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Abstract

From birth, infants orient preferentially to faces, and when looking at the face, they attend
primarily to eyes and mouth — two areas that convey different types of information. Here, in a
sample of 535 5-month-old infant twins, we assessed eye (relative to mouth) preference in
early infancy. Eye preference was independent from all other concurrent traits measured, and
had a moderate-to-high contribution from genetic influences (A =.57; 95% CI: .45, .66).
Preference for eyes over mouth at 5 months predicted higher parent ratings of verbal
competence in toddlerhood, but did not predict autistic traits. These results suggest that
variation in eye looking reflects a type of biological niche picking emerging before infants

can select their environments by other means (crawling or walking).
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Introduction

Looking behavior is important in infants’ interactions with their surrounding world, as it is
the earliest capacity to act on the environment by discriminating and selecting inputs for
learning (Amso & Scerif, 2015; Conejero & Rueda, 2017; Hendry, Johnson, & Holmboe,
2019). Earlier research shows that children at a very young age preferentially attend to social
stimuli such as faces (Farroni, Menon, & Johnson, 2006), and that upright faces are scanned
more extensively than both inverted and phase-scrambled faces (Gliga, Elsabbagh,
Andravizou, & Johnson, 2009). Infants’ preferential looking at faces in complex displays
increase considerably over the first year of life, while physical salience has a decreasing
influence on where infants look (Frank, Amso, & Johnson, 2014; Frank, Vul, & Johnson,

2009; Kwon, Setoodehnia, Baek, Luck, & Oakes, 2016).

Different areas of the face convey partly different types of information. While the eyes
transmit a range of socio-communicative and emotional information (Calder et al., 2002), the
mouth is more strongly associated with visual speech information (Yehia, Rubin, &
Vatikiotis-Bateson, 1998). Infants gradually change their preferential attention from the eyes
to the mouth during the first year of life (de Boisferon, Tift, Minar, & Lewkowicz, 2017;
Wagner, Luyster, Yim, Tager-Flusberg, & Nelson, 2013). Further, infants’ attention to the
mouth increases when stimuli involve speech (Frank, Vul, & Saxe, 2012; Lewkowicz &
Hansen-Tift, 2012; Tenenbaum, Shah, Sobel, Malle, & Morgan, 2013) and earlier studies
indicate that a preference for the mouth from 6 months of age is associated with larger
vocabulary (Tenenbaum et al., 2015; Tsang, Atagi, & Johnson, 2018; Young, Merin, Rogers,

& Ozonoff, 2009).
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A recent study has suggested substantial heritability of eye and mouth preference in toddlers
aged 18-24 months (Constantino et al., 2017). However, to the best of our knowledge, no
study has yet investigated the genetic and environmental contribution to eyes versus mouth
preference in the first year of (postnatal) life, when visual input is critical for shaping brain
development, and before infants can actively select their environment by other means
(crawling or walking). Therefore, the primary aim of this study was to establish the relative
role of genetic and environmental influences on eye preference (relative to mouth) in early
infancy, using eye tracking. Because infants tend to look at either the eyes or the mouth when
viewing faces, we operationalized viewing preference as a single measure of total looking
time at the eyes relative to the total looking time at both the eyes and the mouth. Given the
high monozygotic twin concordances found in the previous study of eye and mouth
preference in toddlers (Constantino et al., 2017), we expected to find a moderate-to-high
genetic contribution in young infants. This would provide evidence for active niche picking
very early in life, whereby selective visual attention on aspects of the others’ faces is a

heritable trait, which may shape subsequent learning and development (Kennedy et al., 2017).

Given the link between attention to the mouth and language development, we expected a
positive association between a preference for looking at the mouth and follow-up measures of
early language skills. Further, there is substantial, although inconsistent, evidence of atypical
face scanning in children and adults with ASD, and we therefore tested whether there is an
association between eyes relative to mouth preference and later socio-communicative
difficulties. We did not, however, have a directional hypothesis in this case, due to conflicting
results in the literature (Chita-Tegmark, 2016; Falck-Ytter & von Hofsten, 2011; Jones &
Klin, 2013). ASD can be seen as the extreme end of a continuum spanning the whole

population (Robinson et al., 2011; Robinson et al., 2016; Ronald et al., 2006), therefore,
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studies of autistic traits are relevant also for our understanding of autism as a clinical

condition, and vice versa. All abovementioned hypotheses were pre-registered in OSF

(https://osf.io/s8y74/). Informed consent was obtained from the parents of all the twins who
participated. The study was approved by the regional ethics board in Stockholm and was

conducted in accordance with the Declaration of Helsinki.

Methods

Participants

The Babytwins Study Sweden (BATSS) consisted of 622 same-sex twins (311 pairs) that
were recruited from the national population registry (only the greater Stockholm area was
selected). In total, 29% of the invited families participated in BATSS. Data collection was
performed at the Centre of Neurodevelopmental Disorders at Karolinska Institutet (KIND) in
Stockholm, Sweden. Sample demographics are fully reported elsewhere (Falck-Ytter et al.,

2021).

General exclusion criteria for the study were opposite-sex twin pairs, diagnosis of epilepsy,
known presence of genetic syndrome related to ASD, uncorrected vision or hearing
impairment, very premature birth (prior to week 34), presence of developmental or medical
condition likely to affect brain development (e.g., Cerebral Palsy, hydrocephalus), and infants
where none of the biological parents were involved in the infant’s care. Among the recruited
and tested infants, 3 twins were excluded from analysis because they subsequently were
found not to fulfil the general criteria (above) due to seizures at the time of birth (n = 2 twins)
and spina bifida (n = 1 twin). In addition, for this analysis we excluded infants due to twin-to-
twin transfusion syndrome (n = 12 pairs), birthweight below 1.5 kg (n = 1 twin), and non-

Swedish-speaking parents (n = 1 pair). Further, some infants did not provide any data due to
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technical reasons (n = 3 pairs), lack of time (n = 3 pairs + 1 twin), lack of room (n = 1 pair),
infant being too tired or too fuzzy (n = 4 twins), and infant not having enough valid data for
the task (38 twins, see section Eye tracking for details). The final sample consisted of 535

infants (see Table 1 for descriptive statistics).

The eye-tracking procedure was conducted during the initial 5-month lab visit (Falck-Y'tter et
al., 2021). During the visit, the twins performed different tasks at the same time, in separate
rooms. Several parent-report measures were administered again at 14 months as part of the

larger aims of the study to track development.

Measures

Eye tracking: Gaze data was recorded using the Tobii T120 Eye-tracker with a sampling rate
of 60 Hz, using a standard Tobii monitor at native resolution (1024 x 768). The infant was
seated in a baby chair or in the parent’s lap, approximately 60 cm from the screen. Before the
eye tracking session, a 5-point calibration video was presented, and the experimental task did
not begin until a successful calibration was achieved. Another 5-point video for offline

calibration validation purposes was shown once in the beginning of the eye-tracking session.

For the main eye tracking analysis, each infant viewed 20 stimuli videos in a pseudo-random
order. The videos comprised three conditions: Singing (twelve videos of a woman singing
common Swedish nursery rhymes); Talking (four videos of a woman saying common
Swedish rhyme verses); and Still (four videos of a woman smiling). In all videos, a woman
was centered in the video and the background was grey (there were two women, each of them

contributing equally to all conditions). The length of the videos ranged from 4 to 12 seconds.
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Data were analyzed using custom scripts written in MATLAB (available upon request).
Because the dependent measures were measures of accumulated looking time, we did not
apply fixation filters (Kennedy et al., 2017). After data collection was finished, the data from
the additional 5-point calibration video were evaluated via ocular inspection, and a simple
linear transformation of data was performed when linear drifts were detected (using custom
MATLAB scripts). Then, the total amount of looking time at the screen for each trial was
calculated. Areas of interest (AOls, i.e., face, eyes, and mouth) were created to move
dynamically in coordination with the stimuli (using custom scripts in MATLAB), and were
validated using visual inspection of their coordinates superimposed on the video stimuli. The
face AOI was an ellipse with a horizontal radius of 200 pixels and a vertical radius of 280
pixels. Both the mouth AOI and eyes AOI were rectangles, 200x100 pixels and 310x100

pixels, respectively (https://www.smasyskon.se/stimuli).

Our primary dependent variable was the eye-mouth-index (EMI), which was calculated as the
mean amount of gaze in the eyes AOI, divided by the mean amount of gaze to both the eyes
AOI and the mouth AOI (i.e., 1 = only eyes looking; 0 = only mouth looking). The reason for
using data from both the eyes and mouth region in the same metric (rather than separate
them) is partly due to the use of the eye-mouth-index in earlier studies (Young et al., 2009).
In addition, the eye-mouth-index is independent of differences in total gaze or stimuli
duration. Constantino and colleagues (Constantino et al., 2017) did not report the EMI in
their study, but instead reported separately preference for eyes and preference for mouth
(each relative to the whole screen). Because infants tend to look predominantly at the eyes
and the mouth when looking at a face, these two measures are highly and inversely
correlated; hence, the current eye-mouth-index can be seen as largely analogous to the

information reflected in the two measures reported in Constantino et al. (Constantino et al.,
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2017). Indeed, Constantino and colleagues reported that looking time in these two areas
represented around 80% of infants’ looking time to the stimuli when observing videos with a
single face included (the type of stimulus used for heritability estimation in their study). To
verify that the infants focused mostly on the mouth and eyes region (instead of other regions
of the face, e.g., chin or nose) we created an aggregated heatmap of gaze data inside the face
AOI from all infants for all trials, which shows that the eyes and mouth were the primary
regions of interest (https://www.smasyskon.se/stimuli). Further, we concluded that the eyes
and mouth AOIs combined made up 75% of the gaze data towards the face (Table 1). See

Fig. S1 for the distributional properties of the EMI.

We then implemented steps to exclude trials based on general distribution properties.
Specifically, using the results from infants with good calibration data (including after linear
transformation), we obtained the values for the 10" percentile for time spent looking at the
screen, the 10™ percentile for the ratio of looking at the face (relative to the screen) and the
15" percentile for the ratio of looking at the eyes and mouth combined (relative to the face)
for each trial. If on a particular trial a participant was below one of these cut-offs or looked at
the screen for a total of less than 1000 milliseconds, the trial was considered to be invalid,
regardless of the classification of the calibration. Infants with at least four valid trials (from
any condition) were included in further analyses. The number of included trials was not

significantly associated with the EMI (r = .017, p =.699, N = 535).

In all three conditions, on group level, the infants preferred looking at the eyes (mean EMI
singing condition = .71, SD = .32; mean EMI talking condition = .67, SD = .33; mean EMI
still condition = .75, SD = .31). Because the phenotypic correlations between the three

conditions were high (.871 —.925), we created one variable consisting of data from all infants
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with at least four valid trials (from any condition) and used this variable in all further

analyses.

Parent-rated questionnaires: At 5 months, parents filled in the questionnaire version of the
Vineland Adaptive Behavior Scales (Sparrow & Cicchetti, 1985). It is a standardized measure
of adaptive behaviors across four domains. We used the standard scores for Communication
and Socialization to measure socio-communicative behaviors at a concurrent age as the eye-
mouth-index task.

The MacArthur Communicative Development Inventory, CDI (Fenson et al., 1993). is a
parent-rated questionnaire that assesses early language development and was administered at
14 months (the Words and Gestures form) and 24 months (the Words and Sentences form).
As a measure of expressive vocabulary at 14 months, we used the total raw word production
score, which is the number of words (out of 370 words) that the infant can produce. Parents
also reported whether the infant could understand but not produce the words, which is
summarized as the total comprehension score. This score was used as a measure of receptive
vocabulary. At 24 months, we used the vocabulary checklist score as a measure of expressive
vocabulary.

The CSBS DP Infant Toddler Checklist, ITC (Wetherby & Prizant, 2002), is a 24-item
parent-rated questionnaire, used to identify children with any type of communication delay,
including ASD. Lower scores indicate a higher degree of socio-communicative delays. It was
administered at 14 months, and we used the total score as a measure of socio-communicative
behaviors linked to ASD.

The Quantitative Checklist for Autism in Toddlers, Q-CHAT (Allison et al., 2008), is a

normally distributed quantitative measure of autistic traits, which consists of 25 parent-rated
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items scored on a 5-point scale (0-4) and was administered at 24 months. The scores from all

items are summed to obtain a total score, where higher scores indicate more autistic traits.

Experimenter-rated developmental assessment: The Mullen Scales of Early Learning, MSEL
(Mullen, 1995), was administered by an experimenter at 5 months. This is a standardized
assessment commonly used in many areas of psychology as a measure of cognitive
development. The MSEL consists of five subscales (gross motor, fine motor, visual reception,
receptive language, and expressive language). See Table S2 for descriptive statistics on

parent-rated questionnaires and the experimenter-rated developmental assessment.

Statistical analyses

An analysis plan was pre-registered in OSF (https://osf.i0/s8y74/) after data collection but
prior to data analysis. We used a univariate twin model to estimate the genetic and
environmental contribution to variation in eye-mouth-index. The sources of variation in a
trait can be divided into genetic influences (A; heritability), shared environment (C; e.g.,
family environment), and unique environment (E; i.e., environmental influences that makes
twins different from each other, including measurement error). Since monozygotic (MZ)
twins share 100% of their segregating DNA, while dizygotic (DZ) twins on average share
50% of their segregating DNA, a higher within pair similarity among MZ twin than DZ twins
suggests genetic contribution to a trait. The overall EMI score was used for the univariate
twin model as well as all further analyses. Sex and age were incorporated as covariates. Data
analysis was performed in R 3.6.3 (R Team, 2017), and model fitting was performed through

maximum likelihood optimization with OpenMx, version 2.17.2 (Neale et al., 2016).
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Associations between EMI at 5 months and vocabulary at 14 months using the CDI and
socio-communicative behaviors at 14 months using the ITC were calculated using the robust
sandwich estimator in generalized estimating equations (GEE) in order to account for the
correlation between twins in a pair (Carlin, Gurrin, Sterne, Morley, & Dwyer, 2005). The

variables used in these phenotypic associations were regressed on age and sex before further

analyses.
Results
Number of twins Mean (SD) Skewness  Kurtosis
MZ DZ MZ MZ DZ DZ
Males Females Males  Females
N females (%) 139 118 - - - - - -
(46.6%)  (49.8%)
Age (in days)? 298 237 167.2 167.8 167.3 168.0 .55 41
8.1) (8.8) (9.6) (8.5)
Total EMI score 298 237 758 .694 .693 .684 -.99 -.40
(.283) (.324) (.323) (.314)
Ratio of viewing face 298 237 955 954 955 .959 -97 78
relative to screen® (.024) (.024) (.024) (.022)
Ratio of viewing 298 237 747 742 758 745 -.11 -43
eyes+mouth relative to face® (.099) (.104) (.088) (.108)

Table 1. Descriptive statistics.
@ 4 twin pairs differed in age, in these cases the mean age was used
b Ratio of viewing face relative to whole screen, averaged over all valid trials

¢ Ratio of viewing eyes and mouth relative to face, averaged over all valid trials

Genetic analyses

The twin correlations for the EMI score were higher for monozygotic twins than dizygotic
twins (rMZ = .55, 95% CI: .42, .65; tDZ = .34, 95% CI: .16, .49), suggesting genetic
influence. A fully saturated model was fitted in order to test the assumptions of equality of
means and variances across zygosity and twin order (see Table S3 for details). Based on the

twin correlations, we fitted an ACE model, along with AE, CE, and E models for comparison.

10
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Based on the likelihood-ratio test and the AIC value, the best fitting model was an AE model,
where the shared environment component was dropped. The AE model’s estimates suggested
a moderate-to-high heritability of the preference for looking at eyes versus mouth (A =.57;
95% CI: .45, .66), with a moderate contribution of non-shared environment (E = .43; 95% CI.:
.34, .55). Further, we tested the association between EMI and polygenic scores for autism
spectrum disorder, educational attainment, and 1Q. None of these associations were

statistically significant (Table S1).

11
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Model -2LL # df AIC Comparison Ay2 Adf p A C E
parameters model

Fully sat. 199.46 12 523 -846.54 - - - - - - -

ACE 202.76 6 529 -855.24 Fully sat. 3.29 6 a7 47 .09 44

AE 203.01 5 530 -856.99 ACE 0.25 1 .61 57 - 43

CE 209.21 5 530 -850.79 ACE 6.45 1 .01 - 45 .55

E 263.27 4 531 -798.73 ACE 60.51 2 <.01 - - 1

Table 2. Univariate twin model of the eye-mouth-index.

-2LL: Fit statistic, the lower the better fitting is the model

df: Degrees of freedom

AIC: An alternative fit index, lower value denotes better model fit

A y2: Difference in —2LL statistic between two models, distributed y2
A df: Difference in degrees of freedom between two models
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Longitudinal phenotypic associations

Contrary to the hypothesis, a trend towards a positive association was found between the EMI
and the CDI production score (f =.10; 95% CI: -.01, .21; p = .064; N = 419). However, the
production score from the CDI had a considerable floor effect, reflecting the fact that most
infants produced none or only a few words. Therefore, in a deviation from the pre-registered
plan, we analyzed the CDI comprehension score as well, which showed a statistically significant
positive association with EMI (B =.16; 95% CI. .05, .27; p < .01; R?=.03; N =419). No
significant association was found between autistic traits (the total score on ITC) and the EMI (3

=.08; 95% CI: -.03, .19; p=.175; N = 418).

Secondary phenotypic analyses

In light of the results above, we conducted a series of follow up analyses, to probe the degree of
independence of the EMI measure from other concurrent developmental domains, and of the
specificity of the association between EMI and language development at 14 months. First, we
tested the association with expressive vocabulary at 24 months (this time point was excluded
from the original pre-registration due to the increasing attrition rate with age). This measure was
not associated with the EMI at 5 months (B =.02; 95% CI: -.11, .15; p =.783; N = 341; CDI at
24 months does not include a comprehension score), suggesting that the link may be specific to
parental ratings of verbal competence in early toddlerhood. Second, we followed up the negative
finding regarding autistic traits at 14 months (ITC) by analyzing scores on the Quantitative
Checklist for Autism in Toddlers (Q-CHAT) at 24 months, and again, no significant association
was detected (B =-.02; p = .696; N = 343). Next, we tested whether the EMI was associated with
general development and socio-communicative behavior at 5 months using the Mullen Scales of

Early Learning (MSEL; a standardized assessment of cognitive development consisting of five

\S]
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subscales: gross motor, fine motor, visual reception, receptive language, and expressive
language) and the Vineland Adaptive Behavior Scales (a standardized measure of adaptive
behavior from which we used the Communication domain and the Socialization domain). We
found no significant association between the EMI and any of these concurrent measures,

suggesting that EMI is a highly independent heritable phenotype in early infancy (Table S4).

Finally, we tested the specificity of the association between EMI and 14-month language
comprehension in light of the other concurrent 5-month measurements available. A GEE analysis
with multiple predictors showed that experimenter ascertained gross motor ability (MSEL gross
motor scale at 5 months), parental ratings of social skills (Vineland Socialization scale at 5
months) and the EMI (5 months) all had unique contributions to the CDI comprehension ratings

at 14 months (Table 3).

Beta 95% CI1 p

EMI 13 .03; .22 011
MSEL

Gross motor 12 .01; .23 040
Visual reception .08 -.03; .18 138
Fine motor .02 -.08; .12 .672
Receptive language .01 -.08; .10 816
Expressive language .01 -.09; .11 .897
Vineland

Communication 12 -.00; .24 .059
Socialization .19 .06; .32 003

Table 3. A GEE analysis with receptive vocabulary (language comprehension) at 14 months as
outcome variable, including eight predictors measured at 5 months (n = 401).

CDI: Communicative Development Inventory (Words and Gestures form)
EMI: Eye-Mouth-Index

MSEL: Mullen Scales of Early Learning

Vineland: Vineland Adaptive Behavior Scales
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Discussion

This study demonstrates that individual differences in young infants’ preference for specific parts
of others’ faces (specifically the preference for eyes versus mouth, EMI) to a large extent can be
explained by genotypic differences. The contribution of non-shared environment (which also
includes error of measurement) was moderate, while shared environment does not appear to
influence infant social viewing in this context. Our finding indicates that before infants can select
their environment by means of crawling or walking, they select aspects of the environment that
they look at largely based on their individual genotypes; i.e. a type of active gene-environment

correlation operating at short time scales via gaze behavior (Kennedy et al., 2017).

We found that eye versus mouth preference was highly correlated (~.9) across conditions. Thus,
it appears that individual differences in EMI at this age were largely independent of the exact
stimulus properties such as movement and audio-visual synchrony (that differed between the
conditions), a finding which is in line with the patterns of results observed by Constantino et al.
in toddlers (Constantino et al., 2017). Possibly, infants may use basic invariant face properties as
a basis for their preference, such as face-like configurations “eyes over mouth”, to which infants
are sensitive from very early on (Quinn & Tanaka, 2009; Schwarzer, Zauner, & Jovanovic,

2007).

Eye preference did not correlate with other concurrent traits assessed in the study, including
developmental domains directly assessed by the experimenter (motor, perceptual,
communication) as well as parent-rated skills (social communication). This suggests that eye
versus mouth preference at five months reflect a highly independent, and strongly heritable,

socio-attentional trait.
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We found that preference for the eyes at five months was positively correlated with parents’
assessment of vocabulary at 14 months, measured with the CDI. This result is somewhat
surprising given previous research showing an association between large vocabulary and a
preference for looking at the mouth (Tenenbaum et al., 2015; Young et al., 2009). It is notable,
however, that we assessed EMI at slightly earlier age compared to previous reports. At around
five months, infants learn to follow other people’s gaze (Del Bianco, Falck-Ytter, Thorup, &
Gredeback, 2019), which is known to facilitate word learning (by following gaze, infants will
attend to the same things as their caregivers, and hence more quickly understand what they refer
to when they name objects and events). Thus, our results indicate that at this early age, attending
to cues relevant for joint attention is more important for later language, than attending to speech

cues linked to the mouth.

It is notable that eye preference predicted parents’ ratings of language comprehension over and
above variance captured by other scales at 5 months, suggesting high specificity. Further, eye
looking seems to specifically predict ratings of language ability in early toddlerhood, while
associations with ratings at 24 months were non-significant. This pattern is consistent with the
concept of equifinality in development (Cicchetti & Rogosch, 1996): while infants who attend to
the mouth rather than eyes may have a temporary disadvantage in terms of vocabulary
development, over time they catch up. Such diversity in developmental pathways (which may be
differentially adaptive in different contexts) may also help explain why the genetic variance has

remained in the population.
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A limitation of our protocol is the reliance on parental ratings of language development in
toddlerhood and early childhood. However, the CDI scores have been shown to be stable over
time and associated with later language ability (Berglund & Eriksson, 2000; Eriksson, 2001;
Fenson et al., 1993, but see Houston-Price, Mather, & Sakkalou, 2007). In addition to differences
in true ability, CDI ratings may reflect parents’ perception of ability. Infants’ eye movements are
visible to others — where they look in the face may also influence their parents’ impression of
them (Constantino et al., 2017; Kennedy et al., 2017). Nevertheless, the results are important
because they demonstrate that a heritable trait in infancy predict how caregivers perceive their

offspring’s competence almost a year later.

The lack of association between the EMI and later socio-communication difficulties is consistent
with the results of Constantino et al. (2017) who found that toddlers with ASD did not have an
atypical preference for the eyes versus the mouth, but rather looked less at both these areas when
observing complex scenes with multiple competing objects (the ASD sample was only tested
using complex stimuli with multiple people and objects). What may be most pronounced in ASD
(or in individuals with high autistic traits) is not atypical eye versus mouth preference, but
reduced attention to faces overall (Dewaele, Demurie, Warreyn, & Roeyers, 2015; Guillon et al.,
2016; Shic, Macari, & Chawarska, 2014). To the best of our knowledge, no study has yet
investigated heritability of face preference at any age. Thus, this should be a high priority for

future studies.

The high heritability and specificity of the eye (vs mouth) preference found at five months in this
study raises the question of to what extent other brain and behavioural traits are equally heritable

early in life, and to what extent those genetic factors are general or phenotype specific. Our
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results point to the promise of combining genetically informed designs with state-of-the-art

infant research technology.

Acknowledgments

The authors thank all participating families, as well as researcher Pidr Nystrom and research
assistants Linnea Hamrefors, Joy Hittestrand, Lynnea, Myers, Johanna Kronqvist, Sofia Jonsson,
Anna Kernell, Carolin Schreiner, Sophie Lingd, Angelinn Liljebick, Isabelle Enedahl, Matthis
Andreasson, Lisa Belfrage, Mattias Savallampi, Isabelle Ocklind and Hjalmar Nobel Norrman.

The genotyping was done at the SNP&SEQ Technology Platform, Uppsala University.

Funding
Swedish Research Council, grant 2018-06232 (TFY)

Riksbankens Jubileumsfond in collaboration with the Swedish Collegium for Advanced Study

(TFY)
Knut and Alice Wallenberg Foundation (TFY)

Innovative Medicines Initiative 2 Joint Undertaking under grant agreement No 777394. This
Joint Undertaking receives support from the European Union’s Horizon 2020 research and

innovation programme and EFPIA and AUTISM SPEAKS, Autistica, SFARI. (TFY)

Author contributions
The hypotheses and goals of this study were conceptualized by C.V, AM.P, M.R., P.N, A.R. and
T.F-Y. Data were analyzed by C.V, with input from A.M.P, M.J.T, A.R, M.S.S, and T.F-Y.

7


https://doi.org/10.1101/2021.10.23.465424
http://creativecommons.org/licenses/by-nc-nd/4.0/

Submitted Manuscript: Confidential
Template revised February 2021

Software was programmed by P.N, M.J.T, and C.V. Polygenic scores were derived by D.L and
K.T. The research was supervised by T.F-Y. C.V and T.F-Y drafted the manuscript, and all of

the authors reviewed, edited, and approved the final manuscript for submission.

Competing interests

Authors declare that they have no competing interests.

Data and materials availability

Available upon reasonable request to corresponding author. Note that sharing of pseudonymized

personal data will require a data processor agreement (DPA), according to Swedish and EU law.

References

Allison, C., Baron-Cohen, S., Wheelwright, S., Charman, T., Richler, J., Pasco, G., & Brayne, C.
(2008). The Q-CHAT (Quantitative CHecklist for autism in toddlers): A normally
distributed quantitative measure of autistic traits at 18-24 months of age: Preliminary
report. Journal of Autism and Developmental Disorders, 38(8), 1414-1425.
doi:10.1007/s10803-007-0509-7

Amso, D., & Scerif, G. (2015). The attentive brain: insights from developmental cognitive
neuroscience. Nature Reviews Neuroscience, 16(10), 606-619. doi:10.1038/nrn4025

Berglund, E., & Eriksson, M. (2000). Communicative development in Swedish children 16-28
months old: The Swedish early communicative development inventory-words and
sentences. Scandinavian Journal of Psychology, 41(2), 133-144. doi:Doi 10.1111/1467-
9450.00181

Calder, A.J., Lawrence, A. D., Keane, J., Scott, S. K., Owen, A. M., Christoffels, 1., & Young,
A. W. (2002). Reading the mind from eye gaze. Neuropsychologia, 40(8), 1129-1138.
doi:Pii S0028-3932(02)00008-8

Carlin, J. B., Gurrin, L. C., Sterne, J. A. C., Morley, R., & Dwyer, T. (2005). Regression models
for twin studies: a critical review. International Journal of Epidemiology, 34(5), 1089-
1099. doi:10.1093/ije/dyi153


https://doi.org/10.1101/2021.10.23.465424
http://creativecommons.org/licenses/by-nc-nd/4.0/

Submitted Manuscript: Confidential
Template revised February 2021

Chita-Tegmark, M. (2016). Attention Allocation in ASD: a Review and Meta-analysis of Eye-
Tracking Studies. Review Journal of Autism and Developmental Disorders, 3(3), 209-
223. doi:10.1007/s40489-016-0077-x

Cicchetti, D., & Rogosch, F. A. (1996). Equifinality and multifinality in developmental
psychopathology. Development and psychopathology, 8(4), 597-600.

Conejero, A., & Rueda, M. R. (2017). Early Development of Executive Attention. Journal of
Child & Adolescent Behavior, 5(2). doi:10.4172/2375-4494.1000341

Constantino, J. N., Kennon-McGill, S., Weichselbaum, C., Marrus, N., Haider, A., Glowinski, A.
L.,...Jones, W. (2017). Infant viewing of social scenes is under genetic control and is
atypical in autism. Nature, 547(7663), 340-+. doi:10.1038/nature22999

de Boisferon, A. H., Tift, A. H., Minar, N. J., & Lewkowicz, D. J. (2017). Selective attention to a
talker's mouth in infancy: role of audiovisual temporal synchrony and linguistic
experience. Developmental Science, 20(3). doi: ARTN e1238110.1111/desc.12381

Del Bianco, T., Falck-Ytter, T., Thorup, E., & Gredeback, G. (2019). The Developmental
Origins of Gaze-Following in Human Infants. Infancy, 24(3), 433-454.
doi:10.1111/infa. 12276

Dewaele, N., Demurie, E., Warreyn, P., & Roeyers, H. (2015). Social information processing in
infants at risk for ASD at 5 months of age: The influence of a familiar face and direct
gaze on attention allocation. Research in Autism Spectrum Disorders, 17, 95-105.
doi:10.1016/j.rasd.2015.06.006

Eriksson, M. (2001). Narratives validate Communicative Development Inventories. Applied
Psycholinguistics, 22(1), 45-60. doi:Doi 10.1017/S0142716401001035

Falck-Ytter, T., Hamrefors, L. 1., Siqueiros Sanchez, M., Portugal, A. M., Taylor, M., Li, D., . ..
Ronald, A. (2021). The Babytwins Study Sweden (BATSS): A Multi-Method Infant
Twin Study of Genetic and Environmental Factors Influencing Infant Brain and
Behavioral Development. Twin Research and Human Genetics, 24(4), 217-227.
doi:10.1017/thg.2021.34

Falck-Ytter, T., & von Hofsten, C. (2011). How special is social looking in ASD: A review.
Gene Expression to Neurobiology and Behavior: Human Brain Development and
Developmental Disorders, 189, 209-222. doi:10.1016/B978-0-444-53884-0.00026-9

Farroni, T., Menon, E., & Johnson, M. H. (2006). Factors influencing newborns' preference for
faces with eye contact. Journal of Experimental Child Psychology, 95(4), 298-308.
doi:10.1016/j.jecp.2006.08.001

Fenson, L., Dale, P. S., Reznick, J. S., Thal, D., Bates, E., Hartung, J. P., . . . Reilly, J. S. (1993).
The MacArthur Communicative Development Inventories: User’s guide and technical
manual. San Diego, CA: Singular Publishing Group.

Frank, M. C., Amso, D., & Johnson, S. P. (2014). Visual search and attention to faces during
early infancy. Journal of Experimental Child Psychology, 118, 13-26.
doi:10.1016/j.jecp.2013.08.012

Frank, M. C., Vul, E., & Johnson, S. P. (2009). Development of infants' attention to faces during
the first year. Cognition, 110(2), 160-170. doi:10.1016/j.cognition.2008.11.010

Frank, M. C., Vul, E., & Saxe, R. (2012). Measuring the Development of Social Attention Using
Free-Viewing. Infancy, 17(4), 355-375. doi:10.1111/;.1532-7078.2011.00086.x

Gliga, T., Elsabbagh, M., Andravizou, A., & Johnson, M. (2009). Faces Attract Infants' Attention
in Complex Displays. Infancy, 14(5), 550-562. doi:10.1080/15250000903144199

Guillon, Q., Roge, B., Afzali, M. H., Baduel, S., Kruck, J., & Hadjikhani, N. (2016). Intact
perception but abnormal orientation towards face-like objects in young children with
ASD. Scientific Reports, 6. doi:ARTN 2211910.1038/srep22119

9


https://doi.org/10.1101/2021.10.23.465424
http://creativecommons.org/licenses/by-nc-nd/4.0/

Submitted Manuscript: Confidential
Template revised February 2021

Hendry, A., Johnson, M., & Holmboe, K. (2019). Early Development of Visual Attention:
Change, Stability, and Longitudinal Associations. Annual Review of Developmental
Psychology, 1,251-275. doi:https://doi.org/10.1146/annurev-devpsych-121318-085114

Houston-Price, C., Mather, E., & Sakkalou, E. (2007). Discrepancy between parental reports of
infants' receptive vocabulary and infants' behaviour in a preferential looking task. Journal
of Child Language, 34(4), 701-724. doi:10.1017/S0305000907008124

Jones, W., & Klin, A. (2013). Attention to eyes is present but in decline in 2-6-month-old infants
later diagnosed with autism. Nature, 504(7480), 427-+. doi:10.1038/nature 12715

Kennedy, D. P., D'Onofrio, B. M., Quinn, P. D., Bolte, S., Lichtenstein, P., & Falck-Ytter, T.
(2017). Genetic Influence on Eye Movements to Complex Scenes at Short Timescales.
Current Biology, 27(22), 3554-+. d0i:10.1016/j.cub.2017.10.007

Kwon, M. K., Setoodehnia, M., Baek, J., Luck, S. J., & Oakes, L. M. (2016). The Development
of Visual Search in Infancy: Attention to Faces Versus Salience. Developmental
Psychology, 52(4), 537-555. doi:10.1037/dev0000080

Lewkowicz, D. J., & Hansen-Tift, A. M. (2012). Infants deploy selective attention to the mouth
of a talking face when learning speech. Proceedings of the National Academy of Sciences
of the United States of America, 109(5), 1431-1436. doi:10.1073/pnas.1114783109

Mullen, E. M. (1995). Mullen Scales of Early Learning. . Circle Pines, MN: American Guidance
Service Inc. .

Neale, M. C., Hunter, M. D., Pritikin, J. N., Zahery, M., Brick, T. R., Kirkpatrick, R. M., . ..
Boker, S. M. (2016). OpenMx 2.0: Extended Structural Equation and Statistical
Modeling. Psychometrika, 81(2), 535-549. d0i:10.1007/s11336-014-9435-8

Quinn, P. C., & Tanaka, J. W. (2009). Infants' Processing of Featural and Configural Information
in the Upper and Lower Halves of the Face. Infancy, 14(4), 474-487. doi:Pii
91337972610.1080/15250000902994248

Robinson, E. B., Koenen, K. C., McCormick, M. C., Munir, K., Hallett, V., Happe, F., . . .
Ronald, A. (2011). Evidence That Autistic Traits Show the Same Etiology in the General
Population and at the Quantitative Extremes (5%, 2.5%, and 1%). Archives of General
Psychiatry, 68(11), 1113-1121. Retrieved from <Go to ISI>://W0S:000296649800006

Robinson, E. B., St Pourcain, B., Anttilal, V., Kosmicki, J., Bulik-Sullivan, B., Grove, J., . ..
Grp, L.-S.-B. A. (2016). Genetic Risk for Autism Spectrum Disorders and
Neuropsychiatric Variation in the General Population. Biological Psychiatry, 79(9), 296s-
297s. Retrieved from <Go to ISI>://W0OS:000432440804042

Ronald, A., Happe, F., Bolton, P., Butcher, L. M., Price, T. S., Wheelwright, S., . . . Plomin, R.
(2006). Genetic heterogeneity between the three components of the autism spectrum: A
twin study. Journal of the American Academy of Child and Adolescent Psychiatry, 45(6),
691-699. doi:10.1097/01.chi.0000215325.13058.9d

Schwarzer, G., Zauner, N., & Jovanovic, B. (2007). Evidence of a shift from featural to
configural face processing in infancy. Developmental Science, 10(4), 452-463.
doi:10.1111/.1467-7687.2007.00599.x

Shic, F., Macari, S., & Chawarska, K. (2014). Speech Disturbs Face Scanning in 6-Month-Old
Infants Who Develop Autism Spectrum Disorder. Biological Psychiatry, 75(3), 231-237.
doi:10.1016/j.biopsych.2013.07.009

Sparrow, S. S., & Cicchetti, D. V. (1985). Diagnostic Uses of the Vineland Adaptive-Behavior
Scales. Journal of Pediatric Psychology, 10(2), 215-225. doi:DOI
10.1093/jpepsy/10.2.215

10


https://doi.org/10.1146/annurev-devpsych-121318-085114
https://doi.org/10.1101/2021.10.23.465424
http://creativecommons.org/licenses/by-nc-nd/4.0/

Submitted Manuscript: Confidential
Template revised February 2021

Team, R. C. (2017). R: A language and environment for statistical computing [Computer
software manual]. Vienna, Austria: R Foundation for Statistical Computing. Retrieved
from http://www.R-project.org/

Tenenbaum, E. J., Shah, R. J., Sobel, D. M., Malle, B. F., & Morgan, J. L. (2013). Increased
Focus on the Mouth Among Infants in the First Year of Life: A Longitudinal Eye-
Tracking Study. Infancy, 18(4), 534-553. doi:10.1111/5.1532-7078.2012.00135.x

Tenenbaum, E. J., Sobel, D. M., Sheinkopf, S. J., Shah, R. J., Malle, B. F., & Morgan, J. L.
(2015). Attention to the mouth and gaze following in infancy predict language
development (vol 42, pg 1173, 2014). Journal of Child Language, 42(6), 1408-1408.
doi:10.1017/S0305000915000501

Tsang, T., Atagi, N., & Johnson, S. P. (2018). Selective attention to the mouth is associated with
expressive language skills in monolingual and bilingual infants. Journal of Experimental
Child Psychology, 169, 93-109. doi:10.1016/j.jecp.2018.01.002

Wagner, J. B, Luyster, R. J., Yim, J. Y., Tager-Flusberg, H., & Nelson, C. A. (2013). The role of
early visual attention in social development. International Journal of Behavioral
Development, 37(2), 118-124. doi:10.1177/0165025412468064

Wetherby, A., & Prizant, B. (2002). Communication and Symbolic Behaviour Scales
Developmental Profile- First Normed Edition. Baltimore, MD: Paul H. Brookes.

Yehia, H., Rubin, P., & Vatikiotis-Bateson, E. (1998). Quantitative association of vocal-tract and
facial behavior. Speech Communication, 26(1-2), 23-43. doi:Doi 10.1016/S0167-
6393(98)00048-X

Young, G. S., Merin, N., Rogers, S. J., & Ozonoff, S. (2009). Gaze behavior and affect at 6
months: predicting clinical outcomes and language development in typically developing
infants and infants at risk for autism. Developmental Science, 12(5), 798-814.
doi:10.1111/.1467-7687.2009.00833.x



http://www.r-project.org/
https://doi.org/10.1101/2021.10.23.465424
http://creativecommons.org/licenses/by-nc-nd/4.0/

