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Background: Due to familial liability, siblings of children with ASD exhibit elevated risk for language delays. The
processes contributing to language delays in this population remain unclear. Methods: Considering well-established
links between attention to dynamic audiovisual cues inherent in a speaker’s face and speech processing, we
investigated if attention to a speaker’s face and mouth differs in 12-month-old infants at high familial risk for ASD
but without ASD diagnosis (hr-sib; n = 91) and in infants at low familial risk (Ir-sib; n = 62) for ASD and whether
attention at 12 months predicts language outcomes at 18 months. Results: At 12 months, hr-sib and Ir-sib infants
did not differ in attention to face (p = .14), mouth preference (p = .30), or in receptive and expressive language scores
(p= .36, p=.33). At 18 months, the hr-sib infants had lower receptive (p = .01) but not expressive (p = .84) language
scores than the Ir-sib infants. In the Ir-sib infants, greater attention to the face (p=.022) and a mouth preference (p =
.025) contributed to better language outcomes at 18 months. In the hr-sib infants, neither attention to the face nor a
mouth preference was associated with language outcomes at 18 months. Conclusions: Unlike low-risk infants,
high-risk infants do not appear to benefit from audiovisual prosodic and speech cues in the service of language
acquisition despite intact attention to these cues. We propose that impaired processing of audiovisual cues may
constitute the link between genetic risk factors and poor language outcomes observed across the autism risk
spectrum and may represent a promising endophenotype in autism. Keywords: Infancy; autism; audiovisual
speech; eye-tracking; attention.

of children with ASD (high-risk siblings, hr-sib) and
in siblings of infants without ASD (low-risk siblings,
Ir-sib) benefits to the same extent from the facilita-
tory effects of audiovisual speech cues inherent in
face and mouth movements accompanying speech.
By comparing the hr-sib and Ir-sib groups, we aimed
to capture the effects of autism risk on links between
attention to audiovisual prosodic and speech cues
and language development without confounds
related to certain core symptoms of autism (e.g.,
joint-attention impairments) which are known to
have detrimental effects on language development
(Kasari, Paparella, Freeman, & Jahromi, 2008;
Mundy, Sigman, & Kasari, 1990; Weismer et al.,
2010). We hypothesized that language delays, often
reported in high-risk infants in the second year of
life, will be associated with atypical attention to a
speaker’s face, an area recognized as a source of rich
prosodic and speech cues known to facilitate speech
perception. To examine this hypothesis, we investi-
gated attention to audiovisual speech cues at
12 months and then assessed receptive and expres-
sive language at 18 months. This developmental
window constitutes an important transition between
an age when infants have completed their tuning to
the phonology of their native language to an age
when they begin acquiring expressive and receptive
vocabulary.

Introduction

Autism spectrum disorder (ASD) is an early-onset
complex neurodevelopmental condition defined by
atypical patterns of social interaction, repetitive
interests, and motor mannerisms (American Psychi-
atric Association, 2013). In addition to social deficits,
children with ASD exhibit early language delays
(Garrido, Petrova, Watson, Garcia-Retamero, & Car-
ballo, 2017; Longard et al., 2017; Weismer, Lord, &
Esler, 2010). Language delays are also observed in
unaffected siblings of children with ASD. These
delays typically emerge in the second year of life
and manifest more strongly in the receptive language
domain (Garrido et al., 2017; Marrus et al., 2018;
Weismer et al.,, 2010). Considering that language
delays cosegregate or are shared amongst affected
and unaffected siblings and that they occur more
frequently in unaffected siblings than in the general
population, it has been proposed that language
delays are linked with genetic risk factors associated
with autism (Frazier et al., 2015). The processes
linking the genetic risk factors with language out-
comes in ASD or endophenotypes (intermediate
phenotypes) (Gottesman & Gould, 2003) have not
been identified. The present study investigated
whether language acquisition in unaffected siblings
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The current study was motivated by extensive
evidence linking attention to audiovisual prosodic
and speech cues and language processing in typi-
cally developing children and adults. Speech pro-
cessing in adults, in typically developing infants, and
in young children benefits from the complementary
and temporally synchronized auditory and visual
speech cues originating from a speaker’s mouth area
(Sumby & Pollack, 1954; Summerfield, 1979, 1992;
Yehia, Rubin, & Vatikiotis-Bateson, 1998). In adults,
attention to such cues increases speech comprehen-
sion (Grant & Seitz, 2000; MacLeod & Summerfield,
1987; Shahin & Miller, 2009; Sumby & Pollack,
1954; Summerfield, 1979) and speeds up the neural
processing of speech (van Wassenhove, Grant, &
Poeppel, 2005). Attention to audiovisual cues, exem-
plified by preference for a speaker’s mouth, begins to
emerge in infancy after 6 months of age (Hillairet de
Boisferon, Hansen-Tift, Minar, & Lewkowicz, 2017;
Lewkowicz & Hansen-Tift, 2012; Pons, Bosch, &
Lewkowicz, 2015), and there is evidence that infants
can integrate the audio and visual information
contained in a speaker’s mouth into a single multi-
sensory representation (Kuhl & Meltzoff, 1984;
Lewkowicz, Minar, Tift, & Brandon, 2015; Patterson
& Werker, 1999; Rosenblum, Schmuckler, & John-
son, 1997). Attention to audiovisual speech facili-
tates learning of native phonetic forms (Lewkowicz &
Hansen-Tift, 2012) and phoneme boundaries (Tei-
nonen, Aslin, Alku, & Csibra, 2008), as well as
separation between different languages in bilingual
infants (Birulés, Bosch, Brieke, Pons, & Lewkowicz,
2018; Pons et al., 2015). Attention to audiovisual
speech has also been linked with lexical acquisition
both concurrently and prospectively (Habayeb et al.,
2021; Imafuku, Kawai, Niwa, Shinya, & Myowa,
2019; Tenenbaum et al., 2015; Young, Merin,
Rogers, & Ozonoff, 2009).

There is extensive evidence that 2-year-olds with
ASD attend less to interactive partners, particularly
to a speaker’s face and mouth regions, and that
precursors of these deficits can be observed in
infancy, before behavioral symptoms of autism
become apparent (Asberg Johnels, Gillberg, Falck-
Ytter, & Miniscalco, 2014; Chawarska, Macari, &
Shic, 2012; Habayeb et al., 2021; Macari et al.,
2020; Righi et al., 2018; Shic, Macari, & Chawarska,
2014; Shic, Wang, Macari, & Chawarska, 2020).
These findings suggest that by 6 months, the
affected infants do not avail themselves to the same
extent of visual prosodic and speech cues that are
known to facilitate speech processing and language
acquisition in unaffected infants. Although poor
attention to faces has been typically examined for
its links with symptom severity, several studies
report that lower attention to a speaker’s face and
mouth is associated with lower language skills
concurrently (Habayeb et al., 2021; Shic et al.,
2020) and prospectively (Shic et al., 2020) in ASD,
although the mutual influences of symptom severity

and attention on language outcomes remains to be
elucidated (Arunachalam & Luyster, 2016).

In contrast to infants with ASD, hr-sib infants
exhibit largely typical patterns of selective attention
to faces and facial features in infancy. Six-month-old
hr-sib infants attend to dynamic, speaking faces
comparably to lr-sib infants both in response to
video stimuli (Chawarska, Macari, & Shic, 2013;
Shic et al., 2014) and live interaction (Macari et al.,
2020). The evidence regarding gaze behaviors in hr-
sib infants past the first months of life, however, is
scarce, and it is not clear if their typical selective
social attention patterns persist later on. Moreover,
no studies to date have examined predictive links
between attention to a speaker’s face and mouth and
subsequent language development in hr-sib infants
at the critical time when typically developing infants
begin to rely on access to redundant audiovisual
speech cues in a speaker’s mouth to tune to their
native phonological forms in the first year of life
(Lewkowicz & Hansen-Tift, 2012) and to acquire
their native lexicon in the second year of life (Hillairet
de Boisferon, Tift, Minar, & Lewkowicz, 2018). Con-
sidering that hr-sib infants have elevated likelihood
for language delays in the second year of life, it is
important to assess the link between these infants’
attention to a speaker’s face and mouth and their
subsequent language skills.

The present study investigated whether hr-sib
infants show diminished ability to attend to and
take advantage of audiovisual prosodic and speech
cues in the service of language acquisition. The hr-
sib (n = 91) and Ir-sib (n = 62) infants were assessed
prospectively at 12 and 18 months. At 12 months,
they completed the free-viewing Selective Social
Attention eye-tracking task consisting of a video
depicting a woman looking at the camera and using
child-directed speech to engage the infant’s attention
(Chawarska et al., 2012, 2013). Subsequently, we
computed a proportion of valid looking time spent
monitoring the social scene (%Scene), speaker’s face
(%Face), and the proportion of time spent monitoring
the speaker’s mouth (Mouth Ratio) (see Figure 1,
also Methods section). In contrast to studies of
audiovisual speech processing in TD infants, which
usually present a single face and no distractors, we
exposed infants to a speaker within a complex visual
scene that compelled them to select the most socially
salient regions (e.g., face and mouth) amidst other
competing stimuli, as they would in a real-life setting
(Chawarska et al., 2012). At 12 and 18 months, we
also examined receptive language (RL) and expres-
sive language (EL) skills with the Mullen Scales of
Early Learning (Mullen, 1995) and assessed the
severity of social vulnerabilities with the Autism
Diagnostic Observation Schedule-2 (Lord et al.,
2012). First, we examined whether hr-sib infants
differ from Ir-sib infants at 12 months in their
preferences for a speaker’s face and mouth region.
Second, we examined if attention to a speaker’s face
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and mouth at 12 months predicts RL and EL skills at
18 months alongside language scores at 12 months
and sex. Given the paucity of attentional data for
unaffected siblings of children with ASD, it was not
clear whether 12-month-old hr-sib infants continue
to be aligned with Ir-sib infants as seen at 6 months
(Chawarska et al.,, 2013; Shic et al., 2014), or
whether they begin to exhibit atypical attention
patterns resembling those seen in toddlers with
ASD (Chawarska et al., 2012; Shic et al., 2020) and
whether, if observed, these vulnerabilities contribute
to their language outcomes 6 months later. We
found that unlike low-risk infants and despite that
they exhibited intact attention to the social partner,
high-risk infants did not appear to benefit from
audiovisual prosodic and speech cues in service of
language acquisition. We propose that impaired
processing of audiovisual stimuli may be the link
between distal genetic risk factors and proximal poor
language outcomes observed across the autism risk
spectrum.

Methods and materials
Participants

All infants participated in a prospective longitudinal study of
social development. The study was approved by the Human
Investigation Committee of the Yale School of Medicine, and
informed written consent was obtained from all parents prior
to testing their infants. The infants were recruited prior to
6 months of age through resources of the Yale Developmental
Disabilities Clinic and Yale Early Social Cognition Lab, as well
as through advertisement. Out of 168 participants who
attended the visit at 12 months, 102 infants were younger
siblings of children with ASD and thus at high familial risk (hr-
sib) for ASD, while 66 infants had no history of ASD in 1st or
2nd degree relatives and were considered at low familial risk
(Ir-sib) for ASD. Families reported primary language being
English. Exclusionary criteria were gestational age below
34 weeks, any hearing or visual impairment, nonfebrile seizure
disorders, or known genetic syndromes. Presence of language
or other developmental delays did not constitute an exclusion
criterion in either group. Infants diagnosed with ASD were
excluded from the present study.

Out of 168 infants seen at 12 months, 15 (9%) infants [4
(6%) 1r-sib and 11 (11%) hr-sib] missed the 18-month visit and
were excluded from the analysis. The two groups did not differ
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in the proportion of children who skipped the 18-month visit,
%%(1) = 1.10, p=.294. Those who missed the 18-month visit did
differ from the retained sample in sample characteristics and
in performance on the eye-tracking task (see Table S1). The
final sample consisted of 91 of the hr-sib infants and 62 of the
Ir-sib infants (V= 153). Females constituted 41.83% (64 out of
152) of the sample, and the groups did not differ on the sex
distribution (hr-sib: 35 out of 91, Ir-sib: 29 out of 62) (x*(1) =
1.047, p=.306). One family did not provide race information;
91% (82/90) of parents in the hr-sib group identified their
child’s race as Caucasian as compared to 81% in the lr-sib
group (50/62), x%(1) = 3.519, p = .061. Blacks represented
5.3% of the sample, Asians 4.58%, and 3.27% were more than
once race. Hispanics represented 9.68% of the hr-sib group as
compared to 9.68% of the Ir-sib group, (1) = 1.057, p = .304.
83.17% of the hr-sib infants had mothers who completed
college education as compared to 80.36% in the Ir-sib group,
x2(1) = 0.194, p=.659. All infants underwent a comprehensive
diagnostic assessment capturing their developmental and
medical history, verbal and nonverbal skills (Mullen Scales of
Early Learning; MSEL) (Mullen, 1995), adaptive skills (Vine-
land Adaptive Behavior Scales; VABS) (Sparrow, Balla, &
Cicchetti, 1984), and severity of autism symptoms (Autism
Diagnostic Observation Schedule-2 Toddler Module) (Luyster
et al., 2009). The clinical best estimate (CBE) diagnosis was
assigned by a team of expert clinicians based on a review of all
available records. One hundred fourteen (75%) children
received their final diagnostic assessment at 36 months; the
remaining children received it at 24 months (n = 33, 22%) or at
18 months (n = 6, 4%). Consistent with prior reports (Char-
man et al., 2017), toddlers in the hr-sib group were more likely
to trigger clinical concerns either due to the presence of
developmental delays or subthreshold social difficulties than
toddlers in the Ir-sib group (hr-sib: 40% (36/91) versus lr-sib:
8% (5/62), x*(1) = 18.65, p < .001).

Stimuli

The stimulus video depicted a woman positioned at the center
of the screen, with four distractor toys presented in the four
corners of the visual scene (Chawarska et al., 2012). The video
contained 11 episodes (total duration 69s) during which the
woman intended to engage the viewer by looking at the camera,
smiling, slight nods and eyebrow movements, and using child-
directed speech while addressing the viewer (Figure 1, left).
The speech episodes were interspersed with episodes absent of
speech, during which the woman made a sandwich, or looked
at moving or stationary toys. Please see Chawarska et al., 2012
for detailed description. There were no artificial breaks in the
video to re-engage or re-center the viewer’s attention, thus
requiring the infants to adjust their gaze patterns depending
on context as they would in real life. The scene subtended 27 x
21 degrees of visual angle, the Face 3.9 x 5.6 degrees, the

Figure 1 Screenshot from the SSA task. The stimulus video depicted a woman positioned at the center of the screen, with distractors
presented in the four corners. The video contained 11 episodes (total duration 69 s) during which the woman looked at the camera and
spoke using child-directed speech. The proportion of the looking time (%Scene) was standardized by the total duration of the speech
episodes and signify the overall attention to the task; %Face was standardized by the total looking time at the scene; and the Mouth
Ratio represents a proportion of looking time to the mouth over total looking time at the face region consisting of the upper (eyes) and

lower (mouth) ROIls
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Mouth 3.5 x 2.0 degrees, and each of the Toys 5.8 x 6.4
degrees.

Apparatus

Gaze behaviors were recorded at a sampling rate of 60Hz using
a SensoMotoric Instruments IView X™ RED eye-tracking
system. Eye-tracking data were processed using custom soft-
ware written in MATLAB. The software accommodated stan-
dard techniques for processing eye-tracking data, including
blink detection, data calibration, recalibration, and region of
interest (ROI) analysis (Duchowski, 2003; Shic, 2008).

Procedure

During the free-viewing task, toddlers were seated in a car seat
in a dark and soundproof room 75 cm in front of a 24~
widescreen LCD monitor. Each session began with a cartoon
video to help the infant get settled. A five-point calibration
procedure was then initiated with calibration points consisting
of dynamic targets (e.g., a meowing, walking cartoon tiger).
Subsequently, each participant was presented with the video
described in the Stimulus section.

Data reduction

The visual scene was divided into ROIs (see Figure 1, right).
Variables of interest were proportion of total looking (dwell) time
at the entire scene (%Scene), the proportion of looking time at
the woman’s face consisting of the eye and mouth regions (%
Face), and a proportion of looking at the mouth (Mouth Ratio).
The proportion of the looking time (%Scene) was standardized
by the total duration of the speech episodes and signify the
overall attention to the task; %Face was standardized by the
total looking time at the scene during the speech episodes and
stands for the ability to attend selectively to the face of the
speaker over other elements of the scene; and the Mouth Ratio
represents a proportion of looking time to the mouth over total
looking time at the face region consisting of the upper (eyes) and
lower (mouth) ROIs. Calibration error was on average M = .67
(SD=.39) degrees in the hr-sib and M= .67 (SD=.40) degrees in
the Ir-sib groups (p = .922). Sessions in which infants con-
tributed less than 20% of valid eye-tracking data were excluded
from the analysis of %Face and Mouth Ratio (n = 2).

Statistical analysis

Preliminary analysis of RL and EL scores was conducted using
one-way analysis of variance (ANOVA). Associations between
continuous variables were examined using Pearson’s r corre-
lation coefficient analysis, and associations between a binary
variable (sex) and continuous variables were examined using
Point Biserial correlation coefficient analysis. Multivariate
regression analysis was used to examine 12-month predictors
of the 18-month RL and EL skills in the lr-sib and hr-sib
samples. Predictors included sex, the eye-tracking variables (%
Face and Mouth Ratio), and the RL and EL scores at
12 months. Diagnostics to evaluate for potential collinearity
amongst predictor variables were performed using COLLIN
option in the SAS REG procedure and none were identified. The
analyses were conducted using SAS 9.4.

Results
Preliminary analyses

At 12 months, there were no statistically significant
differences between the hr-sib and Ir-sib groups in

their MSEL RL and EL t-scores (d= 0.15 and
d = 0.16; see Table 1). In contrast, by 18 months,
the hr-sib group had lower RL scores than the Ir-sib
group (p = .01, d = 0.42) even though the EL scores
for these two groups were comparable (d = 0.03).
When only the proportion of children whose RL t-
scores fell more than 1.5 SD below the mean were
considered (i.e., had t-scores below 35), the 18-
month-old hr-sib group was twice more likely to fall
into this category than the 18-month-old Ir-sib group
(hr-sib: 34% (31 out of 91) versus Ir-sib: 18% (11 out
of 62), ¥*(1) = 4.93, p=.026). The analogous analysis
of the EL scores revealed no significant differences
between the groups (hr-sib: 24% (22 out of 91)
versus Ir-sib: 18% (11 out of 62), ¥%(1) = 0.902, p =
.342). In contrast, at 12 months, there were no
differences between the groups in the proportion of
children with t-scores below 35 in the RL or EL
domains. In the RL domain, 12% of HR and 10% of
LR infants had t-scores under 35, chisq (1) = .217,
p=.641 and in the EL domain in the HR group 19%
infants and in the LR group, 27% of infants had t-
scores under 35, chisq (1) =1.62, p=.202. Nonverbal
t-score (averaged across the Fine Motor and Visual
Reception domains) was comparable across the two
groups at 12 and 18 months (d = 0.08, d = 0.04). At
both 12 and 18 months, the hr-sib and 1lr-sib groups
had comparable ADOS Total calibrated comparison
scores (d = 0.16 and d = 0.19).

Selective attention scores

At 12 months, there were no statistically significant
differences between the groups in the %Scene, %
Face, and Mouth Ratio variables (all p-values > .14,
see Table 1, Figure 2). The Mouth Ratio was signif-
icantly greater than chance (.50) in both groups (hr-
sib: 66% (SD = 22), t(89) = 6.91, p<.001, Ir-sib: 62%
(SD = 22), t(60) = 4.16, p < .001), suggesting that,
regardless of risk status, infants favored the mouth
over the eye region when they attended to the
speaker’s face. Moreover, there was a significant
correlation between overall attention to the scene
and the speaker’s face in both groups (hr-sib: 790) =
370, p < .001, Ir-sib: n61) = .390, p = .002)
suggesting that infants who looked more at the
screen tended to also focus more on the speaker’s
face rather than on the other elements of the scene
and this pattern was consistent in both risk groups.

12-month predictors of 18-month Receptive
Language scores

We performed a series of multiple linear regression
analyses to examine the association between 12-
month selective attention and 18-month RL scores.
Results from the Ir-sib group indicated that there
was a collective significant effect of the predictor eye-
tracking indices, language scores at 12 months, and
sex on the I18-month RL scores, F(5,55) = 7.11, p <
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Table 1 Sample characteristics at 12 and 18 months
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hr-sib Ir-sib
M (SD) M (SD) p-value Cohen’s d
N 91 62
Sex (% female) 38.46 46.77 31
12 mo
% Scene 79.55 (19.20) 76.43 (18.77) .320 0.16
% Face 67.08 (14.97) 63.08 (17.01) .130 0.25
Mouth Ratio 0.66 (0.22) 0.62 (0.22) .295 0.18
MSEL EL t-score 43.02 (10.04) 44.92 (12.93) .309 0.16
MSEL RL t-score 44.30 (10.50) 45.76 (9.20) .376 0.15
MSEL Nonverbal DQ 115.32 (14.13) 116.47 (11.77) .259 0.08
ADOS-2 Total Severity 3.40 (1.74) 3.15 (1.37) .368 0.16
18 mo
MSEL EL t-score 46.76 (13.73) 47.19 (12.24) .841 0.03
MSEL RL t-score 45.95 (16.48) 52.87 (16.76) .012 0.42
MSEL Nonverbal DQ 104.22 (11.32) 107.09 (14.27) .168 0.04
ADOS-2 Total Severity 2.71 (1.40) 2.42 (1.61) 232 0.19

MSEL, Mullen Scales of Early Learning; EL, Expressive Language; RL, Receptive Language; DQ, Developmental Quotient; ADOS-2

Autism Diagnostic Observation Scale-2.

.001, R?> = .39 (see Table 2). Individual predictor
analysis indicated that Mouth Ratio (t= 2.06, p =
.044, f=.22), %Face (t = 2.10, p=.040, f=.22), and
12-month RL t-score (t= 3.74, p < .001, f = .46)
contributed significantly to the model. The analo-
gous analysis in the hr-sib sample indicated that the
full model was also significant, F(5,84) = 10.16, p <
.001, R? = .38, and that the significant predictors
included the 12-month RL scores (t=.4.41, p<.001,
f =.42) and sex (t = 3.15, p<.002, f =.29), but not
the attentional indices (see Table 3). Thus, in the Ir-
sib infants, greater attention to the speaker’s face
and a higher proportion of time spent monitoring the
speaker’s mouth contributed significantly to better
language comprehension scores at 18 months,
above and beyond the contribution of language levels
at 12 months and sex. In contrast, for hr-sib infants,
neither attention to the face nor the mouth con-
tributed significantly to the model; only higher RL
skills at 12 months and female sex were predictive of
better verbal comprehension at 18 months in the
high-risk sample.

12-month predictors of 18-month Expressive
Language scores

Results of the multiple linear regression in the Ir-sib
infants yielded a significant effect of the 12-month
predictors on the 18-month EL scores, F(5,55) =
5.93, p<.001, R? = .35 (see Table 4). Two variables
contributed significantly to the model: 12-month %
Face (t = 2.99, p=.004, f=.33) and 12-month EL t-
scores (t= 2.54, p = .014, f = .33). The analogous
linear regression analysis in the hr-sib infants
yielded a similarly collective significant effect of the
12-month predictors, F(5,84) = 9.35, p < .001, R? =
.36. In contrast, however, only 12-month RL t-scores
(t=4.12, p<.001, f=.40) and EL t-scores (t = 3.37,
p = .001, p = .32) contributed significantly to the
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model (see Table 5). Thus, Ir-sib infants who spent
more time monitoring the speaker’s face, and those
with stronger 12-month EL scores exhibited higher
18-month EL t-scores. In contrast, in the hr-sib
infants, none of the 12-month eye-tracking mea-
sures contributed significantly to 18-month EL
scores. Instead, higher 12-month RL and EL t-
scores were individually predictive of stronger EL in
hr-sib infants 6 months later.

Considering that hr-sib infants often exhibit subtle
vulnerabilities in the areas of social interaction and
communication, often referred to as broader autism
phenotype (Macari et al., 2012; Rowberry et al.,
2015), we conducted an additional regression anal-
ysis to evaluate if severity of autism features, as
measured at 12 months by the ADOS-2, would help
explain language delays observed at 18 months.
Results indicated that autism symptom severity did
not contribute significantly to the models predicting
EL and RL of the hr-sib group and that inclusion of
symptom severity did not change the overall pattern
of results (see Table S2). Thus, the observed recep-
tive language delay in hr-sib infants was not due to
elevated autism symptoms.

Discussion

The present study examined the contribution of
selective attention to dynamic speaking faces at
12 months to language outcomes at 18 months in
infants with and without genetic risk for ASD. We
demonstrate, for the first time, that in low-risk
infants, individual differences in attention to a
speaker’s face at 12 months contribute to receptive
and expressive language outcomes 6 months later.
The finding suggests that kinetic cues including
head nods and facial gestures that typically accom-
pany child-directed speech provide important visual
prosodic cues that complement tonal and temporal
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Figure 2 (A) Relative frequency distributions of the proportion of looking time at the speaker’s face (%Face), and mouth preference
(Mouth Ratio), as well as Mullen Scales of Early Learning Expressive and Receptive Language t-scores at 12 months of age of hr-sib (green)
and Ir-sib (blue) groups. (B) Correlational plots with regression lines of Mouth Ratio at 12 months with Expressive Language (top) and
Receptive Language (bottom) at 18 months in hr-sib (green) and Ir-sib (blue) groups. Gray area represents 95% confidence interval.
Boxplots in panels (A) and (B) represent the median, 1st and 3rd quartiles of the eye-tracking, and language measures for both hr-sib and

Ir-sib groups

Table 2 Multiple regression of Mouth Ratio (MR), proportion of looking at the face (%Face), MSEL Receptive and Expressive
Language (RL, EL) t-scores, and sex variables at 12 months on MSEL Receptive Language t-scores at 18 months in low-risk infants

18 m 12 m 12 m 12 m 12 m
Predictors RL (DV) MR %Face RL EL B SE B p 7 (semi-partial)
MR .25 16.17 7.84% .22 .047
%Face .24 .04 21.52 10.25* .22 .049
12 m RL .50 .06 .01 0.82 0.22%** .46 .154
12 m EL .38 .01 .05 .47 0.15 0.16 .12 .010
Female .07 —-.02 .01 —.06 .20 1.49 3.36 .05 .002
Intercept —16.11 11.88 0 -
Mean 52.87 .62 63.08 45.76 44.91 R*=.39
SD 16.76 .22 17.01 9.20 12.93 Adjusted R® = .34

MR, Mouth Ratio; EL, Expressive Language; RL, Receptive Language.

*p < .05, **p < .01, ***p < .001.

prosodic cues in auditory speech (Esteve-Gibert &
Guellai, 2018). Our findings complement extant,
albeit still limited, evidence from older children
suggesting that presence of kinetic speech cues
facilitates attention to a speaker, helps parse con-
catenated speech (Kitamura, Guellai, & Kim, 2014),
and facilitates word learning and recall (Booth,
McGregor, & Rohlfing, 2008; Igualada, Esteve-
Gibert, & Prieto, 2017). Moreover, consistent with
prior work in premature and in typically developing
low-risk 12-month-olds (Imafuku et al., 2019;

Tenenbaum et al., 2015), our study suggests that
preferential attention to the speaker’s mouth at
12 months predicts better language skills at
18 months. Taken together, the findings in the low-
risk group highlight the beneficial effects of attention
to the audiovisual cues inherent in faces of interac-
tive partners for early language development. While
early attention to speaker’s face contributes to better
expressive and receptive language skills at
18 months, greater focus on the mouth is associated
with better receptive language skills.

© 2022 Association for Child and Adolescent Mental Health.
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Table 3 Multiple regression of Mouth Ratio (MR), proportion of looking at the face (%Face), MSEL Receptive and Expressive
Language (RL, EL) t-scores, and sex variables at 12 months on MSEL Receptive Language t-scores at 18 months in high-risk infants

18 m 12 m 12 m 12 m 12 m
Predictors RL (DV) MR %Face RL EL B SE B p 7 (semi-partial)
MR —-.02 —4.35 6.74 —.06 .003
Y%Face .08 .08 3.38 9.61 .03 .001
12 m RL .52 .02 .05 0.66 0.16%*** 42 .144
12 m EL .29 —.10 .09 .34 0.13 0.15 .08 .005
Female 43 .10 .07 .31 21 9.78 3.10%* .29 .074
Intercept 7.67 10.59 0 -
Mean 45.95 .66 67.08 44.30 43.02 R?=.38

Adjusted R® = .34

SD 16.47 .22 14.97 10.50 10.04

MR, Mouth Ratio; EL, Expressive Language; RL, Receptive Language.

*p < .05, **p < .01, ***p < .001.

Table 4 Multiple regression of Mouth Ratio (MR), proportion of looking at the face (%Face), MSEL Receptive and Expressive
Language (RL, EL) t-scores, and sex variables at 12 months on MSEL Expressive Language t-scores at 18 months in low-risk infants

18 m 12 m 12 m 12 m 12 m
Predictors EL (DV) MR %Face RL EL B SE B p 7 (semi-partial)
MR .08 2.91 5.76 .06 .003
%Face .35 .04 22.50 7.53%* .33 .105
12 m RL .33 .06 .01 0.27 0.16 21 .033
12 m EL .50 .01 .05 47 0.30 0.12%* .33 .076
Female .14 —.02 .01 —.06 .20 1.33 2.61 .06 .003
Intercept 4.50 8.73 0 -
Mean 47.19 .62 63.08 45.76 44.91 R?=.35 Adjusted R? = .29
SD 12.24 .22 17.01 9.20 12.93

MR, Mouth Ratio; EL, Expressive Language; RL, Receptive Language.

*p < .05, **p < .01, ***p < .001.

Table 5 Multiple regression of Mouth Ratio (MR), proportion of looking at the face (%Face), MSEL Receptive and Expressive
Language (RL, EL) t-scores, and sex variables at 12 months on MSEL Expressive Language t-scores at 18 months in high-risk

infants
18 m 12 m 12 m 12 m 12 m
Predictors RL (DV) MR Y%Face RL B SE B p 7 (semi-partial)
MR .04 4.74 5.65 .075 .005
%Face —.06 .08 -10.35 8.05 -.114 .13
12m RL .52 .02 .05 0.52 0.13%** .398 .130
12m EL 44 -.10 .09 .34 0.43 0.13%* .320 .087
Female .22 .10 .07 .31 .21 0.46 2.60 .017 0
Intercept 8.94 8.88 0 -
Mean 46.76 .66 67.08 44.30 43.02 R? = .36 Adjusted R* = .32
SD 13.73 .22 14.97 10.50 10.04

MR, Mouth Ratio; EL, Expressive Language; RL, Receptive Language.

*p < .05, **p < .01, ***p < .001.

Although at 12 months both groups had compa-
rable expressive and receptive language scores, by
18 months the high-risk group had lower receptive
language scores than the control group and this
delay was more pronounced in male high-risk sib-
lings. This finding suggests that previously reported
language delays in high-risk toddlers (Marrus et al.,
2018) emerge as infants transition from tuning to

© 2022 Association for Child and Adolescent Mental Health.

their native language in the first year of life to rapid
acquisition of the lexicon and grammar in the second
year of life and that male siblings are more vulner-
able during this transition than female siblings. The
specific vulnerability observed here in the language
comprehension versus expression domain is similar
to that observed in toddlers with ASD (Marrus et al.,
2018), suggesting consistency in the language
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development pattern across the autism risk spec-
trum. While language levels at 12 months were
significant predictors of later language outcomes,
the autism symptom severity scores were not. This
suggests that the observed language delays are not
related to subthreshold social vulnerabilities often
observed in unaffected siblings. Most importantly,
although the 12-month-old high-risk infants
deployed a comparable proportion of attention to
the speaker’s face and mouth regions as did the low-
risk infants, individual differences in their gaze
behaviors at 12 months did not predict later lan-
guage outcomes. This suggests that intact social
attention in high-risk infants does not guarantee
that the infants extract, process, and utilize the
audiovisual cues to the same extent as the low-risk
infants.

We propose that the absence of a relationship
between attention to the speaker’s face and mouth
regions at 12 months and language at 18 months in
high-risk infants may be due to a disruption in the
processing and integration of dynamic facial and
speech cues and that, unlike impaired social atten-
tion, which appears to be specific to ASD, this deficit
may be shared amongst children across the autism
risk spectrum. This idea is consistent with findings
suggesting that 9-month-old high-risk infants exhi-
bit reduced audiovisual speech integration ability
(Guiraud et al., 2012) and that preschoolers (New-
man, Kirby, Von Holzen, & Redcay, 2021) and
school-aged children (Smith & Bennetto, 2007) with
ASD benefit less from lip movements during speech
decoding, with the effect driven largely by lower
audiovisual integration skills (Smith & Bennetto,
2007). Findings also show that preschoolers with
ASD do not prefer synchronous over asynchronous
audiovisual events, suggesting altered multisensory
speech processing and that diminished preference
for synchronous speech was linked with lower lan-
guage skills (Righi et al., 2018). Interestingly, manip-
ulations that enhance attention to both a speaker’s
mouth and a referenced object enhance word com-
prehension in verbal preschoolers with autism
(Tenenbaum et al., 2015). The audiovisual integra-
tion challenges are more pronounced at younger
ages in ASD, and the differences between affected
and unaffected samples are most pronounced when
integration skills are tested with linguistic and social
(e.g., speech and/or faces) rather than nonsocial and
nonlinguistic stimuli (Feldman et al., 2018). Notably,
the perception of speech and dynamic facial gestures
and expressions as well as the integration of visual
and auditory speech cues are subserved by the
superior temporal sulcus (STS) (Allison, Puce, &
McCarthy, 2000; Rennig & Beauchamp, 2018;
Stevenson & James, 2009) and atypical activation
of STS has been found in individuals with ASD and
in their unaffected siblings (Ahmed & Vander Wyk,
2013; Alaerts et al., 2014; Redcay, 2008; Spencer
etal., 2011; von dem Hagen et al., 2011). Thus, even

though unaffected siblings of children with ASD
exhibit intact attention to social partners whereas
the affected siblings typically do not, the two groups
may share disrupted processing and integration of
audiovisual prosodic and speech cues and this may
have negative cascading effects on their acquisition
of early language skills.

If our interpretation is correct, then impaired pro-
cessing and integration of audiovisual prosodic and
speech cues may represent a promising endopheno-
type candidate (Gottesman & Gould, 2003). Mecha-
nistically, impaired audiovisual prosody and speech
processing may lay between the distal genetic risk
factors for autism and proximal overt expressions of
these factors in behavior (i.e., atypical language
development). Currently, empirical evidence on the
processing of audiovisual cues along with their neural
correlates across the autism risk spectrum is extre-
mely scant despite its importance for understanding
mechanisms driving language delays so common and
disabling in this population. Importantly, processing
of audiovisual speech cues can be measured reliably
in children with a wide range of developmental skills
enabling researchers to examine if deficits in audio-
visual speech processing cosegregates and aggregates
in the affected and unaffected family members, and to
what extent it is functionally associated with lan-
guage outcomes. The present findings motivate a full-
scale investigation into audiovisual speech process-
ing in infants and toddlers with ASD and their
unaffected siblings with the goal of mapping their
developmental dynamics and establishing their role
in the development of core and co-occurring features.
Future studies should also address whether improv-
ing audiovisual speech processing and integration in
infancy can ameliorate subsequent language delays
and thus, provide evidence for causal links between
audiovisual processing and language outcomes in
ASD.

Finally, our results have important clinical impli-
cations. They suggest that in some contexts involving
social interaction and verbal communication and
during early development when language acquisition
is occurring, close monitoring of a speaker’s mouth
is highly adaptive. Thus, any intervention aimed at
altering social attentional patterns in ASD or in
infants at risk for ASD need to consider both the
child’s developmental level and the context in which
the child is to make attentional choices in complex
everyday environments. Furthermore, it suggests
that altering the attentional patterns alone (i.e.,
making children look less or more at certain social
stimuli) may not be effective unless the ability to
integrate the multisensory attributes of such stimuli
is also targeted for intervention.

Limitations and future directions

The free-viewing study design reliably captured how
long the participants dwelled on specific ROIs (e.g.,

© 2022 Association for Child and Adolescent Mental Health.



face, mouth). Nonetheless, our prior work (Chawarska
& Shic, 2009; Wang, Chang, & Chawarska, 2020) has
shown that intact attention does not always guarantee
that the key information contained in the displays is
learned and remembered if the mechanisms responsi-
ble for the processing of such information are not
functioning properly. Thus, to fully understand factors
responsible for language delays in infants with ASD
and in the unaffected high-risk siblings, future studies
should examine processing of audiovisual prosodic
and speech cues across the autism risk spectrum at the
behavioral and neurophysiological levels.

Conclusions

Receptive language delays in unaffected siblings of
children with ASD emerge between 12 and 18 months
and are potentially linked with impaired ability to
exploit audiovisual prosodic and speech cues in the
service of language acquisition. The current findings
suggest a novel endophenotype linked with language
outcomes in infants carrying familial risk for autism
and a possible avenue for identifying novel develop-
mentally informed treatment targets.

Supporting information

Additional supporting information may be found online
in the Supporting Information section at the end of the
article:
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Table S1. A comparison of the sample retained for the
analysis (n = 153) and the sample dropped (n= 15) due
to the missing follow-up data at 18 months.

Table S2. Multiple regression of Mouth Ratio (MR),
proportion of looking at the face (%Face), Receptive and
Expressive Language (RL, EL) t-scores, and sex vari-
ables at 12 months on Receptive Language t-scores at
18 months in high-risk sibling group.
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Key points

factors.

endophenotype in autism.

* It has been proposed that in ASD, language delays which are present in both affected and unaffected family
members and which occur more frequently than in the general population are linked to shared genetic risk

* Here we demonstrate that unlike low-risk infants, high-risk infants fail to benefit from audiovisual prosodic
and speech cues in the service of language acquisition despite intact attention to these cues.

* We propose that impaired processing of such cues may constitute the link between genetic risk factors and
poor language outcomes observed across the autism risk spectrum and may represent a promising
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