(10) = − .02, p = .492, 
d = − .006, nor at 8 months, t(12) = − .694, p = .250, d = − .192, but they did at 12 months, t(9) = 2.20, p = .027, d = .699. LL-infants 
also did not prefer the synchronous event over chance at 4 months, t(13) = − .248, p = .404, d = − .066, but they did at 8 months, t 
(13) = 2.14, p = .026, d = .573, and 12 months, t(12) = 2.69, p = .011, d = .735. Thus, results suggest that both EL-infants and 
LL-infants detected temporal synchrony at 12 months, but only LL-infants did so at 8 months. To test the robustness of these findings 
despite our small and underpowered sample size (see Supplementary Analysis 4 for power analyses), we replicated the previous 
analyses but conducted Bayesian one-sample t-tests (directional). We found that, overall, all results held, except for those of LL-infants 
at 8 months, which were inconclusive. The full report is available in Supplementary Analyses 5. 

3.2. Selective attention to facial features 

We conducted a 3 × 2 × 2 LMM on the proportion of total looking time to the mouth, with Time-point (4 months vs. 8 months vs. 12 
months) and Redundancy (Synchronous vs. Asynchronous) as within-subject predictors and Group (EL-infants vs. LL-infants) as 
between-subject predictors (see descriptive statistics in Table A.5 and full results in Table A.8). We found a significant Group × Time- 
point interaction (Fig. 3), F(2, 97.09) = 4.00, p = .02, r = 0.25, indicating that groups differed in their looking time to the mouth 
depending on the time-point. Follow-up analyses (Bonferroni-corrected post-hoc tests) showed no indication that the groups differed in 
their preference for the mouth at 4 months, F(1, 63.9) = 0.80, p = .37, and 8 months, F(1, 48.24) = 1.7, p = .19. However, groups 
significantly differed at 12 months, F(1, 57.2) = 4.81, p = .03, when LL-infants looked to the mouth more than EL-infants. 

Our second hypothesis, nonetheless, focused not only on investigating potential group differences in the patterns of changes in 
preference for the mouth across time-points, but also potential within-group differences across time-points. To test this, we ran 
pairwise comparisons with Bonferroni correction between time-points separately for each group (see the full report in Tables A.10 and 
A.11). We found that LL-infants significantly changed their preference for the mouth between 4 and 8 months (p = <.001), and be-
tween 4 and 12 months (p = .003), while infants’ mouth-looking remained constant between 8 and 12 months (p = .81). In contrast, 
EL-infants did not significantly change their preference for the mouth between any time-point (all ps > .07). No other main effects or 
interactions were found (all ps ≥ .29). 

Fig. 3. Mean Proportion of Total Looking Time to the synchronous and asynchronous mouths by group and time-point. Bars indicate standard error 
of the mean. *p < .05, **p < .01. 
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We next replicated the latter analysis but on PTLT Eyes-Mouth to better capture the attentional competition between these regions. 
Results were consistent with those for PTLT Mouth (see full descriptive statistics in Table AAppendix A.6 and full results in Table A.9). 
The significant Group × Time-point interaction (Fig. 4), F(2, 101.27) = 5.83, p = < .01, r = 0.29, was again accounted by groups 
significantly differing in their relative preference for the eyes and mouth at 12 months (p < .01). Pairwise comparisons (with Bon-
ferroni correction) between time-points separately for each group showed, again, that the pattern of changes in preference across time- 
points was different within each group (see full report in Tables A.12 and A.13). LL-infants significantly increased their looking time for 
the mouth relative to the eyes between 4 and 8 months (p = .002) and between 4 and 12 months (p = .001), suggesting an attentional 
shift from the eyes (indicated by positive scores) to the mouth (indicated by negative scores) that became stabilized between 8 and 12 
months (p = 1.00). EL-infants did not significantly change their looking time to the mouth relative to the eyes across any time-point (all 
ps ≥ .09), thus suggesting a lack of changes in their relative preference to these areas across the first year. No other main effects or 
interactions were found (all ps ≥ .09). 

4. Discussion 

4.1. No evidence of reduced temporal asynchrony detection in audiovisual speech in EL-infants 

Contrary to our prediction that EL-infants would show a reduced sensitivity to temporal asynchrony in audiovisual fluent speech 
during the first year, we found no evidence for group differences in temporal synchrony detection. Infants significantly preferred the 
synchronous over the asynchronous talking face at 12 months regardless of group, but showed no preference for either at 4 and 8 
months, indicating that there was no evidence that infants detect temporal asynchronies before the end of the first year. Bayesian 
analyses — whose results will prevail for being more conservative — replicated the results from frequentist analyses at 4 and 12 
months, showing moderate support for the null hypothesis at 4 months regardless of group, and moderate evidence for the hypothesis 
that infants preferred looking at the synchronously talking face over chance at 12 months, regardless of group. At 8 months, we found 
inconclusive evidence for LL-infants and moderate support for no temporal synchrony detection in EL-infants. Overall, this suggests no 
evidence that sensitivity to temporal synchrony is a mechanism affected in EL-infants at the group level during the first postnatal year, 
at least under the conditions of our study. Therefore, we found no evidence in support of the prediction by the IIH (Bahrick, 2010; 
Bahrick & Todd, 2012) positing an atypicality in this perceptual ability in infants with a familial history of ASD. 

Our study provides, to our knowledge, the first longitudinal preliminary evidence of the development of sensitivity to temporal 

Fig. 4. Mean PTLT Eyes-Mouth by group and time-point. Bars indicate standard error of the mean. **p < .01.  

I. Lozano et al.                                                                                                                                                                                                         



Infant Behavior and Development 76 (2024) 101973

10

asynchrony in audiovisual fluent speech in EL-infants in the first year (for cross-sectional, see Santapuram et al., 2022; Suri et al., 
2023). This contrasts with the reduced ability to match audiovisual speech information found by Guiraud et al. (2012) in 9-month-old 
EL-infants as a whole group. If diminished temporal asynchrony detection leads to reduced audiovisual speech integration, as in 
children with ASD (Stevenson et al., 2018), our results are unexpected. One possible explanation is that group differences in matching 
auditory and visual information may be more evident when tested in audiovisual syllables (e.g., Guiraud et al., 2012) than in the 
audiovisual fluent speech we used. Silences between syllables, absent in continuous stream in fluent speech, might facilitate LL-infants 
to detect temporal asynchronies, thus making potential atypicalities in same-aged EL-infants — and, therefore, group differences — 
more noticeable at 8 months. In contrast, the complexity of fluent speech may protract LL-infants’ onset to detect temporal asyn-
chronies in this event to 12 months (vs. 8 months in syllables; Pons & Lewkowicz, 2014, Experiment 1), when EL-infants already 
succeed too, thus reducing the chances of finding group differences at this time-point. Alternatively, our small sample size (compared 
to n = 31 in Guiraud et al., 2012) may have reduced our chances of detecting group differences that could still occur. Thus, we should 
cautiously interpret our null results and do not rule out the possibility that the detection of asynchronies in audiovisual speech may be 
a mechanism affected at a group level in EL-infants. Our results should be considered as preliminary. Future better-powered studies 
should reexamine whether they replicate our null results or observe reduced sensitivity to temporal synchrony in EL-infants. 

Recent cross-sectional findings support this latter possibility. Using a habituation paradigm, unlike us, Suri et al., (2023) found that 
4 to 24-month-old EL-infants (n = 35) were less sensitive than LL-infants to detect audiovisual asynchronies in syllables. EL-infants 
showed a significantly larger temporal binding window than LL-infants only in the audiovisual speech events but equivalent in the 
nonspeech social events (a bouncing ball). Although their wide range of ages tested and collapsed in the analyses does not allow to 
establish the onset of reduced sensitivity to temporal synchrony, these results support the presence of diminished sensitivity to 
temporal synchrony in audiovisual speech syllables in EL-infants as a whole group. Future well-powered longitudinal studies using 
fluent audiovisual speech instead of syllables — closer to infants’ natural social experiences — are needed to establish the exact onset 
time of this reduced sensitivity in development. 

Our study also provides the first preliminary longitudinal report on the development of sensitivity to temporal asynchrony in 
audiovisual fluent speech in typically developing infants across the first year (see Edgar et al., 2022 for a longitudinal study during the 
second year), partially replicating cross-sectional findings showing that it emerges in the second half of the first year (Hillairet de 
Boisferon et al., 2017; Pons & Lewkowicz, 2014, Experiment 1), although slightly later than previously found. In contrast with our 
results (inconclusive at 8 months but moderately supporting temporal synchrony detection at 12 months), Pons and Lewkowicz (2014) 
found that infants detected asynchronies of 500 and 666 ms (but not 366 ms) at 8 instead of 12 months. However, they used habit-
uation instead of a preferential looking paradigm, potentially impacting task demands. In our study, infants had to compare two 
audiovisual talking faces, which might be more challenging than detecting a change in asynchrony in a single speaking face. Alter-
natively, infants could need a protracted period of experience with audiovisual fluent speech to learn to detect temporal synchrony in 
this event, thus pointing to this property as a not as ‘early’ amodal cue as thought to be. However, note that inconclusive results 
indicate a lack of evidence either way, so we cannot rule out that LL-infants are detecting temporal synchrony at 8 months. These 
results may reflect a transition period in learning to detect temporal asynchronies, high within-group variability, or an underpowered 
sample size, but we cannot draw firm conclusions. Our findings, however, align with the time-point when perceptual narrowing in 
audiovisual fluent speech emerges — 12 months (Lewkowicz & Hansen-Tift, 2012; Lewkowicz et al., 2015) —, suggesting that learning 
to detect temporal asynchrony in audiovisual speech could be especially useful for infants when they become attuned to the categories 
of their native language (see Lewkowicz, 2014). Detecting temporal synchrony may boost learning the perception of audiovisual unity 
regardless of the specific nature of speech (native and non-native) immediately before infants can rely more on language-specific 
phonemic speech cues. 

4.2. Preliminary evidence of reduced selective attention to the articulating mouth in EL-infants at the end of the first year 

Overall, our findings provide preliminary evidence supporting our prediction based on domain-general accounts of emerging ASD 
(Campos et al., 2019; Gliga et al., 2014) that posited group differences in preference for the mouth only at the end of the first year. At 
12 months, EL-infants showed reduced preference for the articulating mouth compared to LL-infants. This result was consistent across 
both absolute and relative preference measures. However, due to the small sample size, these results and our interpretation below 
should be considered preliminary until further replication in larger samples. 

The reduced mouth-looking of EL-infants at the end of the first year might potentially indicate that, unlike LL-infants, they may not 
find visual speech cues that beneficial for language acquisition. Audiovisual speech is a highly complex, dynamic, and difficult-to- 
predict event (Elsabbagh & Johnson, 2016). Audiovisual redundancy in speech may not support face scanning in EL-infants but 
make the processing of audiovisual speech more difficult than facilitating it (as suggested by Shic et al., 2014). Unlike LL-infants, they 
might find the redundancy in the mouth overly complex, potentially directing their attention toward a simpler, non-redundant area — 
the eyes — as an adaptation. This potential deviation of the attentional trajectory may lead EL-infants to progressively reduce the 
attunement to the mouth necessary to benefit from audiovisual speech cues for language acquisition. This interpretation aligns with 
findings showing no group differences in mouth-looking at 12 months between EL and LL-infants but associations between this ability 
and language outcomes in toddlerhood only in LL-infants (Chawarska et al., 2022). Perhaps at the extreme of this continuum, toddlers 
with ASD show reduced mouth-looking relative to control peers and no association with expressive language (Habayeb et al., 2021). 

Alternatively, the reduced mouth-looking of EL-infants at 12 months might potentially reflect their differential experiences with 
audiovisual speech redundancy earlier in life. The first postnatal year is critical for revealing them, especially when more complex 
multisensory integration and high temporal resolution processing become important for age-appropriate typical behaviours 
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(Elsabbagh & Johnson, 2016). In line with Neuroconstructivism (Campos et al., 2019; Gliga et al., 2014; Karmiloff-Smith, 1998), we 
suggest that EL-infants’ early accessibility to audiovisual redundancy may have been constrained early in their natural context of 
interactions by internal factors (i.e., atypicalities in infants’ neurocognitive system across different domains: motor, attentional, 
perceptual) and/or internal-external factors (e.g., experiencing different social communicative inputs in caregiver-child dyadic in-
teractions, like having less conversational turns; e.g., Swanson et al., 2019). As a result, as observed in other infants underexposed to 
this event (e.g., hearing infants with deaf caregivers; Mercure et al., 2019), we speculate that a reduced early audiovisual redundancy 
may have potentially led EL-infants to a trajectory of diminished attention to the mouth. 

Note that reduced mouth-preference in EL-infants did not necessarily entail increased eyes-preference. Although one may interpret 
their positive scores in PTLT Eyes-Mouth at 12 months as a preference for the eyes, the lack of evidence regarding changes in their 
relative preference for the mouth across time-points does not allow us to conclude this. Within-group variability may have hindered a 
clear directionality in either preference for the eyes or the mouth. This interpretation goes according to the mixed literature on eye 
gaze in infant siblings, with most evidence finding no group differences compared to LL-infants (e.g., Chawarska et al., 2022; Droucker 
et al., 2013; Elsabbagh et al., 2014) or reduced eyes-preference only in the subset of EL-infants with ASD (e.g., Shic et al., 2014). 

Crucially, although we did not find evidence of group differences before 12 months, the trajectory of changes between time-points 
was different within each group from earlier, as we hypothesized. We suggest that these differing developmental changes across the 
first year may possibly account for the group differences found at the end of this period. The trajectory of mouth-looking observed in 
LL-infants only partially replicates the u-shaped pattern of changes we predicted based on prior cross-sectional research using free- 
viewing tasks (Lewkowicz & Hansen-Tift, 2012; Pons et al., 2015). While we also found more looking to the eyes at 4 months and 
a shift to the mouth at 8 months, we did not observe an equivalent preference for the eyes and mouth at 12 months (but see Mor-
in-Lessard et al., 2019 for similar results to ours). Instead, infants maintained a preference for the mouth. In the context of our task, we 
interpret that at this time-point infants may still need to focus on the mouth to seek visual speech cues beneficial for detecting temporal 
synchrony. Supportively, we found moderate evidence that our infants discriminated temporal asynchrony precisely at 12 months, 
possibly pointing to these two abilities as being potentially closely related language learning mechanisms. Furthermore, when using 
tasks similar to ours in children, mouth-looking and temporal synchrony detection seem to be related at a group level (Grossman et al., 
2015; Righi et al., 2018). 

In contrast to the trajectory followed by LL-infants, EL-infants showed no evidence of changes in relative or absolute preference for 
the mouth across the first year. This finding aligns with our prediction of constant mouth-preference during the first year, perhaps 
suggesting that the audiovisual redundancy provided by this facial feature may not become differentially salient for EL-infants in this 
period but instead remains stable. Our results provide preliminary evidence supporting the IIH prediction that EL-infants as a whole 
group would show an early atypicality in the mechanism of selective attention (Bahrick, 2010; Bahrick & Todd, 2012), but they need 
replication before being considered robust. If confirmed, this finding could constitute a unique contribution of our study since previous 
cross-sectional (Santapuram et al., 2022) and longitudinal research (Elsabbagh et al., 2014; Jones & Klin, 2013; Shic et al., 2014) on 
selective attention to talking faces in EL-infants between 6 and 18 months thus far found no evidence of group differences in 
mouth-preference. These null results could be perhaps due to not densely tracking this ability at multiple time-points across relevant 
developmental periods of the first year, excluding EL-infants with ASD from the analyses (e.g., Chawarska et al., 2022), or including 
only male EL-infants (Jones & Klin, 2013). 

4.3. Theoretical implications 

Our study has several theoretical implications. Contrary to the IIH (Bahrick & Todd, 2012), we found no evidence that sensitivity to 
temporal synchrony is affected in infants at familial likelihood for ASD. However, as hypothesized by the IIH, selective attention to the 
mouth during audiovisual speech might potentially be a mechanism atypically functioning in infant siblings at the end of the first year. 
This is an important preliminary contribution of our study, as we may have targeted one widespread domain-general atypicality still 
underemphasized by the IIH and other domain-general approaches for ASD (Campos et al., 2019; Gliga et al., 2014). 

Reduced mouth-looking may be a potential risk factor for later language atypicalities particularly relevant during the first postnatal 
year. Given the crucial role of increased mouth-looking for typical language acquisition, we suggest that atypicalities in this mech-
anism may underlie and be an early expression of the language atypicalities affecting EL-infants as a whole (Belteki et al., 2022; Hudry 
et al., 2014). What remains unknown, however, is which developmental processes underlie the trajectory between the initial attentional 
atypicality and the later affected language outcomes. If our results are replicated, we speculate that EL-infants’ reduced attention to the 
mouth may potentially reduce their chances of benefiting from accessing audiovisual redundant native phonemic cues, reduce the 
amount of exposure to this event, and perhaps diminish the fidelity with which they process audiovisual speech. Ultimately, we 
speculate that this alternative trajectory could potentially increase the likelihood of later cascading atypicalities in different sub-
components of language acquisition (Chita-Tegmark et al., 2015; Hudry et al., 2014). In fact, this hypothesis has been predicted by 
Neuroconstructivist accounts. From this view, the lack of fit between EL-infants’ abilities and the properties of audiovisual speech (i.e., 
dynamic, unpredictable, and highly variable) would account for infants’ reduced attunement to the properties of their linguistic 
environment (Gliga et al., 2014). We suggest that an initial genetic vulnerability in selective attention to the mouth may possibly be 
shared early by the majority of EL-infants but its effects when interacting with their social and linguistic experience across devel-
opment could vary between individuals, leading to heterogeneous language and ASD outcomes influenced by multiple other cumu-
lative risk factors (Elsabbagh, 2020). Supportively, studies with infant and toddler twins indicate genetic influences on preferential 
attention to the eyes and mouth across both typical and ASD-affected individuals that relate to individual differences in later language 
outcomes (Constantino et al., 2017; Viktorsson et al., 2023). 
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4.4. Limitations and future research 

Our study presents limitations. Our small sample size (underpowered for our LMM on temporal synchrony detection, as the 
achieved power was close to ~35 %; see ‘Power Analysis’ in Supplementary Analysis 4), yet a general issue in infant sibling studies due 
to the prevalence of ASD (Jones et al., 2019), warrants the need for future better-powered studies with more reliable effect sizes (ours 
ranged from small to medium) for more robust conclusions. We used asynchronies of 500 and 666 ms instead of the planned 666 ms. 
Our control analysis showed that this technical error did not impact our main results, but our preliminary findings should be cautiously 
considered when compared with those of previous studies. Unlike us, future research should measure selective attention to the eyes 
and mouth separately from detecting temporal asynchrony in a free-viewing paradigm to provide more reliable measures. 

Our study opens new research avenues. First, the role of alternative pathways in selective attention to the mouth in EL-infants 
relative to language outcomes still needs to be addressed. While we interpreted reduced mouth-preference as a risk factor, one may 
argue that it could be protective. EL-infants may reduce their attention to the mouth to deal with a perceptually overwhelming event 
and instead follow a more auditory pathway of attunement with audiovisual speech. Second, the specificity of the predictive value of 
atypical trajectories in selective attention to the mouth to diagnostic ASD outcomes and language atypicalities of the phenotype (e.g., 
see Shic et al., 2020) requires investigation. Third, whether selective attention and detection of temporal synchrony are independent or 
intertwined mechanisms in both LL and EL-infants and whether their relationship varies across development remains unclear. Finally, 
if our findings are extensible to real contexts of infant-caregiver interactions when using new methods as head-mounted eye-trackers 
(e.g., Zhao et al., 2023), selective attention to the mouth in a very specific time-point of development (end of 1st year) would constitute 
a promising area for early intervention in language acquisition in infant siblings. 

5. Conclusions 

Our findings suggest preliminary evidence that reduced selective attention to the mouth in audiovisual speech at age one year 
might be an early candidate mechanism to account for the language atypicalities usually developed by infant siblings (Hudry et al., 
2014). If further research replicates our tentative results, a differential timing in this attentional trajectory relative to typical coun-
terparts could be interpreted as an early expression of later language difficulties. An initial subtle attentional atypicality may perhaps 
increasingly interfere with how EL-infants learn from their social environments and constrain the development of complex abilities 
learned through interaction with others, particularly language. The continuity of the affected mechanisms in populations at genetic 
increased likelihood for the condition and individuals with ASD (Righi et al., 2018; Zhao et al., 2023) places reduced mouth-looking as 
a potential atypical candidate mechanism of the language difficulties commonly linked to the condition. 
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