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S.01 Early Life Stress and the Infant Gut Microbiome
Gerry Giesbrecht !, Jakub Kreisinger 2, Marcel Van De Wouw 3, Carolina De Weerth *, Marie-Claire
Arrieta 3

1 University of Calgary, 2 Charles University, 3 University of Calgary, * Radboud University Medical Center

Summary

This symposium will examine biological embedding of early life stress in the infant gut microbiome.
Drawing upon two European and two North American cohorts, we examine associations between
exposure to prenatal and early life stress in relation to the composition and function of the infant gut
microbiome. Presentations consider factors such as different kinds of stressor, the timing of stress
exposure during gestation and early life, the effects of extreme prematurity, the effects of exogenous
corticosteroids, and the effects of a skin-to-skin intervention. Across the four studies, the findings
suggest that different early life exposures (both positive and negative) have different implications for the
early life gut microbiome. Our intention is to engage with a broad audience, including clinicians and
researchers who might be new to the role of the microbiome in infant development.

Details

Abstract 1

Title: Associations between maternal emotions in pregnancy and infant microbiome at six weeks
postpartum

Introduction. Prenatal exposure to maternal negative emotions and stress has been associated with less
optimal neurodevelopmental outcomes and a higher risk of psychiatric problems in children, but the
mechanisms underlying such effects are not yet understood. One possible mechanism is alteration of
infant microbiome. Several studies found that prenatal stress may affect relative abundances of specific
bacterial taxa in infants’ gut microbiota (Zijimans et al., 2015; Aatsinki et al., 2020; Weiss & Hamidi,
2023), but research in this avenue is still emerging.

Hypotheses. We tested the hypothesis that maternal emotions during pregnancy (including depressive
symptoms, anxiety, perceived stress, and positive and negative affect) would predict diversity and
composition of the gut microbiota in infants.

Study population. The sample consisted of 96 low-risk mother-infant pairs. Women aged 24 to 44
(55.6% of them were primiparous) were recruited in early pregnancy during their prenatal medical
checks at two gynecological clinics in Czech Republic, Prague.

Methods. Maternal emotions were measured six times throughout pregnancy (twice in each trimester)
using the Edinburg Postnatal Depression Scale, State-Trait Anxiety Inventory, Perceived Stress Scale, and
Positive and Negative Affect Scale. The scores were averaged for each scale across pregnancy. In the
next step, trimester-specific effects were tested. Infant stool samples for microbiota analysis were
collected at six weeks postpartum. Microbiota was analyzed using amplicon sequencing of the V3-V4
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hypervariable region of the 16S rRNA gene. The sequencing data were then processed into a matrix
representing the relative abundance of each bacterial amplicon sequence variants (ASVs) in each
sample. The effect of maternal emotions on microbial alpha diversity (measured by Shannon index and
ASV richness) was tested by ANCOVA. The effect of maternal emotions on microbiota composition
(assessed by presence/absence-based Jaccard dissimilarities and relative abundance-based Bray-Curtis
dissimilarities in microbiota) was assessed using a distance-based redundancy analysis. Finally, we
calculated the distances between each newborn microbiota sample and the population centriod and
used them as response variables in the ANCOVA, testing the effect of maternal emotions on inter-
individual variation in microbiota composition.

Results. We found no significant effects of maternal emotions in pregnancy on infant microbiota alpha
diversity, composition, or inter-individual variation after adjusting for delivery mode. The results
remained unchanged when analyzing data on emotions separately for individual trimesters. Delivery
mode did not affect infant microbial alpha diversity, however, it was a significant predictor of infant gut
microbiota composition, such that microbiota composition differed in infants born via spontaneous
vaginal delivery (SVD) and emergency cesarean delivery (ECD), but not between those delivered through
SVD and planned cesarean delivery (PCD). In addition, inter-individual variation in gut microbiota was
higher in infants born via SVD compared with ECD or PCD, but there was no difference in gut microbiota
inter-individual variation between infants born by ECD and PCD.

Abstract 2
Title. The Impact of Prenatal Stress on the Composition and Function of the Infant Gut Microbiome

Introduction. Substantial stress exposure during pregnancy results in changes to child physiology (e.g.,
gut microbiome), which may contribute to the biological embedding of prenatal stress in children’s
development. Emerging evidence suggests that prenatal stress impacts the composition of the infant gut
microbiome but it is unclear how different types of stress (i.e., objective, subjective) affect the infant gut
microbiome. Furthermore, most previous studies have only investigated how the composition of the gut
microbiome is affected, without assessing the metabolites associated with the gut microbiome. This is
important because many gut bacteria impact human physiology through the metabolites they secrete.
The aim of this study is to investigate how different types of prenatal stress impact the infant gut
microbiome and stool metabolome.

Methods. Pregnant participants were recruited during the first year of the COVID-19 pandemic. Prenatal
measures of Pandemic Objective Hardship (POHI) and subjective mental health outcomes, such as
anxiety symptoms (PROMIS) and depression symptoms (EPDS), were quantified. Stool samples were
collected from infants at 3 months of age and analyzed for gut microbiome composition using
metagenomic shotgun sequencing, and microbiome function using mass spectrometry (n=878).
Spearman correlations were used to investigate the impact of prenatal stress on the infant gut
microbiome and individual metabolites. MetaboAnalyst was used to investigate the impact of prenatal
stress on stool metabolic pathways.

Results. POHI correlated positively with the diversity of the infant gut microbiome and 15 bacterial taxa
(Figure 1), whereas no impact of subjective distress on the gut microbiome was detected. POHI also
correlated with 51 of the 154 detected stool metabolites, which were implicated in metabolic pathways
related to lipid, carbohydrate and bile acid metabolism (Table 1). Prenatal subjective distress was
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associated with 14 stool metabolites. These effects were independent of covariates associated with the
composition of the infant gut microbiome (i.e., breast vs formula feeding, mode of delivery, antibiotic
exposure).

Conclusion. Prenatal objective stress has a greater impact on the infant gut microbiome and
metabolome compared to subjective stress. These data provide novel insights into the potential to
ameliorate the biological embedding of prenatal stress via the gut microbiome.

Abstract 3
Title. Daily Skin-to-Skin Contact Alters Microbiota Development in Healthy Full-Term Infants

Introduction. The gut microbiota plays a crucial role in human development and function. During the
early stages of life, it coevolves with other important systems, such as the immune- and the central
nervous system. The gut microbiota can influence the brain and the immune system via the gut-brain
axis and vice versa, thereby having a long-term impact on the health of the individual. Various
environmental factors influence the development of the gut microbiota, particularly during this sensitive
period early in life. These factors include delivery mode, feeding mode, maternal microbiota, stress, and
antibiotics. Skin to skin (SSC) contact between the mother and her infant can be considered a de-
stressing intervention and previous research indicated that it prolongs the duration of breastfeeding,
besides having benefits for maternal physical and mental wellbeing. In a randomized controlled trial on
the effects of mother-infant SSC in healthy full-term infants, the gut microbiota was obtained as a
secondary outcome measure. We hypothesized that alpha/beta diversity, microbiota maturation, and
bacterial and gut-brain-axis-related functional abundances in microbiota would differ between the
treatment and control group and that SSC infants would show decreased microbiota volatility.

Methods. A total of 116 healthy pregnant women were randomly assigned to either the skin-to-skin
(SSC) or care-as-usual (CAU) groups. The SSC group participants engaged in one hour of daily SSC from
birth to five weeks of age. Stool samples were collected at two, five, and 52 weeks and the V4 region of
the 16S rRNA gene was sequenced.

Results. Results showed that the microbiota composition, bacterial abundance, and predicted functional
pathways differed significantly between the groups. The SSC group exhibited lower microbiota volatility
(Figure 2) during early infancy, and microbiota maturation was slower in the SSC group during the first
year (Figure 3). Our findings suggest that breastfeeding duration may have only partially mediated this
relation.

Conclusions. This study provides evidence that SSC in the first five weeks after birth may influence
microbiota development in healthy full-term infants. To validate and generalize these results, replication
is necessary. Future studies should extend microbiota sampling beyond the first year, include direct
stress measurements to investigate stress as a potential mechanism, and research SSC’s impact on long-
term microbiota maturation trajectories.

Abstract 4

Title. Development of the Preterm Infant Gut Microbiome is Associated with Exposure to Stress-
Inducing Procedures and Antenatal Corticosteroids.
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Introduction. The human gut hosts a diverse multi-kingdom population of microbes, collectively termed
the microbiome. The gut microbiome communicates bi-directionally with the brain via several
mechanisms, forming the gut-brain axis, which is increasingly recognized as having broad contributions
to human development. In animal models, the microbiome has been causally linked to dysregulation of
the hypothalamic-pituitary-adrenal (HPA)-axis in early life; however, clinical research remains lacking.
The HPA-axis is the principal regulator of stress responses through transient release of adrenal
glucocorticoids (e.g., cortisol) to influence numerous physiological processes, such as inflammation. The
relationship between the gut microbiome and stress response programming is of particular interest in
infants born prematurely, as they exhibit distinct microbiome profiles due to higher rates of Caesarean
section delivery, antibiotic use, and exposure to pathogenic microbes relative to term infants.
Simultaneously, preterm infants endure frequent stress-inducing procedures during their prolonged
hospital stays and often suffer from adrenal insufficiency, exhibiting inadequate cortisol secretion in
response to stress or illness. With age, their stress responses can become increasingly maladaptive,
heightening the risk of neurological, immune, and metabolic disorders. Together, this suggests altered
gut-brain communication could play a unique and important developmental role in this population.

Hypothesis. We hypothesize that gut microbiome maturation patterns are bi-directionally associated
with experiences of early-life stress and HPA-axis dysregulation in preterm infants.

Study Population. Data are from a prospective observational cohort examining microbiome
development in infants born preterm (<32 weeks gestational age (GA)). The study includes weekly stool
and urine sample collection in the first 8 weeks of life. Clinical factors (e.g., nutrition, medications,
stress-inducing procedures) are recorded from hospital charts. This work presents findings from the first
41 infants recruited.

Methods. Composition of the bacterial and fungal gut microbiome derived from stool samples was
evaluated by Shallow shotgun and ITS2 sequencing, respectively. Urine cortisol was measured by ELISA.
Ecological (diversity metrics, relative abundance) and multivariate (mixed modelling) analyses were
performed using RStudio.

Results. The preterm microbiome exhibits distinct maturational patterns depending on gestational age
at birth, with infants born extremely preterm exhibiting lower bacterial alpha diversity, higher bacterial
and fungal beta diversity, and higher relative abundances of pathogenic microbes (e.g., Klebsiella,
Escherichia, and Candida) relative to very preterm infants. Generalized linear mixed modeling (Figure 4)
revealed bacterial alpha and beta diversity were positively associated with antenatal corticosteroids and
probiotics use, and inversely associated with stress-inducing (or skin-breaking) procedures. Fungal alpha
diversity was also positively associated with antenatal corticosteroids and inversely associated with
stress-inducing procedures and intrapartum antibiotics. Meanwhile, fungal beta diversity was positively
associated with stress-inducing procedures. No direct relationships were observed between bacterial or
fungal diversity metrics and urine cortisol.

Discussion. Our findings suggest a dynamic relationship exists between gut microbiome maturation and
stress-related factors in preterm infants, with the degree of stress experienced in the first 8 weeks of life
being linked to microbiome composition. Simultaneously, this work highlights the underexplored
relationship between antenatal corticosteroids and the infant microbiome in early life.
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S.02 Infancy in context: Emerging approaches and technologies
Catherine Tamis-Lemonda !, Marc Bornstein 2, Vanessa Lobue 3, Su-Hua Wang * John Franchak >, Ori
Ossmy °, Sam Wass 7, Kathryn Humphreys ®

! New York University, 2 NICHD, 3 Rutgers University, * University of California, Santa Cruz, > University of
California, Riverside, ® Birkbeck, University of London, 7 University of East London, & Vanderbilt University

Details

Abstract 1
Title: Three Questions about Infant Behaviors in Their Natural Environments Asked ... and Answered

This talk asks and answers three questions concerning infants’ behaviors in the natural environment of
the home. Five-month infants were videorecorded for 1 hour, and 13 specific behaviors were
operationalized, micro-coded, and analyzed; they included physical development of balance and
movement; social interaction of looking at mother, smiling, and alert expression; looking, touching, and
mouthing object exploration; nondistress vocalization; and distress expressed via face and voice.
Behaviors were also organized into five overarching domains of physical development, social interaction,
exploration, nondistress vocalization, and distress communication. The three questions concern: (1) the
mean aggregate distributions of infant behaviors; (2) whether and how infant behaviors are similar or
different; and (3) whether and how infant behaviors are organized. These questions were addressed in
two samples: (1) in 796 infants from 11 countries around the world, including Argentina, Belgium, Brazil,
Cameroon, France, Israel, Italy, Japan, Kenya, South Korea, United States and (2) in each of two
contrasting cultural groups in each five of those countries, including urban and rural Argentines,
monolingual and bilingual Belgians, urban and kibbutz Israelis, industrial and agrarian Italians, and
metropolitan and Appalachian U.S. Americans. All infants were first born, healthy and term, and equal
numbers of boys and girls were studied in each sample. Results were parallel in the two samples. In
answer to the first question, the mean highest levels of infants’ balance and movement matched their
chronological age. Infants looked at their mothers the most and smiled the next most. Infants looked at
objects more than they touched objects and touched objects more than they mouthed objects.
Exploration exceeded social interaction. Infants vocalized nondistress a lot and much more than they
vocalized distress or expressed distress in their facial affect. In answer to the second question, culture
main effects emerged for the behavioral domains of physical development, social interaction,
exploration, and nondistress vocalization. Patterns of cultural differences varied with behavioral
domain, and no one culture exceeded or fell behind all other cultures across behavioral domains. By
contrast, rates of infant distress did not differ across cultures. These results support both cultural
specificities and similarities. Theories contrast with respect to coherence of behaviors in infancy. "Stage
theory" predicts coherence, as stages are defined by covariation and organization in behavior. By
contrast, a general biological principle of development asserts the "independence of systems;" different
systems come "on line" at different times and differ in their trajectories of growth. The early ontogenies
of brain regions and sensory systems are "staggered," and "decalages" (unevennesses in development)
occur when infants demonstrate analogous capabilities in one domain but not in another. In answer to
the third question, concerning coherences, among 10 possible correlations across five infant behavior
domains, four were positive and significant (Mr = .14) supporting stage theory, but statistical significance
was powered by the large sample size (N = 796), three more correlations were negative, and as a whole
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infant behavioral domains shared less than 1% of their variance, supporting the modular,
multidimensional, independence-of-systems perspective on infant behaviors.

Abstract 2
Title: Describing the Emotional Environment of the Infant

Emotion understanding—or the set of abilities related to determining the emotions of others—is crucial
for the development of healthy social interactions. Emotion understanding allows us to respond
appropriately to others’ needs, make predictions about social interactions, and even regulate our own
emotional responses effectively. Indeed, children who have better emotion understanding are rated as
more socially skilled by teachers, more likable by peers, and are better able to navigate aggressive
interactions. Likewise, children who have poor emotion understanding tend to be more aggressive,
demonstrate poorer academic achievement, and have more behavioral problems.

Entire research programs have been devoted to studying the mechanisms required for emotion
understanding in infants. However, the development of emotional understanding cannot be fully
understood without an account of the data that are inputted into those mechanisms. In fact, we know
very little about the emotional input infants receive in the real world. Here, we will use an existing
naturalistic dataset to characterize the input for the early development of emotion understanding in
infancy.

Data were coded from the SEEDLings—the Study of Environmental Effects on Developing Linguistic Skills—
corpus. SEEDLings is an existing comprehensive, freely available, and longitudinal corpus of one-hour
video recordings of 44 infants in their homes once a month from 6 to 17 months of age (Bergelson, 2016).
In the videos, infants were wearing a head-mounted camera so that their field of view was visible. To date,
the corpus has only been used to examine questions about language development. Here, we used the
dataset to describe infants’ exposure to emotion information. First, we documented how often infants
see faces, and then coded those faces for emotional expressions. We then transcribed the videos to
identify the emotion language most often used by caregivers.

In the talk, we will present base rate data for the amount of time infants look at faces and for the instances
where they see emotional expressions and hear emotion language during their daily interactions across
time points. Preliminary analyses demonstrate that even at the earliest time point (6mos) faces were
partially visible (some portion of the mouth, nose, or eyes) for an average of 29.1% of the hour-long
session, with fully visible faces available for only an average of 3.4% of the time. Further, data from both
the facial and verbal coding suggest that infants are rarely exposed to stereotypical emotion categories
like fear and anger, and emotion information across participants was instead highly variable, consisting
more commonly of general positive and negative affect than specific discrete emotion categories. Finally,
emotion information is often provided by multiple modalities at the same time. Indeed, infants who heard
more positive emotion language also saw more positive facial expressions (happy, interest) at 6-8 months
(r=.43, p=.004). Altogether, this work provides a new foundation for the development of infants’
emotional understanding, setting the stage for researchers to use natural emotional input as a foundation
for what and how they learn about emotions.

Abstract 3
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Title: Co-Constructing Everyday Learning Opportunities by Infants and Caregivers Across the Second Year
of Life

Everyday activities at home foster strengths for language, socioemotional, and STEM-related domains.
Beginning in infancy, babies and caregivers work together to negotiate involvement in various tasks
(e.g., Zhang et al., 2021). Investigations of the activities that infants participate in illuminate the diversity
of learning contexts and how infants and caregivers co-construct these contexts. The present study,
based on a subset of data from the PLAY project, examined developmental changes to naturally
occurring activities that infants engage in. The study is the first step towards the research agenda to
clarifying the “everyday lived experiences” (Rogoff et al., 2018) necessary for ecologically-valid and
diversity-minded research.

The sample includes 28 mother-infant dyads so far (n =9 at 12 and 18 months, n = 10 at 24 months; 60%
female); data collection is still ongoing. Nineteen mothers identified their infants as White, 7 as Hispanic
or Latine, and 4 as multiracial or other races. They were video-recorded for an hour as dyads went about
their day; mothers filled out the ECBQ-Very Short Form on infant temperament. Nine activities were
observed and coded for frequency and duration. Across age, infants spent substantial time playing with
objects including household items and toys designed for children (M = 26 min).

The results so far revealed distinct patterns across age groups and temperament characteristics. Infants
at 12 months had more meal time than older infants (M = 20 min vs. M = 6 min for 18 and 24 months).
Age differences also merged in the variety of activities: Whereas 12-month-olds engaged mostly in
object play and meals, 18- to 24-month-olds engaged in a greater range of activities. In particular,
household chores (e.g., laundry, cleaning) and book reading increased with age (chores: M = .05 min at
12 months vs. M = 6 min at 18 and 24 months; book reading: M = 0.3 min at 12 months vs. 7 min at 18
and 24 months). Moreover, older infants took more leads in initiating and completing activities.

On temperament, infants higher in effortful control tended to spend more time in household endeavors
regardless of their age. It suggests that infants perceived by mothers as having such characteristics were
more likely to be invited to doing household chores. Although household chores are not designed
specifically for infants, they provide infants with culturally meaningful contexts to learn and collaborate.
No gender difference was observed, U = 83, p = 0.58, n, = 0.01.

In summary, the results so far provide important insights into early learning. In the second year of life,
infants take part in activities in manners that are sensitive to their age and temperament characteristics,
allowing them to co-construct everyday learning opportunities with caregivers.

Abstract 4

Title: Language Interactions in the Home Environment are Rich with Contextual Regularities

Before researchers looked closely at the language experiences of infants in natural settings, and before
they had the tools necessary to capture and annotate behavior and speech in context, they made
assumptions. Language environments were assumed to be impoverished (at one extreme) or complex

and messy (at the other). But that’s not the case. A growing body of research—grounded in infants’
everyday language interactions in the home environment—indicates that speech to infants is rich with
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regularities. In this talk, | present findings on the contextual regularities that characterize infants’
everyday language experiences.

Across four studies, we videorecorded infants and their mothers for 1- to 4-hours per dyad in the home
as they went about their everyday activities (Ns range from 30 to 150+ dyads, English- and Spanish-
speaking families). Videos were transcribed, and utterances were time-locked to videos and annotated
for several features of context. Annotations included: (1) the activity context of the interaction (e.g.,
mealtime, bath time, toy play); (2) the location context of the interaction (e.g., kitchen, bathroom,
bedroom); and (3) the referents of infant-directed speech (e.g., the objects that were the target of talk).

Study 1 shows that everyday activities frame language interactions such that infants are likely to hear
specific words from specific semantic categories during specific routines, with exposure to other
semantic categories being suppressed in that routine. Study 2 shows that everyday routines are tied to
the places & spaces of life: Infants are exposed to specific words in specific rooms and locations (e.g.,
highchair in a kitchen). Study 3 shows that the materials (e.g., household objects, toys) of interactions
shape language input. For example, caregiver talk about “abstract” concepts—namely words that refer
to spatial relations (e.g., up, down, next-to), number, and magnitude and quantifiers (e.g., bigger, small,
more)—occurs in the presence of salient objects and actions that specify word meaning (e.g., hearing
“up on top” as the infant climbs up the couch). At the same specific words are repeated in varied
contexts that challenge infants to extract a word’s invariant meaning based on distinct perceptual
experiences (e.g., hearing “up on top” as well when a cup is placed on a table top). Finally, Study 4
translates insights from home observations to structured tasks by zeroing in on the material context of
language interactions. We show that by manipulating the materials of infant-caregiver play, we alter the
speech that caregivers direct to their infants and likewise the words that infants produce.

Taken together, findings underscore the embodied and embedded nature of infants’ language
experiences. In everyday life, infants are challenged to extract word meaning from speech streams.
Notably, environmental regularities scaffold the learning process. Specifically, the home environment
offers converging redundancies and multiple inroads for infants to break into the speech stream and
connect words to meaning. Infants reliably hear words that align with the activities and locations of
everyday life in an environment filled with cultural artifacts that guide infants’ behaviors, and in turn the
topics of talk.

Abstract 5: Full-day wearable sensor measurements reveal age-related increases in infant
positional variability

Developmental changes in infants’ motor skills opens up new opportunities for exploration. Some
aspects of motor skill change are well-characterized: Over the first year of life, infants spend increasingly
less time supine on their backs and more time sitting and upright as they gain the ability to
independently sit and walk. However, we lack information about whether and how the temporal
structure of motor experiences changes. Gaining the ability to transition between different positions
may allow infants to more frequently switch between positions rather than stay in a single, dominant
position for long periods, which, in turn, may offer more varied exploratory opportunities. Alternatively,
over the course of daily activities (e.g., playing vs. feeding vs. media viewing) caregivers may restrain
infants or otherwise structure movement such that infants’ burgeoning motor skills do not increase local
variability in movement. Thus, the present study aimed to characterize age-related changes in the local
variability of infants’ everyday motor activity across day-long recordings.
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Since it is not feasible to video record and manually code motor activity across an entire day, we
employed a novel inertial sensing method in which infants wore a custom pair of leggings embedded
with sensors at the hips and ankles (Figure 1A). A previously validated machine-learning algorithm
classified whether infants were supine, prone, sitting, or upright based on inertial sensor data (Franchak
et al., in press). Here, we report preliminary data from an ongoing longitudinal study in which infants’
activity was recorded monthly from 4-7 months (18 infants) or from 11-14 months (29 infants), with
data from 101 total sessions. Data collection started in the morning at the earliest time convenient to
the family and lasted until the infant’s bedtime; naps, diaper changes, and excursions out of the house
were noted by the caregiver and excluded. The remaining time provided usable data, ranging from 5.3-
11.9 hours per infant (M = 9.2 hours). We estimated the proportion of time infants spent in each of the
four positions in sliding 10-minute windows across the day.

As in prior work, older infants spent less time supine and more time sitting and upright; prone did not
significantly differ. However, the primary focus was whether a single position dominated each 10-
minute window or whether body position varied. We calculated the proportion of 10-minute windows in
which each infant stayed in the same position versus experienced more than one position. Positional
variability significantly increased with age (Figure 1B): M = 76.6% of older infants’ periods contained
more than one position compared with only M = 57.0% for younger infants. For periods where the infant
stayed in a single position for the entire 10 min, younger infants were most likely supine whereas older
infants were most likely sitting.

Both findings suggest increased opportunities for exploration for older infants. Long bouts of sitting
(compared with supine) are advantageous for visual-manual exploration, and more variable positioning
from moment to moment may offer varied views and access to different places and objects.

Abstract 6: Toy intelligence: Automated monitoring of general movements and natural
object play

Everyday motor actions are more than simple muscle responses to environmental stimulation. They
involve complex sequences of goal-oriented, multi-body-segment movements to perform biologically
adaptive behaviors that reflect critical and foundational components of human cognition.

We examined a novel methodological approach that includes high-frequency behavioral sampling and
advanced quantitative analyses to automatically record infants’ everyday experiences at home using
wearable technology and “intelligent toys” —custom-built objects with embedded sensors to capture
children’s object play based on 3D-reconstruction techniques from geometric robotics.

In a few feasibility projects, infants (0 to 36 months) provided with “wearable technology jumpsuit”
embedded with micro-sensors that capture infant motion, and "intelligent toys" (suitable for a range of
developmental stages in the first year of life) that capture their object use during daily play in their
home. Data from the jumpsuit and the toys were pulled automatically on a near-weekly basis to monitor
parents’ use of those materials. The jumpsuits record 5 minutes of infants’ motion from 8 key joints of
their limbs. The toys capture six degrees of freedom in toy poses for each use.

The power of using the intelligent toy was validated using video recordings of infants at their homes. We
manually coded infants’ general movements and toy manipulations and compared them to the data
from the sensors in the suits and toys. Our algorithms identified how and when the toy was manipulated
with 98% accuracy and were able to capture the general movements identified in the videos.
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Specifically, we evaluated the times of play in each toy, the kinematic variability of play (movement
amplitude, velocity, left-right asymmetry, and inter-limb coordination) and the play variability (the
different ways different toys were used). For the suits, we captured infants’ general movements—
spontaneous, unstructured movements that occur naturally—as assessed in the Prechtl's Method of the
Qualitative Assessment of General Movements which is a well-established diagnostic tool used in early
infancy.

We will also discuss several challenges in testing infants with this state-of-the-art technologies which
include limitations in understanding the situational contexts (e.g., the same movement pattern might
indicate different things depending on whether the infant is tired, playful, or uncomfortable), using
sensors which are typically affixed to specific objects (e.g., missing out on capturing a wide range of
natural movements that occur when using bricks which cannot be intelligent ), and addressing ethical
and privacy concerns (e.g., when others use the toys).

Our findings demonstrate the feasibility of capturing the endless variety of perceptual-motor
experiences of children from birth as they reach for and interact with a variety of objects (differing in
orientation, shape, size, compliance, etc.) in the course of exploration and instrumental use. Our
wearable technology jumpsuit and the intelligent toys promise to pave the way for new research of
developmental disorders using the toys as a clinical instrument.

Abstract 7: Exploring patterns of physical proximity in everyday life of infants

At birth, the human brain is inherently poised to undergo profound shaping through experience.
Caregiver interactions play a pivotal role in experience-dependent learning. However, understanding the
impact of everyday caregiving experiences remains relatively unknown given that past research relied
heavily on laboratory-based assessments, which by necessity cannot capture the complexity of a child's
real-life experiences with multiple caregivers across varied contexts and schedules and across
development.

In the present study, we implement a new wearable device (i.e., the TotTag) to assess patterns of
physical proximity between infants and their parents (mothers and fathers). TotTags use three UWB
antennas and a Bluetooth Low Energy (BLE) radio, plus a battery charging circuit, SD card for data
logging, accelerometer, USB connectivity, and integrated sensor fusion to continuously and
unobtrusively collect time-of-flight information regarding the proximity between devices. The TotTags
capture second-by-second distance estimates within 1-2 inches accuracy with all other devices in a
network. Applied in infant and young children’s everyday lives, this technology may yield new insight
into the interactions with caregivers that are fundamental to child development.

30 families from an ongoing longitudinal study have been enrolled to examine physical proximity among
caregivers of children ages 1, 6, 12, and 18 months. TotTag data from the age 1 month assessment has
been acquired and processed for 16 families (mean infant age = 5.50 weeks, SD = 1.18). At the time of
the ICIS meeting, we anticipate these families will have also completed the age 6 months assessment.

At each study wave, all family members were asked to place TotTags in waist packs (adults) or in a tailor-
made vest with pockets for both a TotTag and a LENA audio recording device (infants) at their morning
wake-up and to remove the TotTags for charging directly following the infant’s bedtime across 4
consecutive days (2 weekend and 2 weekdays).
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We examined time in close contact (<3 ft) between the infant and each parent (if available), patterns
across week vs. weekend days, and associations between time in close proximity and adult word counts
from the LENA audio recordings.

Preliminary findings indicate that birthing parents (mothers) spend more time in close proximity to their
infants (minutes within <3 ft distance) compared to other parents (fathers) on both during weekdays (d
=0.51) and on weekend days (d = 0.43). In terms of family-level differences, infants whose mothers
spent more minutes in close contact with them were exposed to more adult words (r = .33). At this
study wave, our data indicated that both caregivers tended to spend more time in close proximity on
the weekday compared to the weekend (mothers d = 0.48; fathers d = 0.28), and this effect was more
profound for mothers.

This study introduces a new approach to capturing how children’s everyday contact with caregivers
varies across families, context, and age; as well as allows for a child-centered approach to examining
contact with multiple caregivers.

Abstract 8: Exploring automatic ways of measuring caregiving quality during early child-
caregiver home interactions

Numerous lines of evidence suggest that the sensitivity, responsivity and predictability of caregiving
behaviours are strongly predictive of child developmental outcomes (Glynn & Baram, 2019; Vernon-
Feagans et al., 2016). But most of our methods for measuring caregiving quality in humans focuses on
short, video-coded interactions.

This approach brings with it a number of well-recognised problems. Relying on short ‘snapshots’ of
parent-child interaction quality limits the range of questions that we can ask — such as, for example, how
parental sensitivity fluctuates over time, contingent on environmental factors. Video-coded observer
interactions are also subjective and coding is labour-intensive. And parents are, naturally, on ‘best
behaviour’ during a short interaction - when they are aware of being observed, and so do not
necessarily interact with their child as they would do otherwise.

Devices such as the LENA allow for fully automatic, in-depth monitoring of how contingently a caregiver
responds to their child’s vocalisations in home settings. But, beyond there, there currently exist virtually
no techniques that allow us automatically to monitor caregiving quality during early caregiving
interactions. For example, no techniques exist for measuring caregiver vocal and facial affect, how child
displays of vocal and facial affect are mirrored contingently by the caregiver, and for quantifying large
scale predictability vs unpredictability in caregiving behaviours.

To address this, we have developed wearable devices consisting of integrated child- and caregiver-worn
electrocardiogram, actigraph, GPS, caregiver-child proximity sensor, microphone, and camera (Fig 2D-G).
We are using these devices to measure caregiving quality in a variety of different ways:

First, we are using machine learning classifiers to identify cries and neutral vocalisations in the infant
microphone data, and analysing the caregiver physiology data to identify how they upregulate their
physiological arousal in response (Fig 2A). Bootstrapping analyses indicate that caregivers upregulate
their arousal more in response to an infant cry than to a neutral vocalisation (Fig 2H-J) (both ps<.001).
They also suggest that the more caregivers upregulate their own arousal in response to an infant cry, the
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faster the infant soothes in the time window 3-5 minutes following the event (Fig 2K), validating this as a
short-term measure of caregiver responsivity (all corrected ps<.001).

In ongoing work, we are also developing a number of other fully automated ways to measure caregiving
quality remotely. First, we are analysing child- and caregiver-worn cameras using machine learning
classifiers to identify facial expressions in the child and the caregiver (Fig 2B), and using them to examine
features such as reciprocal smiling and affect mirroring. Second, we are analysing child- and caregiver-
worn microphone data using classifiers to identify vocal affect and intensity (Fig 2C), and using this to
examine affect mirroring in vocal behaviours. Third, we are using automatic text transcription to identify
different categories of caregiver response to emotional displays in the child. At the presentation we will
present summaries of progress on all these approaches.

S.03 What can we learn from infant caregiver dyadic play in infants with and without
disabilities
Stacey Dusing *

! University of Southern California

Summary

This symposium will start with a description of the enactive model of play and how it is implemented in
practice. A relationship between a caregiver and an infant can be positively and negatively impacted by
preterm birth and prolonged medical courses. Paper 2 with highlight changes in emotional availability in
response to therapeutic intervention and consider the implications for practice. Measures of play are
often captured during short interactions. Paper 3 will demonstrate the use of wearable sensors to
measure all-day activity and position. The final paper compares the adherence to intervention principles
embedded in play. Together these 4 papers will introduce the participant to a variety of measures used
to quantify the impact of play on development. Theoretical models, manipulation of the timing of
intervention, measurement using sensors and emotional availability will all shed light on how to
maximize development in children with and without disabilities.

Details

Abstract 1 Title: Enactive Understanding of sensory-motor Play and how it applies to Pediatric Physical
Therapy

Abstract 1 Text: Introduction: Sensory-motor play is fundamental in infants’ development of new skills
and how they learn to make sense of themselves and their surroundings. Based on this view, pediatric
physical therapists (PPTs) are encouraged to integrate play into their therapeutic approach. The enactive
theoretical framework can bring new insights into how we understand infants’ sensory-motor play, and
how professionals can use play as a therapeutic tool. In our initial explorations of this field, we
established the concept of ‘enactive therapeutic sensory-motor play’ as an approach in which
therapeutic goals and actions are successfully merged with children’s play. This entails that the PPT must
recognize an infant’s attention and motivation, and simultaneously plan and pursue a therapeutic
strategy as part of engaging, interactive sensory-motor play activities with the infant. The PPT’s choices
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and actions all need to be part of the play, not a disturbance to it. To further explore this knowledge
field, we continue our development of this concept.

Research question: How can further developments of the concept of ‘enactive therapeutic sensory-
motor play’ improve the understanding and theoretical foundation of pediatric physical therapy
practice?

Study population: This study includes interviews of 15 PPTs and observation of 29 therapy sessions with
children aged 0-3. The populations are situated in Norway and the USA.

Methods: This is a qualitative study with a collection of observation and interview data. Each PPT was
observed in treatment sessions together with two children on their caseload. The treatment sessions
were also video recorded. After the sessions, we conducted a semi-structured interview, including
viewing selected clips from sessions for a detailed discussion about the ongoing therapeutic play. The
data is analyzed with an interpretative content analysis approach using NVivo software for sorting of
data. The analysis approach is abductive with connections to enactive theoretical perspectives.

Results: Enactive therapeutic sensory-motor play is further developed with new insights from
observations about how bodily interactions and therapeutic handlings that are mutually incorporated
can enrich the infant’s movement learning. The therapeutic bodily interplay and the PPTs’ subtle guiding
of movement can provide novelty and facilitate the infant’s sense of agency in the self-initiated
exploration and refinement of movement possibilities. In a dynamic bodily dialogue, the infants can
make use of new and additional support surfaces to self-initiate better posture and movement solutions
and reach play goals. The interview material provides new knowledge about the tensions between play
and therapy. The PPTs explain that they find the integration between the two challenging. They feel that
they often fail to connect with and uphold the infant’s play engagement and simultaneously accomplish
their therapeutic goals. Nonetheless, they acknowledge that there is no other way to do therapy with
infants than to have it embedded in play, and with experience, they learn to deal with the unpredictable
and creative way of thinking that is needed to problem solve and find new ways of merging their
therapeutic intention with the infant’s play.

Abstract 2 Title: Developmental Trajectories of Emotional Availability Differ in Parents and Children
with and without Motor Delays

Abstract 2 Text: Introduction. In line with developmental cascades — motor development is often
described as a control parameter for cognitive and language development (Bornstein et al., 2010;
Iverson, 2010). In addition to using motor skills to act and learn — children use motor skills to guide their
play interactions with their parents. In turn — parents use children’s advancing motor skills as a way to
guide the complexity of play. Due to the grounding of children’s early learning and social interactions in
gross motor experiences, dyads with children with motor delay may be at risk for alterations in
Emotional Availability (EA). EA reflects the dyad’s ability to share a healthy emotional relationship and
has important implications for children’s adaptive development (Biringen et al., 2014). The purpose of
this analysis was to quantify the impact of motor delay on the EA during play in young children with and
without motor delay.

Hypothesis. Consistent with evidence on dyads with children with Autism Spectrum Disorder, we
hypothesize that motor delay will impact child EA more so than adult EA and that the impact of motor
delay on EA will be moderated by the severity of motor delay (Bentenuto et al., 2020).

Study Population. Data were drawn from 99 young children with and without motor delay (Mild motor
delay, N=34, baseline age=9.26 months; Significant motor delay, N=30, baseline age=11.85 months;
Typical motor development, N=35, baseline age=5.71 months).

Methods. EA was quantified using the EA Scales 4th edition on 5-minute videotaped parent-child
interactions at baseline, 3-, 6-, and 12-months post-baseline. EA trajectories were described and
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compared using multilevel growth modeling with unstructured variance and child-level random effects.
All models controlled for baseline mean-centered age and parent-reported education level. Estimates of
linear change for time since baseline indicate an estimated change in EA within or between groups for
each month in the study. Cohens d and Hedges g effect sizes are based on the estimated 12-month
change in EA.

Results. Trajectories of EA in children with mild motor delay differed from typical motor development in
Child Involvement (b=24, p=.03, g=.63). Trajectories of EA in children with significant motor delay
differed from typical motor development in Total EA (b=1.12p=.02, g=.66), Sensitivity (b=.21, p=.03,
g=.70), Child EA (b=.63, p=.00, g=.94), Child Responsiveness (b=.21, p=04, g=.59), and Child Involvement
(b=.42, p=.00, g=1.23). There were no differences in trajectories between children with mild or
significant motor delay.

Conclusion. Consistent with our hypotheses and previous evidence, having a motor delay impacted
dyadic EA and the severity of motor delay moderated the risk of EA. Overall, dyads of children with
significant motor delay had difficulties in EA at the adult and child level whereas mild motor delay
impacted EA at the child level only. Dyads with motor delay may benefit from early interventions that
support EA during play-based therapeutic activities.

Abstract 3 title: Measuring postures of infants across full days: Examples from infants with typical and
atypical development.

Abstract 3 text: Introduction. Different infant body postures (e.g., supine or sitting) present distinct
opportunities for play, influencing what infants play with and how they interact. Postural control, motor
skills, interactions with gravity, and the visual field all differ between postures. Here, we used a novel
wearable sensor suit system to quantify postures during spontaneous behaviors and play in infants at
risk (AR) for developmental disabilities across full days in the natural environment. Hypothesis. We
hypothesize that infants AR will spend more time in less advanced body postures (supine, side, prone)
and less time in more advanced body postures (sitting, crawling, standing, walking) compared to their
age-matched peers with typical development (TD). Study population. Three infants broadly AR
participated in pilot testing, 2 at 8 months of age and 1 at 14 months of age (adjusted for prematurity as
appropriate). Comparison data for infants with TD were provided from an existing database of
recordings (n = 482 recordings). Methods. We used a previously developed and validated MAIJU suit
(Airaksinen et al, 2022) equipped with tri-axial movement sensors attached proximally to each limb. The
suit was worn for a full day (~¥8-14 hours) while behaving and playing freely in a natural environment. A
fully automated and validated, deep learning-based algorithm (Airaksinen et al., 2023) was used to track
body postures for each second of the recording. Results. Figure 1 shows the mean and standard
deviation for the proportion of the recording spent in each posture from a sample of infants with TD (n =
33 at 8 months of age and n = 32 at 14 months of age). Figure 1A shows example data from two infants
AR at 8 months of age, while Figure 1B shows example data from one infant AR at 14 months of age. In
regard to our hypotheses, the younger infants AR generally appeared to spend more time in the less
advanced body postures of side and prone, and less time in more advanced body postures of crawling or
standing compared to their age-matched peers with TD. The older infant AR generally appeared to
spend more time in the less advanced body posture of prone, and less time in more advanced body
postures of crawling or sitting (and did not demonstrate walking) compared to age-matched peers with
TD. However, most individual data points from the infants' AR were within the standard deviation of the
normative sample. Further, we have not considered here if infants' AR were being held or carried in
certain positions, for example, this may explain the high proportion of side posture measured for one of
the infant's AR. Preliminary data support that the wearable sensor suit system can be used to quantify
postures during spontaneous behaviors and play in infants' AR across full days in the natural
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environment. This is only a preliminary visual interpretation of example data; a larger sample and
further analysis are needed before any interpretations can be made.

Abstract 4 title: Training Parents of Preterm Infants to play, Does Timing Matter?

Abstract 4 text: Introduction: Infants with or at risk for developmental disabilities are encouraged to
practice movement that is self-generated, and build on their ability to engage with caregivers and the
environment. However, one consequence of preterm birth can be low or high muscle tone, strong
extension or arching preferences, difficulty self-regulating, and autonomic instability when
overwhelmed with input. Supporting Play Exploration and Early Developmental Intervention (SPEEDI) is
a program designed to support parents' attempts to enhance their very preterm infant’s global
development. For SPEEDI to be effective it is crucial that parents learn to provide the intervention
activities independently and with high fidelity to the intervention principles. The purpose of this analysis
is to compare the adherence to the SPEEDI principles in dyads who provided intervention in the
neonatal intensive care unit and continued practicing for the next 2-12 weeks at home (SPEEDI_early)
against the adherence of dyads who were 12-16 weeks adjusted age when training started and
continues for 15 weeks till 27 to 31week of adjusted age (SPEEDI_late)

Hypotheses: Dyads in the SPEEDI_Late group will have a lower rate of adherence to the intervention
principles than the SPEEDI-early group.

Study Population: Infants were participants in either intervention arm of the clinical trial evaluating the
efficacy and timing of the SPEEDI Intervention. Mean gestational age was 26 weeks, 93% were non-
Hispanic, 55% White.

Methods: Intervention sessions were videotaped. The treating therapist completed a self-assessment
and 20% of the visits were scored for reliability by a second rate. With high reliability between raters,
the interventionist's own ratings were used to quantify adherence for each visit. A linear mixed model
with fixed effects for visit or phase, Group (when called for) and group*visit (or group*phase when
called for), and a random effect for the subject to account for within-subject variability.

Results: Neither group had a significant change in adherence over time nor was there a significant effect
of the visit (F8,120 = 1.29, p = 0.2565). When comparing phase 1 (direct parent education during these
sessions) with phase 2 (parent-delivered intervention independently) intervention, change in adherence
differed by group. SPEEDI_early marginally increased adherence during phase 2, (F1,134=3.30, p =
0.0714), while SPEEDI_late decreased adherence in phase 2 (F1,201 = 4.55, p = 0.0341). There was a
significant visit by group interaction (F8,303 = 2.11, p = 0.0345)

Discussion: Very preterm infants and their parents can learn to provide developmentally supportive play
interventions. However, the timing of this intervention appears to be important. If conducted when the
very preterm infant is medically stable but skill in the NICU adherence increases over time suggesting
parents are getting better at performing the intervention. The increasing adherence for the
SPEEDI_Early group, with a decline in the SPEEDI_Late suggests that training parents to provide the
intervention following specific key ingredients may lead to more consistent delivery when the caregivers
are establishing routines at home rather than starting several months after discharge.

S.04 Tiny Faces, Tiny Expressions - When and How to Use Infant Facial Electromyography
Daniela Schmidt !, Stefania Vacaru 2, Tomoko Isomura 3, Margaret Addabbo *

1 Max Planck Institute for Evolutionary Anthropology, 2 New York University Abu Dabhi, > Nagoya
University, # Catholic University of the Sacred Heart
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Summary

Infant facial electromyography (fEMG) is an innovative method enabling objective assessments of overt
and covert movements of facial muscles, such as those involved in smiles (zygomaticus major [ZM]) and
frowns (corrugator supercilii [CS]). Talk 1 unveils the emergence of facial mimicry in 4- to 5-month-olds
in response to audiovisual crying and laughing. Talk 2 reveals 11-month-olds’ selective facial reactions to
the ‘emotional body’ (i.e., happy and angry kinematics, caresses and scratches tactile interactions). Talk
3 shows 10-month-olds’ positive emotions during infant-led interactions and positive attitudes toward
actors following their gaze, as indicated by enhanced ZM activity. Our discussant ties the talks: Where
does infant fEMG research currently stand and where should it be heading conceptually and
methodologically? Together, we outline an array of research questions answerable with fEMG and
portray the state of the art of this promising method in infancy research.

Details

Abstract 1, Facial Mimicry in Response to Dynamic Emotional Stimuli in Five-Month-Old Infants:
Humans often spontaneously and unconsciously match their behaviors to others. In particular,
spontaneous matching of facial expressions, often termed facial mimicry or spontaneous facial
reactions, plays a crucial role for our smooth social interactions. Despite the accumulated evidence of
facial mimicry in adults, little is known about their development. To clarify when and how facial mimicry
develops, the present study examined the spontaneous facial reactions to emotional expressions in
infants. We utilized facial electromyography (fEMG) measurement, which allows for the analysis of even
subtle responses of facial muscles with high temporal resolution in a more objective manner. We
speculated that infants’ facial mimicry responses would develop in tandem with their emotion
recognition ability, thus we focused on 4- to 5-month-olds, who are at the age known for the initial
development of emotion recognition. Moreover, as it has been shown that infants first become able to
discriminate emotions from audiovisual bimodal stimuli around this age, and that this ability later
expands to unimodal auditor and visual stimuli, we examined the effect of modalities of emotional
displays on the infants’ facial reactions. We hypothesized that 4- to 5-month-old infants would
demonstrate facial mimicry responses to audiovisual emotional displays, but may not to unimodal
stimuli (Figure 1A, left). The final sample consisted of 15 full-term 4- to 5-month-old infants (nine males
and six females, Mage = 154.6 days; SDage = 10.0 days; ranging from 140 to 169 days). Infants viewed a
series of video clips where adults dynamically expressed crying, laughing and neutral emotions with
audiovisual (AV), visual (V) and auditory (A) modalities. Modalities refer to those related to emotion; all
stimuli contained both visual and auditory information, but in the unimodal (V and A) emotion
conditions, an emotional facial expression or vocalization was paired with a neutral vocalization or facial
expression, respectively. While the infants viewed the clips, we recorded their fEMG activities over the
left corrugator supercilii and zygomaticus major. The results showed increased activations of the
corrugator supercilii in response to audiovisual crying, and of the zygomaticus major in response to
audiovisual laughing, between 500 and 1000 ms after the stimulus onset (Z=3.2, p =0.0004;Z=3.0,p =
0.001, respectively, Figure 1A, right). These results clearly demonstrate that facial mimicry is present as
early as 5 months of age when multimodal emotional information is provided. Conversely, in the V and A
conditions, no significant differences in fEMG activity across emotions were found in any time window
for both muscles, suggesting that 4- to 5-month-old infants do not show facial reactions towards
emotional faces and vocalization. Since adults are known to exhibit facial reactions to even unimodal
emotional stimuli, our findings imply that 4- to 5 months-old infants have begun to construct a system
eliciting the facial mimicry, but at this stage, the system has matured only to the extent that motor
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responses are triggered exclusively when multimodal emotional information is provided. The
implications of these findings will be discussed in the context of subsequent research.

Abstract 2, Using Electromyography to Capture Infants’ Facial Responses to the “Emotional Body”:
Something in the way people move and interact with others tells us about their affective states. We can
infer others’ emotions by observing how people walk or perform simple object-directed actions, such as
drinking and knocking. We can even recognize others’ emotions by observing how people interact, for
example, through affective or non-affective tactile stimulations. However, very little is known about
infants’ ability to pick up on affective information from body movements. Facial electromyography
(fEMG) is a promising tool to study not only infants’ responses to emotional facial expressions but also
to other emotion-related stimuli, such as bodily movements and interactions (Figure 1B, left). Here, | will
present two studies that employed fEMG to explore 11-month-olds' sensitivity to the emotional
information conveyed in action kinematics (Study 1) and tactile interactions (Study 2). In both studies,
fEMG activity was measured over the zygomaticus major (ZM) and corrugator supercilii (CS) muscles,
respectively involved in positive (i.e., smiling) and negative (i.e., frowning) facial expressions. In Study 1,
fEMG activity was measured while infants observed videos of the same grasping action performed with
happy or angry kinematics. Mean amplitude values expressed as z-scores were analyzed in a 2 (Emotion:
happy, angry) x 2 (Muscle: ZM, CS) repeated-measures ANOVA that showed a significant Emotion x
Muscle interaction, F(1,16) = 17.34, p = 0.001, np2 = 0.52. Angry kinematics elicited stronger CS activity
compared to ZM, t(16) = 3.77, p = 0.004. Differently, observing happy kinematics yielded an increase in
ZM activity compared to CS, t(16) = 4.17, p = 0.003 (Figure 1B, right). Results show that 11-month-old
infants respond with selective and matching facial reactions to the emotional content of both angry and
happy action kinematics. In Study 2, fEMG activity was measured while 11-month-olds observed videos
of positive (Caresses) and negative (Scratches) tactile interactions. A 2 (Touch: Caress, Scratch) x 2
(Muscle: ZM, CS) repeated-measures ANOVA revealed a significant Touch x Muscle interaction, F(1,23) =
4.86; p =.038, np2 =.17. fEMG activity over ZM muscle was significantly greater during the observation
of a caress compared to a scratch, t(23) = 2.91; p = .008 (Figure 1B, right). Thus, the observation of a
caress evoked a positive emotional facial response in the infant. Differently, no selective activation of
the CS in response to the observation of scratches was found. Overall, these findings show that
emotional signals conveyed in action kinematics and tactile interactions evoke specific and emotionally
congruent facial responses in the infant. fEMG represents a promising and versatile tool to capture
infants’ “tiny’ facial responses to a variety of emotional signals that surround their social world.

Abstract 3, The Development of the Affective Mechanisms Underlying Gaze Leading in Infancy: We
know that infants are social from the outset (e.g., Morton & Johnson, 1991; Reid et al., 2017) and
experience pleasure in social triadic interactions (Adamson & Bakeman, 1985). However, we do not
know whether different types of triadic interactions elicit different affective responses. Our study
focuses on the affective consequences of infants’ active role in triadic interaction. Infants not only
passively follow others’ gaze but also recognize (Grossmann et al., 2013; Rayson et al., 2019) and
anticipate (Phillips et al., 2023) their active leading of others’ gaze. Gaze leading is rewarding for adults
(Schilbach et al., 2010), but only little is known about the affective mechanisms underlying gaze leading
in infancy (Venezia et al., 2004; Venezia Parlade et al., 2009). To deepen our understanding of infants’
socio-emotional ontogeny, we tested N = 69 4-month-old (range = 4 months and 2 days to 5 months and
15 days, M = 147.17 days, SD = 9.62 days, 34 females) and N = 61 10-month-old (range = 10 months 0
days and 11 months 2 days, M = 318.21 days, SD = 8.71 days, 24 females) WEIRD infants in a
preregistered (https://osf.io/k5ytr/?view_only=da6112da7e5d4f16blabcc3595f8babb), gaze-
contingent, screen-based eye-tracking study in which infants could either lead an actor’s gaze toward an
object or failed to do so (gaze-leading task). Infants saw the actor who always followed and another
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actor who never followed the infants’ gaze individually in the beginning and end of the experiment
(actor-preference task) (Figure 1C, left). We measured infants’ affect in response to (not) leading others’
gaze (gaze-leading task) and to actors who did (not) follow infants’ gaze (actor-preference task) using
facial electromyography on the muscle innervated while smiling (zygomaticus major [ZM]) and frowning
(corrugator supercilii [CS]). Additionally, we video-coded infants’ smiles and frowns. As expected, 4-
month-olds did not show any condition differences in any task in any measure (all ps > .05). The older
age group, as hypothesized, exhibited enhanced activity of the ZM after leading others’ gaze, t(40) =
2.04, p = .05, d = 0.63, and after seeing the actor who has previously followed their gaze, t(28) = 3.15, p
=<.01, d = 0.68 (Figure 1C, right). Surprisingly, we did not observe these differences in the video-coded
smiles, even though video-coded smiles substantially correlated with the ZM activity (r = .47, p < .001). It
might be that subtle smiles, difficult to observe with the naked eye, drove the effect. We did not find
any differences between conditions in either task in the activity of the CS or video-coded frowns
(exploratory analyses) (all ps > .05). Taken together, our results point to a developmental shift of infants'
positive emotional perception of infant-led triadic interactions between 4 and 10 months of age. The
findings underscore infants’ increasingly active role in triadic interactions during the first year of life.
Toward the end of the first year of life, not only triadic interactions per se, but especially infant-led
triadic interaction appear to be pleasurable for infants.

S.05 Infants’ neural sensitivity to caregiver ostensive signalling: has its importance been
over-egged?
Ira Marriott Haresign !, Melis Cetingelik ?, Jessica Kosie 3, Pierre Labendzki®

! University of East London, 2 Max Planck Institute for Psycholinguistics, 3 Princeton University

Summary

Early, lab-based studies, often with low ecological validity, suggested that infants’ brains are highly
sensitive to communicative signals. These have led to numerous theories about how we learn to interact
and acquire knowledge. However, we still know little about infants’ sensitivity to social signals during free-
flowing exchanges, and how they process information they receive around social signals. This symposium
presents four cutting-edge and diverse approaches to studying infants’ early sensitivity to ostensive
signals. The first two papers examine infants’ neural tracking of speech and links with speaker’s gaze and
caregiver-modulated semantic complexity. The second two papers examine links between perception of
communicative signals and caregiver-infant inter-brain synchrony. Overall, the results of these studies
converge on the provocative conclusion that infants may not be as sensitive to caregiver cues during early
attention and learning exchanges as we thought.

Details

Abstract 1, Title: Does the speaker’s eye gaze facilitate infants’ neural tracking of speech?

Abstract 1, text: Eye gaze is a powerful ostensive social cue that has been found to facilitate children’s
learning in various domains of cognitive development, including language. While the language
development literature mainly suggests links between gaze following and later vocabulary development,
the effects of eye gaze on other aspects of language development, such as speech processing, are less
clear. In this study, we examined the role of the speaker’s ostensive eye gaze on 10-month-old Dutch-
learning infants’ neural tracking of naturalistic continuous speech, a neural marker for speech

23 Back to top



C
ICIS 2024 Abstract Book i -

processing, as well as their attention to the speaker. Infants watched videos of a speaker reciting stories,
while 32-channel EEG was recorded throughout the experiment. In the videos, the speaker either
addressed the infants with direct gaze, or averted her gaze away from the infant while speaking. We
analysed infants’ neural tracking of speech using speech-brain coherence (SBC), focusing especially on
the stressed syllable and syllable rates (1-1.75 Hz and 2.5-3.5 Hz respectively in our stimuli). To assess
whether infants tracked the speech rhythm, we first ran cluster-based permutation analyses at the
stress and syllable rates by comparing real SBC to surrogate data, created by randomly pairing the
speech envelope with the EEG data. Then, we tested for differences in SBC in the Direct and Averted
Gaze conditions using cluster-based permutation at the frequencies of interest. Furthermore, we tested
for differences in attention to the speaker’s communication accompanied by Direct versus Averted Gaze,
measured by both looking times and theta power. Finally, we investigated whether infants’ neural
tracking predicts their subsequent vocabulary development. Our results (N = 50) revealed significant SBC
at both the stressed syllable and syllable rates (corrected cluster p’s = .002 at both rates). However, we
identified no significant differences in SBC between the Direct and Averted conditions in either
frequency band. Furthermore, infants’ looking times and theta power did not significantly differ
between the two conditions. Regarding vocabulary development, we found that infants’ syllable-rate
neural tracking at 10 months predicted their expressive vocabulary size at 18-months, controlling for 10-
month-vocabulary (B = 0.09, SE =0.04, t = 2.51, p =.016). These current results suggest that infants track
the stressed syllable and syllable rhythm, which is further related to their vocabulary development. The
strength of neural tracking or infants’ attention was not modulated by the speaker’s gaze direction,
suggesting that the effects of an interlocutor’s eye gaze might not bring about a processing benefit in all
domains of language processing.

Abstract 2, Title: 5-month-old frontocentral theta power predicts caregiver speech complexity during
free-flowing parent-infant social interactions.

Abstract 2, text: Infants are powerful learners, sensitive to statistical variabilities in their environment,
and capable of selectively orienting their attention towards stimuli with the maximal potential for
learning (Poli et al., 2020). When adult agents interact, they need to find the balance between
expressivity (novel information) and predictability (redundancy) (Wozniak et al., 2022). We know that
infants are sensitive to this information trade-off (Kidd et al., 2014). However, little is known about how
caregivers dynamically modulate these features to attract and maintain infant attention during
naturalistic joint play.

Here, we propose that this balance is not a universally constant value but is temporally modulated by
caregivers to match infants' dynamic attentional needs. We hypothesise that at times when infants are
inattentive during free-flowing interactions, caregivers will create semantic uncertainty to elicit curiosity
and increase infant attention and engagement. One way of indexing infants' attention at a fine timescale
is to use EEG and extract the power at theta activity over fronto-central electrodes, which has been
previously found to associate with infant’s sustained attention (Xie et al., 2018). We recorded 5-month-
old infants (N_current = 13 (data collection ongoing, N=30 at 5mo and N=30 at 10mo planned) and their
English-speaking mothers via 64-channel gel-based EEG. Infant-caregiver dyads sat across a table and
played “like at home” with a set of three toys. Caregiver speech was recorded at 44100Hz using a lapel-
worn microphone. Oculomotor artifacts were cleaned using ICA-based procedures, tailored for
naturalistic infant data (see Haresign et al., 2021). Relative theta power (3-6Hz) in the fronto-central
region was extracted in 4s sliding windows with 0.5s overlap. Semantic complexity was computed based
on the automatic audio-to-text transcription with precise onsets and offsets by Whisper.ai (Louradour,
2023). The text was then losslessly compressed in an integrative window in steps of 0.1s. This lossless
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compression metric is an index of the amount of novel information over time, based on Kolmogorov
complexity (Wolff, 2014) and assesses the speech predictability based on prior linguistic input. We then
computed the derivative of that time series to obtain an instantaneous information rate, here referred
to as semantic complexity. Spearman cross-correlations were run between the two, four-minute
timeseries. Surrogate cross-correlations were created by assigning theta time series to other speech
streams, and significance was tested using cluster-based permutation analyses, with an alpha value of
p=.05 (Meyer et al., 2021).

Theta power was found to be significantly negatively correlated around 3 seconds ([-3.7s,-3.1s]) prior to
semantic complexity. This can be interpreted in two complementary ways: an increase in semantic
complexity 3s after a negative dip in theta power (inattentive moment), and a decrease in semantic
complexity 3s after a high level of theta (attentive moment). This delayed reaction could reveal a
capture-and-hold strategy from the caregivers, where they introduce uncertainty to grab back attention
only to release the uncertainty when attention is back to a baseline level.

Abstract 3, Title: Gaze onsets during naturalistic infant-caregiver interaction associate with ‘sender’
but not ‘receiver’ neural responses, and do not lead to changes in inter-brain synchrony.

Abstract 3, text: In recent years our understanding of early social and communicative development has
relied heavily on studying ostensive signals, defined as signals from a communicator to generate an
interpretation of communicative intention in an addressee. It has been argued that, from shortly after
birth, infants’ brains are sensitive to ostensive signals (such as direct gaze, smiles and infant-directed
vocalisations), and that ‘sender’ communicative signals play a key role in supporting early learning
exchanges. However very little is known about exactly how this is facilitated, during free-flowing parent-
infant social interactions.

Here we aimed to take initial steps in addressing this deficit. In this paper, we focus on mutual gaze,
which is a widely studied ostensive signal. We extracted EEG activity around naturally occurring gaze
onsets from EEG hyperscanning recordings of parent-infant social interactions in N=55 dyads (mean age
11 months). Gaze was coded from video recordings offline frame by frame at 50fps. From this we
defined two types of looks onsets; sender gaze onsets were defined as times when either the adult or
the infant made a gaze shift towards their partner at times when their partner was either reciprocating
their gaze (mutual) or not reciprocating their gaze (non-mutual). Receiver gaze onsets were defined as
times when either the adult or the infant is already looking at their partner (mutual) or not looking at
their partner (non-mutual) and their partner makes a gaze shift towards them. We used inter-trial
coherence (2-18 Hz, over occipital electrodes) to assess whether significant phase resetting occurred
around sender and receiver gaze onsets. We also examined whether this associated with changes in
interpersonal neural entrainment (measured using Phase-Locking Value and Partial Directed Coherence)
between the ‘sender’ and ‘receiver’ around gaze onsets. Lastly, we compared interpersonal neural
entrainment between mutual and non-mutual gaze.

We predicted that changes in phase alignment around mutual gaze onsets would occur concomitantly in
the sender and receiver's brain activity. Further, mutual gaze onsets would result in more intra-brain
phase resetting and greater interpersonal neural entrainment (measured using PLV and PDC, in
frequencies 2-18 Hz, over occipital electrodes) than moments of non-mutual gaze.

Contrary to our hypothesis we found that, during a naturalistic interaction, both mutual and non-mutual
gaze onsets were associated with changes in the sender, but not the receiver’s brain activity and were
not associated with increases in inter-brain synchrony above baseline. Further, we found that mutual,
compared to non-mutual gaze onsets were not associated with increased inter-brain synchrony. Overall,
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our results suggest that the effects of mutual gaze are strongest at the intra-brain level, in the ‘sender’
but not the ‘receiver’ of the mutual gaze.

Figure 1.

Abstract 4, Title: Behavioral and Neural Coordination in Multidimensional Caregiver-Infant
Communication

Abstract 4, text: Infants learn to communicate during everyday interactions with caregivers. However,
existing research underestimates the dimensionality of infants’ communicative input, focusing on one or
two communicative signals (e.g., speech alone, or speech and gesture together). Our goal is to
investigate “infant-directed communication” (IDC): the suite of communicative signals from caregivers
to infants including speech, action, gesture, emotion, and touch. Across two studies, we characterized
caregivers’ use of IDC during everyday interactions with infants and examined links to behavioral and
neural indices of caregiver-infant synchrony.

A total of 104 caregivers and their 18- to 40-month-old toddlers participated in our studies. Families
were predominantly white, middle-class families in the United States. In Study 1 (N = 44), caregivers and
infants were recorded (via Zoom) during a free-play interaction in which caregivers were asked to gather
a few toys and play with their infant as they normally would. In Study 2 (N = 60), caregivers and infants
were invited to the lab where we simultaneously measured neural activity in the brains of caregivers
and infants (using fNIRS) as they played together with familiar, unfamiliar, and novel toys. Videos of all
interactions were coded for caregivers’ use of each of the five dimensions of IDC (speech, action,
gesture, emotion, and touch) as well as infants’ vocalizations and gestures using extensively detailed and
previously-validated methods.

In Study 1, we found that multiple, overlapping dimensions of infant-directed communication occurred
throughout the entire interaction. Significantly more than half of the speech that infants heard (M =
64%, SD = 11%) overlapped with one or more non-speech cues (p < .001). Even when infants were not
hearing speech, non-speech communicative cues still occurred nearly half of the time (M = 49%, SD =
15%). Further, we found that caregivers increased their use of communicative cues immediately
following infants’ vocalizations (p < .02) and gestures (p < .001), suggesting that caregivers respond to
infants by increasing the dimensionality of their communicative signals (see Figure 1).

Analyses for Study 2 are ongoing. Initial data suggest that caregivers tune their communication to
infants’ familiarity with objects, using more multidimensional cues when interacting with objects that
are less familiar. We are currently exploring the extent to which caregivers’ use of multidimensional
cues is linked to caregiver-infant neural synchrony. We anticipate that caregivers’ use of
multidimensional cues will lead to stronger neural coupling between caregivers and infants.

Our results demonstrate that everyday caregiver-infant communication is highly multidimensional;
caregivers frequently use multiple overlapping speech and non-speech cues during everyday
interactions with infants. We also find that caregivers tune their use of communicative cues to infants,
increasing dimensionality of communication in response to infants’ vocalizations and gestures and when
objects are less familiar. In ongoing analyses, we are exploring how the dynamics of caregivers’ everyday
interactions with infants may support synchrony at the neural level, likely in a way that enhances
learning over time. We conclude that the multidimensionality of IDC is necessary to build theories that
incorporate the natural dynamics of infants’ real communicative environments.
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S.06 Object familiarity’s role in parent labelling and children’s object exploration and

learning, across diverse naturalistic contexts
Lauren Slone !, Catalina Suarez-Rivera 2, Rajalakshmi Satarai Madhavan 3, Ricarda Bothe *

! Hope College, 2 New York University, 3 University of Géttingen, 4 Georg-August University of Géttingen

Summary

Natural learning environments of children consist of various real objects, presenting a simultaneous mix
of objects whose names they already know, along with other unknown objects. This symposium
presents new research examining parents’ information-providing and children’s information-seeking
behaviours in various naturalistic settings that include both known and unknown objects. We (1)
examine parent labelling and infant holding of known and unknown objects during 2-hour home
recordings; (2) show how parents tailor the quantity and quality of language input based on infants’
word knowledge; (3) examine infants’ information-seeking toward known and unknown objects and
measure learning outcomes; and (4) utilise a novel technology to demonstrate children’s ability to learn
object names actively as well as from observing others. These talks provide converging evidence across
approaches, ages, and populations, demonstrating that parents and children tend to focus on already
known objects.

Details

Abstract 1, Properties of Infant Known and Unknown Real Words in Mother-Infant Interactions at
Home:

Language learning is a complex process. Word learners must map the words they hear to objects and
events in the world. The mapping problem is not easy because any word could map to many referents.
However, a growing body of research suggests that infants disambiguate meaning through their
interactions with caregivers. In laboratory studies, infants learn the words for the objects they hold (Yu
& Smith, 2008), and the words produced by caregivers, with input characterised by repetition and
spacing (Slone et al., 2023). Do the properties of input that promote learning in the laboratory
generalise to children’s knowledge of words in the real world? We investigated the properties of infant
known and unknown words for objects in the home environment.

Thirty-two mothers interacting at home with their 18-month-old (n = 16), or 23-month-old (n = 16)
infants (16 female) were recorded for two hours. Mothers’ speech and infants’ object interactions (i.e.,
infant manipulating an object(s) by moving it in space) were coded frame-by-frame using Datavyu.
Finally, mothers indicated in the MB-CDI inventory the words that infants produced. MB-CDI words that
referred to concrete objects (245/682) formed the “MCDI concrete subset”. Objects/words that infants
touched and mothers named were classified as “known” or “unknown” based on the mother’s report of
infant production. Data contained sufficient instances of infant holding (M=32/245) and mother naming
(M=130/682). On average mothers produced 823.7 tokens of MCDI word types.
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Comparing known (M=79) and unknown (M=165) words for concrete objects, infants were more likely
to manually engage with objects of known words (21%) compared to objects of unknown words, (9%),
p=.017. Moreover, mothers were more likely to name known concrete object names (45%) relative to
unknown concrete object names (20%), p<.001. Delving deeper into properties of mothers’ speech,
mothers were more likely to repeat known words (M=51) (74%) relative to unknown words (M=72)
(68%), p<.0001. Specifically, out of the known word types that mothers produced, 76% were repeated
on average; whereas out of the unknown word types that mothers produced during the interaction, 67%
were repeated on average.

Finally, we compared the time-latencies between all pairs of the same MB-CDI words to examine the
closeness in time of mothers’ word repetitions (Figure 1). Temporal structure for mothers’ naming of
known and unknown words was similar (Figure 2), although a Kolmogorov-Smirnoff test detected that
latencies between repeated known words were shorter than latencies between repeated unknown
words (p<.001).

Findings align with laboratory-based studies showing the importance of infant object manipulation and
mother naming for real word learning. Measures of temporal structure also showed differences,
although overall patterns of latencies are the same. This study also adds to our understanding of word
learning. Results are discussed in terms of the dual benefits to comparing features of known and
unknown objects by: 1) informing on the properties of interactions that support language learning, and
2) identifying how caregivers and infants interact differently if infants know the words for the objects
they touch.

Abstract 2, Parents’ Perception of Infant Word Knowledge Influences Their Language Input to Infants:

Early vocabularies are dominated by object names (e.g., “dog,” “ball,”; Bates et al., 1995). Infants begin
to comprehend and produce such words through interactions with experienced speakers. Both the
guantity and quality of the language input parents provide are predictive of children’s later language
ability and school achievement (Cartmill et al., 2013; Hurtado et al., 2008). But what determines the
guantity and quality of parents’ speech to infants about objects?

Previous research suggests that parents’ object-naming behaviours may differ for objects whose names
are familiar--versus are not yet familiar--to their infant (Cleave & Bird, 2006; Masur, 1997; Chen et al.,
2002). The role of object familiarity on parent labelling behaviour is critical to better understand, given
that natural word-learning contexts frequently involve both familiar and unfamiliar objects.
Nevertheless, much of what we know about infants’ object-name learning during parent-child
interaction comes from studies employing novel objects like “wugs”. We take a more naturalistic
approach by examining the quantity and quality of parent naming behaviours in toy-play interactions
involving both familiar and unfamiliar real objects, presented simultaneously.

Method. Parents and their 15-25-month-olds completed a 10-minute naturalistic play session with 23
objects (truck, elephant, flower, etc.). Each object was classified as “Familiar” or “Unfamiliar”
individually for each child based on parent reports of whether their child produced (“Familiar”) or did
not produce (“Unfamiliar”) the noun label for each object (Cleave & Bird, 2006). On average, 12 objects
were classified as Familiar and 11 as Unfamiliar, for each child. Parents’ speech was transcribed and
coded for “naming utterances” —phrases that included an object label. Infants and parents wore head-
mounted eye-trackers; recordings were coded frame-by-frame for infant and parent looks to and
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touches of each object. We analysed data from 21 dyads for whether parents’ perception of an object
label’s familiarity to their child influenced the quantity and quality of speech to their child about that
object. Higher quality was indicated by naming the object the child was looking at and/or touching, and
by the parent touching the object they name, all of which have been shown to promote infant object-
name learning (Bion et al., 2013; Smith & Yu, 2012; Yu & Smith, 2013).

Results. Children looked to and touched Familiar and Unfamiliar objects equally frequently and for
similar durations (Figure 1A-D). Nevertheless, parents named Familiar objects more frequently and with
longer utterance durations (greater quantity) compared to Unfamiliar objects (Figure 1E-F).

Parents facilitated high-quality naming moments by frequently naming objects while their infant looked
at them (Figure 2A). Additionally, parents often touched objects they were naming, and named objects
their infants were touching, exhibiting these behaviours more frequently for Unfamiliar compared to
Familiar objects (Figure 2B-C).

Discussion. In this naturalistic play context, parents adapted both speech quantity and quality based on
perceived word familiarity. This adaptation may enhance learning about familiar nouns through
increased language quantity and facilitate new learning about unfamiliar nouns through higher-quality
naming moments. Future analyses will explore additional aspects of parent naming quality, including the
semantic content of their utterances.

Abstract 3, Who's leading this? How object familiarity shapes caregiver-child joint attention and
learning:

In a naturalistic environment, children are typically exposed to a range of objects they are more or less
familiar with. Object novelty impacts how parents interact with and talk about the object (Chen et al.,
2021), and how children handle objects (Schatz et al., 2022). Furthermore, parental input such as object
labelling, and characteristics of parent-child interaction such as joint and sustained attention (when
parents and children mutually direct their gaze to the same object in the immediate environment; Yu &
Smith, 2013) impacts children’s vocabulary size (Peters & Yu, 2020).

Against this background, the current study examines the features of parent-child interaction and parent
labelling when they naturally interact with objects varying in their familiarity to the child. Furthermore,
we examine how this quality of interaction influences children’s learning of the labels for these objects.
In particular, we investigated whether (i) parents lead more instances of joint attention when playing
with novel objects relative to familiar ones, (ii) parents preferentially label novel objects relative to
familiar objects and (iii) children's learning of novel word-object associations is affected by the
frequency of object labelling and children's sustained attention towards the objects.

To test these predictions, we recruited 31 parent-child dyads (age range of children: 14-23 months old),
who were asked to play with four different toys from a spread of eight — two familiar (e.g., cat, bus) and
two novel (e.g., iguana, submarine) to the children (but familiar to the parents). We used head mounted
eye-trackers for the parent, and standing video cameras to capture the eye movements of the child, and
obtained gaze behaviour. Following that, we tested children’s recognition of the labelled novel objects,
and measured both their pointing and looking behaviour to determine their degree of novel object
recognition.
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We found that (i) that children overall led most instances of joint-attention — however, they led fewer
instances when the object is novel compared to when it is familiar (Figure 1); and that (ii) a higher
frequency of object labelling behaviour during familiar object play compared to novel object play (Figure
2). Furthermore, we found that (iii) children did not show any recognition of novel objects’ names
learnt;, and thus novel word-object recognition was not related to the frequency of object labelling or
children's sustained attention. Our findings may provide support to the view that children are active
participants in their daily interactions, which may prompt parents to follow their children during play
sessions. In addition, with regards to children not showing successful novel word learning, perhaps there
exists a minimum for novel object labelling opportunities and children’s sustained attention to boost
learning of novel words. On a broader note, our results may suggest that in specific types of daily
interactions such as toy play, the goal of the parent-child interaction may be the interaction itself - and
unless specified, parent-child dyads may not see learning as a critical outcome of such interactions.

Abstract 4, Dynamic discovery: Young children's word and object exploration across social partners on
dual touch screens:

Infants and young children are regularly exposed to objects with varying levels of familiarity. Research
indicates that from an early age, infants employ diverse strategies to learn the names of these objects.
Caregivers play a crucial role by optimally providing infants with information aligned with their learning
goals (Gergely & Csibra, 2009), facilitating the acquisition of novel knowledge through these social
interactions. However, an expanding body of research suggests that young children are akin to little
scientists, actively making choices about what, when, and from whom to learn (e.g., Piaget, 1957; Smith
et al., 2018; Ruggeri et al., 2019). While young infants initially rely on simple motoric constraints to
explore their environment and visual field (Smith et al., 2019), slightly older 4-year-old children develop
word-object sampling strategies that become increasingly refined with age (Meder et al., 2021).

In this study, we examined whether young children (female=45, age range= 47-72 months, M=57.12
months, SD=5.18 months) use different strategies (active or passive) in interaction with a social partner,
i.e., either their mother (44 dyads) or a friend (47 dyads), to recognize familiar objects relative to novel-
object combinations. To test this, we developed a platform which consists of a sizable transparent
touchscreen (see Figure 1) on which children and their social partner sit on opposite sides, able to see
each other through the screen and interact with images of objects on screen. During the initial phase,
participants viewed combinations of familiar objects (e.g., six objects per trial; dog, cow, pig, etc.), and in
the subsequent phase, combinations of novel objects (e.g., six objects per trial; alien-like creatures with
features such as three eyes). Participants took turns tapping on objects on the screen to hear the
corresponding names (active exploration). During their partner's turn to interact with an image on the
screen, they observed this action through the transparent screen and subsequently heard the label for
that object (passive exploration).

After each phase of exploring familiar and novel objects, we examined whether children accurately
identified the names of these objects by touching them upon hearing the corresponding label. Children
touched familiar objects correctly more often than novel objects across social partners (x2 (n=91) =
7.013, p=.008). Familiar objects were consistently identified with high accuracy (>95% correct). For novel
objects, performance levels were above chance when actively exploring or observing others, but
generally lower (approximately 32% correct). Detailed analyses revealed better recognition of novel
object names when actively initiating the naming process in the first half (p=.039), which was primarily
driven by interactions among children (p=.004). In the second half, better performance was observed
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when children observed their partner initiating the naming of a novel object on the screen (p=.047).
Children employed both active exploration and observation of others' actions when interacting with
familiar and novel objects. Active exploration of novel word-object pairs led to better recognition in the
presence of same-aged peers, suggesting that children rely more on personal exploration, possibly due
to expecting limited educational value from peers of the same age.

S.07 The role of contingency in learning and development
Michael Goldstein ¢, Elena Luchkina %, Sam Wass 3, Gideon Salter #, Abdellah Fourtassi °

! Cornell University, 2 Northwestern University, 3 University of East London, * University of York, > Aix-
Marseille University

Summary

How do social interactions create learning opportunities? We know that social interaction facilitates
many aspects of cognitive development. Infants learn language sooner and develop better self-
regulation abilities if their parents interact with them more often. What remains unclear are the
mechanisms underlying this facilitative effect. Our symposium will address this gap.

We focus on a crucial component of social interactions, contingency, characterized by a pattern of tight
temporal coordination between two or more actors. Our papers will integrate evidence on the role of
contingency in learning across methods: behavioral (paper 1), neural (paper 2), interventional (paper 3),
and computational (paper 4). Our discussant, an internationally recognized expert in social interaction
and learning, will illustrate and compare the diverse set of theoretical perspectives represented by the
papers, and will highlight the most urgent questions and new directions for future research.

Details

Abstract 1
Abstract 1 Title: Why does social contingency predict early vocabulary development?

Abstract 1 text: We investigated the role of socially contingent interactions between typically
developing infants and their parents in early vocabulary development. Convergent evidence from prior
research shows that infants of parents are more likely to engage in socially contingent interactions with
their infants tend to have larger vocabularies. An open question is how social contingency facilitates
vocabulary growth.

One possibility is that parents who speak in response to their infants more often produce larger amount
of language input, which could accelerate vocabulary growth. Another possibility is that the properties of
socially contingent language input are uniquely suitable to support early word learning. Yet another
possibility is that the frequency of parents’ contingent responses helps infants build a link between their
own words or vocalizations and others’ behaviors, which enables infants to infer the communicative
nature of language. This inference then leads to further language advances, including vocabulary
growth.
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To distinguish between these hypotheses, we analyzed relations between parent-infant interactions
when infants were 9 and 12 months and their vocabulary size at 12 months. We analyzed N=23 20-
minute-long video-recordings of naturalistic parent-infant interactions (the Rollins corpus), annotating
every verbal and non-verbal behavior of the parent and the infant. Our findings indicate that the
frequency of both verbal and non-verbal responses to infants’ vocalizations predict vocabulary
development longitudinally (see Tables 1 & 2, Figure 1). Our findings also suggest that this development
is unlikely to be due to the amount of language input or the properties of language within socially
contingent interactions at 9 months — neither variable predicts infants’ vocabulary at 12 months.

Furthermore, our follow-up analyses explored the possibility of socially contingent responses guiding
infants’ attention to objects. We evaluated the predictive relation between parents’ contingent
responses to infants’ vocalizations and infants’ sustained attention to objects that were labeled or
manipulated. While the frequency of parents’ socially contingent responses did significantly predict
infants’ sustained attention both concurrently and longitudinally, this effect did not mediate the relation
between the frequency of parents’ socially contingent responses and infants’ vocabulary. Infants’
sustained attention did not predict infants’ vocabulary concurrently or longitudinally.

In sum, our findings suggest that the frequency of parents’ socially contingent responses predict infants’
vocabulary size. Given the lack of significant effects of the amount or properties of language input, as
well as attention, on infants’ vocabulary, it remains a possibility that the frequency of socially contingent
responses influences vocabulary by helping them build a communicative understanding of language.
Follow-up work tests this hypothesis explicitly in an experimental setup to see whether contingent
responses indeed help infants infer the communicative nature of language and how this inference
facilitates vocabulary growth.

Abstract 2

Abstract 2 title: Infants’ interests and speakers’ social contingency jointly support infant word
learning during play

Abstract 2 text: Introduction: Early language learning is a social enterprise: to learn the particular set of
sounds, words and syntactic rules that make up their native language, learners depend on information
that can only be communicated to them by expert speakers. Yet, this does not mean that learners are
passively waiting for information: they can also actively prompt their social partners to adjust their
speech as a function of what they do. Despite this, most research on language acquisition so far has
focused on how infants perceive, memorise and interpret the information directed to them by expert
speakers.

Here, we explore how infants’ own interests shape their language acquisition. We hypothesised that
infants’ decisions to visually explore a specific object signal focal increases in attention, and that, when
caregivers respond to these manifestations of interest by naming the object, this boosts word learning.

Methods: To examine this, we invited N=38 caregivers and their 14-month-old infants to play with novel
objects, while we recorded dyadic EEG and micro-level gaze behaviours with high-resolution cameras.
Following this play phase, infants’ knowledge of the word-object mappings was immediately tested
during a short test phase using a live adaptation of the looking-while-listening procedure. This
alternation of paired play and test phases was repeated up to 8 times with different pairs of objects.
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Results: Infants’ proactive looks towards an object during play signal enhanced interest, as evidenced
through a greater Nc/P400 ERP response around looks that were initiated by infants as compared to
looks that resulted from following their caregivers’ focus of interest. In sum, infant word learning was
fostered when caregivers tended to join their infants’ focus of attention while naming the object (beta =
0.328,se =0.13,t = 2.4, p = 0.02); whereas redirecting the infant’s attention to an object that the adult
already focused on (beta =-0.49, se =0.17, t = 2.82, p = 0.006), or naming a novel object while looking
elsewhere (beta =-0.81, se = 0.04, t = 2.02, p < 0.05), associated with worse learning.

Discussion: We examined whether caregivers tend to name novel objects contingently on infants’
interest during free-flowing play, whether this associates with better infant word learning, and whether
this is related to the fact that naming objects contingent on infants’ interests ensures that novel
information is presented to them when they are maximally attentive. Overall, our findings are
compatible with the idea that infants’ increased interest when they visually explore novel objects can
boost their learning of the objects’ names. However, this is only true when speakers are sensitive to
these manifestations of interest, and respond to them by following their infants focus of interest and
naming objects contingently. Overall, our findings demonstrate the feasibility of studying word learning
in realistic, interactive settings, and support the idea that infants’ interests guide their acquisition of a
lexicon.

Abstract 3

Abstract 3 title: From pre-linguistic communication to early language use: The role of social
contingency

Abstract 3 text: Child language is built on the foundation of communicative abilities that typically
emerge in the first year of life, in particular pre-linguistic acts that appear intentional on the part of the
infant (e.g., babbling while gaze-checking a caregiver, pointing, showing and giving). Outstanding
theoretical questions concern a) the learning mechanisms shaping the development of these
'intentional' pre-linguistic abilities, and b) their relation to later language. Drawing upon data from an
ongoing RCT, we address two such conceptual questions.

First, what are the mechanisms shaping the development of intentional pre-linguistic communication?
Caregiver responsiveness is thought to be a key mechanism shaping language development, but it is
unclear whether it influences infants’ intentional pre-linguistic communication to the same extent. Our
aim was to test whether an early communication intervention would influence caregiver responsiveness
and thereby promote infant pre-linguistic communication prior to the onset of spoken language (at 12
months). When their infants were around 6 months, 435 socioeconomically-diverse caregivers were
randomly assigned to either a language intervention (n = 218) or an active control intervention (n = 217).
Three times a month, for 18 months, caregivers received text messages containing links to online video
resources. Videos focussed on caregiver linguistic responsiveness in the language intervention condition
and physical health in the active control condition. When infants were 12 months old, 133 caregivers (65
language intervention, 68 active control intervention) recorded 5-minute videos of them and their child
interacting at home. These were analysed for infant pre-linguistic acts and caregiver responses to these
acts. Pre-registered analyses revealed a significant increase in the frequency of infants’ intentional
prelinguistic communicative acts and caregivers’ semantically contingent responses. Thus, an
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intervention to promote caregiver responsiveness had a causal effect on prelinguistic behaviours that
form a key stepping stone to language.

Second, what early-occurring sequences of interactive behaviour best predict later vocabulary
outcomes? While there is robust evidence that infant prelinguistic acts and caregiver talk separately
predict later child vocabulary, recent exploratory work suggests that, around children’s first birthdays,
the strongest predictor of vocabulary growth over the second year is the dyadic combination of
intentional infant communication (vocal and gestural) with a prompt, relevant caregiver responses. Our
aim was to use the above-mentioned dataset to test the hypotheses generated by prior exploratory
work with a new sample, and furthermore pinpoint whether semantically related responses supported
language beyond prompt vocal responses alone. Using vocabulary outcome data collected when infants
were 17 months, we compared the relative predictive value for later vocabulary outcomes of infant
communication measured at 12 months, and of different dyadic combinations of infant communication
and caregivers’ response. In line with our pre-registered predictions, receiving a response to
communication facilitated vocabulary development. However, in contrast to our predictions, responses
without semantically relevant content were the strongest predictors of later vocabulary, suggesting that,
at least in this socioeconomically-diverse sample, the promptness of caregiver responses may be
especially important for supporting expressive vocabulary regardless of semantic content.

Abstract 4

Abstract 4 title: Automatic coding of contingency in early child-caregiver conversations: Towards a
large-scale investigation

Abstract 4 text: Contingency is one of the most important skills children need to develop to be able to
communicate with people around them. Part of this skill relies on the ability to coordinate the timing of
one’s conversational moves (e.g., turn-taking). Another part — which | study here — relies on the ability to
contribute to the interaction with relevant content. This latter aspect is the glue that makes
conversation different from a “succession of disconnected remarks” (Grice, 1975) or “collective
monologues” (Piaget, 1926).

| will consider two main aspects of content contingency that children have to learn. The first concerns
the ability to follow the broad structure of a conversation. Indeed, conversations are typically structured
into units of communication called adjacency pairs (Schegloff et al., 1973). For example, children need
to know that a question should be followed by an answer and that a request should be followed by
acceptance or refusal. A second — but related — aspect is topic continuity. Indeed, contingency requires
not only using the right category (e.g., a response to a question) but also the relevant words (e.g., the
response should engage with the question being asked).

While both aspects have been studied in the developmental literature (e.g., Bloom et al., 1976; Keenan
and Klein, 1975; Abbot-Smith et al., 2023), our current knowledge is typically based on small-scale
studies. Social interaction, however, can be highly variable and context-sensitive, and drawing general
developmental patterns requires an investigation at a much larger scale and across a wide variety of
contexts. The challenge is that measuring conversational contingency in naturalistic data requires labor-
intensive annotation, which is prohibitively expensive to deploy at scale.
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| will show that recent advances in Natural Language Processing can help us overcome this challenge
through automation:

- For measuring adjacency pairs, the crucial step is automatically mapping utterances to their
speech act categories. To this end, our model — inspired by state-of-the-art literature on speech
act detection in adult dialog systems — was trained/tested on the New England corpus (Snow et
al., 1996), which was (manually) annotated with a child-appropriate coding scheme called the
Inventory of Communicative Acts Abridged (INCA-A, Ninio et al., 1994).

- For topic continuity, we similarly turned to state-of-the-art modeling in dialog systems and
used a pre-trained transformer neural network based on BERT (Delvin et al., 2019). We fine-
tuned this pre-trained model on a set of utterances from the New England Coprus, which we
manually annotated for contingency.

Both models achieved near-human-level inter-rater reliability. Next, we used them to automatically
annotate the entire English-language subset of CHILDES (MacWhinney, 2000), for children aged 14 to 32
months old. The automatic annotation showed that several patterns regarding the emergence of
dependency structure and topic continuity — previously obtained with small-scale studies — are robust
to a much larger sample size (10 to 100 times larger) and a diverse set of children and conversational
contexts.

S.08 Examining the socioemotional dynamics of early language learning

Elise Breitfeld !, Monica Ellwood-Lowe 2, Mira Nencheva 3, Madeleine Bruce *

1 University of Wisconsin, Madison, 2 University of Pennsylvania, 3 Princeton University, * Univeristy of
Utah

Summary

In children’s lives, language and emotion unfold in parallel. This symposium uses diverse methods to
explore how socioemotional dynamics impact language learning. Paper 1 reveals that high arousal and
positive affect support word learning and communication in a natural language sample. Paper 2
demonstrates that toddlers learn words better from individuals they have had more positive social
experience with. Paper 3 presents a developmental pathway linking parental socioemotional factors to
infants’ language. Paper 4 uncovers unique family-level patterns in these links between life
circumstances, parent affect, and language. Together, these studies present a nuanced view of the role
of affect in language learning. For example, Papers 1 and 2 suggest that positive affect supports
language, while Paper 4 reveals that some parents use more language with negative affect. Across
timescales from one-off interactions to years (Paper 3), the socioemotional landscape impacts children’s
language.

Details

Abstract 1, Natural dynamics of caregiver-child affect are linked to communication and children’s
word knowledge: Children learn language in the context of rich social interactions that unfold in parallel
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with continuous emotional experiences. Emotions are highly dynamic (Thornton & Tamir, 2017;
Nencheva et al, Preprint), fill 90% of waking hours (Trampe et al., 2015), and affect memory (Hannah &
Stevens, 2013), learning (Singh et al., 2004) and communication (daSilva et al., 2021; Fields-Olivieri et al.,
2020). Yet, we know little about how fluctuations in affect relate to word learning and communication in
real-world contexts. In a two-part investigation, we examined how caregiver-child affect relates to (1)
children’s word knowledge, (2) the quality of communication.

In a new, densely sampled corpus with caregiver-child dyads (24-30mo), each dyad contributed two day-
long audio LENA recordings, 13 daily reports of caregiver’s own affect and their perceptions of their
child’s affect, and a vocabulary questionnaire (MCDI; Fenson, 2007). Affect was measured in terms of
valence (positive vs. negative) and arousal (high vs. low energy). These data were collected from a
preregistered sample of 25 dyads. Affect-related measures were z-scored by participant, making their
values relative to the dyad’s average state.

In Study 1 we investigated whether the affective contexts in which children hear words relate to
children’s knowledge of those words. We marked which words from the MCDI questionnaire were used
by the caregiver in the 5 minutes before and after each affect survey. This resulted in 14,553 instances
spread across 657 words. For each participant, we computed the proportion of instances that each word
occurred in four quadrants based on the child’s affect: higher vs. lower arousal, and higher vs. lower
valence. A logistic mixed-effects regression showed that the proportion of word tokens occurring in
positive or higher arousal contexts was positively associated with children’s knowledge of the word —
controlling for overall frequency (Fig.1). Additionally, the proportion of instances in lower-arousal,
lower-valence contexts was negatively associated with knowledge of the word. This finding suggests
that emotion dynamics — both valence and arousal — are a key factor in understanding children’s word
learning.

One way that positive or high arousal contexts may support word learning is by improving the quality of
caregiver-child communication. Study 2 extracted automated count estimates from LENA recordings of
adult words, child vocalizations, and conversational turns spanning the 15 minutes before and after each
affect survey. Caregiver and child arousal were positively associated with all three communication
measures, and valence had smaller but similar effects (Fig.2). That is, periods of positive affect or high
arousal were associated with richer communication, whereas negative, low-arousal periods contained
less speech and turn-taking.

In a mediation analysis, we found that conversational-turn counts partially mediated the relation
between affect and word production, suggesting that moments of positive valence or high arousal
support word learning in part by providing richer communication.

This investigation expands the definition of word-learning contexts to include the internal affective

states of caregivers and children and the communicative behaviors associated with them. Together,
these studies underscore the value of looking beyond linguistic communication to understand how

children learn language.

Abstract 2, Toddlers’ prior social experience with speakers influences word learning: Why are some
word-learning moments more effective than others? One factor is that young children prefer, and retain
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more information from, familiar social partners, such as their mothers, or teachers (e.g., Corriveau &
Harris, 2009; Kinzler et al., 2011; van Rooijen et al., 2019). However, the factors that drive children’s
affinity for learning from familiar social partners remain understudied. Existing literature has largely
focused on differences in learning as the result of the quantity of prior experience children have with
different people. The current work takes a novel approach by examining effects of quality of prior
experiences, while controlling for the amount of experience. Specifically, we tested the hypothesis that
children learn more from social partners who, in the past, behaved in ways that are engaging and
beneficial to learning.

Toddlers (27-29 months, N=40) were taught labels for novel objects by two experimenters. Prior to word
learning, toddlers watched pre-recorded videos of one experimenter behaving in an engaging way (i.e.,
using infant-directed speech, gestures, eye contact, and positive affect) and one experimenter behaving
in an unengaging way (i.e., using adult-directed speech, no gestures, no eye contact, and neutral affect).
Both experimenters were equally engaging during the word learning phase. Word learning was then
tested using a looking-while-listening paradigm (Figure 1A). This design allowed us to equate the
guantity of toddlers’ previous experience with each speaker while manipulating the quality of those
previous experiences (counterbalanced across participants).

The results were consistent with our hypothesis. On trials testing words taught by the previously-
engaging experimenter (Engaged trials), toddlers fixated the target object significantly above chance
(b=0.09, F(1,38.12)=15.99, p<.001). However, on trials testing words taught by the previously-
unengaging experimenter (Unengaged trials), toddlers did not fixate the target object above chance
(b=0.03, F(1,38.00)=1.22, p=0.28). Average accuracy across the critical window (300-1800ms after
target-word onset) was marginally significantly different between trial types (b=0.06, F(1,38.10)=3.63,
p=0.064, Figure 1B). Two exploratory analyses provided converging evidence suggesting better learning
from the previously-engaging experimenter. A cluster-based permutation analysis revealed a significant
difference in accuracy between Engaged and Unengaged trials from 667-1033ms (t =67.92, p=0.05,
Figure 1C). A growth curve analysis revealed that toddlers’ accuracy in fixating the target object was
greater (b=0.24, t=2.06, p=.039) and increased more quickly on Engaged trials than Unengaged trials
(b=-0.54, t=1.95, p=.051). These data support our conclusion that previous experience with an engaging
social partner facilitates word learning.

The results highlight the importance of examining the broader social context in which word learning is
embedded. The ways that adults interact with children can be determined by a wide variety of factors,
including their relationship with the child, their mental health status, and their cultural community, and
this variability may help to explain why some word learning moments are more effective than others.

Abstract 3, Perinatal predictors of language development: Exploring the association between maternal
emotion dysregulation and infant vocabulary acquisition: Language emerges in the context of social
interactions as infants rely on caregivers for exposure to rich and diverse speech (Weisleder & Fernald,
2013). Mothers endorsing symptoms of depression have been shown to produce less contingent, infant-
directed speech, which is thought to have downstream effects on infant language (Lam-Cassettari et al.,
2020). The existing literature has largely focused on broad, diagnostic categories of psychopathology
(e.g., maternal depression), which limits our understanding of the transdiagnostic markers of maternal
dysfunction evident during prenatal development. Additionally, few studies have identified 1) the
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mechanisms underlying the relation between maternal psychopathology and infant language
development, and 2) modifiable protective factors that may mitigate infant risk for poor language
outcomes. Thus, the current study sought to address the following questions: First, does maternal
emotion dysregulation during pregnancy predict infant language via maternal life stress measured
during the first postnatal year? Second, does maternal mindfulness during pregnancy moderate this
developmental pathway? In other words, does prenatal mindfulness protect against adverse language
outcomes among children of dysregulated mothers?

Data were collected from 385 mother-infant dyads (51.7% female) who participated in a longitudinal
study spanning pregnancy through 18-months postpartum. During the prenatal lab visit, expectant
mothers completed self-report measures assessing their emotion dysregulation (Difficulties in Emotion
Regulation Scale; Gratz & Roemer, 2004) and their mindfulness during pregnancy (Mindful Attention and
Awareness Scale; Brown & Ryan, 2003). At 7-months, mothers’ stress levels were assessed across five
domains using the Everyday Stress Index (Hall et al., 1985): Role overload, financial concerns, parenting
worries, employment problems, and interpersonal conflict. At 18-months, mothers reported their
infants expressive and receptive vocabulary size using the MacArthur-Bates Communicative
Development Inventories (Fenson et al., 2007).

Descriptive statistics and correlations are reported in Table 1. Path analysis was used to examine the
relations between perinatal maternal factors and infant language outcomes, and acceptable model fit
was achieved, x2(12)=21.41, p=0.04; RMSEA=0.05, SRMR=0.06, CFI=0.91 (Figure 1). Expectant mothers
who reported greater emotion dysregulation experienced higher levels of everyday stress at 7-months
postpartum (f=0.19, p=0.05). This relation was not moderated by maternal mindfulness during
pregnancy; rather, maternal mindfulness exerted a direct effect on mothers’ stress levels at 7-months
(B=-0.23, p=0.01). Additionally, mothers reporting high stress levels at 7-months had toddlers with
smaller expressive vocabularies at 18-months (B=-0.18, p=0.02). Finally, mothers’ postpartum stress
level emerged as a mechanism through which both prenatal emotional dysregulation and mindfulness
during pregnancy indirectly influenced infant expressive vocabulary (B=-0.03, SE=0.02, 95% Cl [-0.096,-
0.002] and B=0.04, SE=0.02, 95% CI [0.005,0.103], respectively). This study uncovers a novel
developmental pathway through which perinatal risk and protective factors predict infant language
development. Our findings suggest that interventions targeting maternal mindfulness and emotion
regulation during pregnancy may reduce mothers’ everyday stress levels during the postpartum period,
which may in turn promote expressive language development in infancy.

Abstract 4, Happy talkers, sad talkers: Heterogeneity in caregivers’ day-to-day affect and child-
directed speech: Variability in parents’ speech with their children (child-directed speech, CDS)
contributes to individual differences in children’s vocabulary development. But what explains variability
in CDS? Research points to caregivers’ affect as a potential driver of differences in CDS, suggesting that
caregivers may talk more with their children when feeling more positive, or more aroused. However,
much of this research has been confounded by context—some contexts may elicit both more affective
arousal and more CDS. A consistent daily context is needed to isolate the factors that influence parents’
affect, and to test whether these day-to-day shifts in affect in turn influence CDS. We had two main
guestions. First, what factors are related to parents feeling more positive and less negative in the same,
child-centered context—children’s bath times—each day? Second, how do these same experiences
relate to parents’ CDS quantity during bath time?

38 Back to top



C
ICIS 2024 Abstract Book i -

We took an experience sampling approach, asking socioeconomically-diverse English-speaking American
caregivers to audio-record an interaction with their child—their bath time—each day, for 20-60 days.
Caregivers also filled out a daily survey that captured their positive and negative affect (using the PANAS
scale), worries, sleep, and how they spent their time that day, and any financial assistance received (e.g.,
government stimulus check). Finally, family-level variables were linked with national daily data related
to the pandemic (e.g., COVID cases). Children ranged in age from 18-26 months at study start. Here, we
analyze 41 families with complete survey data for more than 20 days; additionally, we analyze an initial
19 families for whom 733 bath time recordings have been transcribed and coded (Mage=21.62mo.;
Mrecording duration=18.88min.). We performed separate cross-validated ridge regressions for each
family, to explore which variables explain variability in (1) parents’ positive and negative affect, and (2)
their speech to their children. These analyses deal well with multi-collinearity. Finally, we performed
community detection network analyses to identify clusters of families who shared similar predictors of
affect and CDS.

Commonalities in predictors of affect. We found that most parents feel more positive and less negative
with more sleep, leisure time, and increasing nation-wide vaccinations, and when feeling less worried
(ps<.05). Cluster analyses revealed that these effects were generally consistent across families.
Divergent predictors of CDS. In contrast, we found considerable heterogeneity in factors that relate to
parents’ CDS (Figure 1). We identified three clusters of families (Figure 2): (1) a group that talks more
when feeling more positive and less negative, in line with prior research (N=7); (2) a group that talks
more when feeling more neutral (i.e., less positive and less negative; N=8); and (3) a group that talks
more when feeling more negative (i.e., more negative and more worried; N=3).

Our analyses reveal that parents’ language is sensitive to shifts in their day-to-day experiences, but also
that the factors parents are most sensitive to vary across families. In addition, our analyses offer unique
insight into the factors that confer risks versus benefits for parents’ mental health.

S.09 The bodily self in typical development and in visually impaired and motor impaired
contexts

Francesca Garbarini !, David Lewkowicz 2, Andrew Bremner 3, Monica Gori *

L University of Turin, % Yale University, 3 University of Birmingham, # Istituto Italiano di Tecnologia

Summary

This symposium deals with bodily self-representation in typical and atypical development. In the first
talk, Andy Bremner will address typical development, presenting electrophysiological evidence of the
multisensory foundations of body representations in the first year of life. The second and third talks will
address atypical development in two deprivation models. Monica Gori will discuss the crossmodal
impact of visual experience on early somatosensory and auditory processing, via behavioral and
electrophysiological evidence in visually impaired and sighted infants. Francesca Garbarini will discuss
the role of motor experience in shaping the multisensory representation of the bodily self in space, via
evidence from congenital and acquired motor deprivation. The symposium will demonstrate the role of
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early crossmodal interactions in the developing bodily self with David Lewkowicz discussing the research
in the context of the wider literature on multisensory development.

Details

Abstract 1, Development of the multisensory foundations of body representations in the first year of
life: A role of tactile-visual crossmodal attention

Introduction

As adults, we typically possess an ability to orient attention between different (and often fleeting)
sensory cues (“crossmodal attention”). Despite considerable research into the early development of
multisensory perception, including selective attention to multisensory stimuli, we know little about early
abilities to coordinate selective attentional shifts between different sense modalities. This ability may
play a crucial role in sensing and learning about the bodily self, e.g., enabling infants to spatially orient
their attention to visually or auditorily process an object that has given rise to a tactile sensation (e.g.,
the unexpected brush of a surface as the hand moves past it). Here we report the findings of a study in
which we investigated tactile to visual crossmodal links in covert spatial attention using event-related
potentials (ERP) with 5- and 7-month-old infants.

Hypotheses

Whilst evidence indicates that exogenous cuing of covert spatial attention in vision is established by 5
months of age, no studies of which we know have yet examined crossmodal cuing effects between the
senses (e.g., the cuing of faster orienting to or greater processing of a visual stimulus by a prior tactile
cue). However, because studies of overt crossmodal visual orienting responses to tactile stimuli
develops in the second half of the first year, we predicted that we would find evidence of crossmodal
tactile cuing of visual attention in older (7-month-old), but not younger (5-month-old) infants.

Study population

The 5-month-old group of infants (n=19, 12 female) were aged on average 21.77 weeks (SD = 1.68
weeks, range: 19.14-24 weeks). The 7-month-old group of infants (n-19, 10 female) were aged on
average 32.4 weeks (SD = 1.26 weeks, range: 30.14-36 weeks). Infants were recruited from a database of
participants of mixed but predominantly Caucasian ethnicity.

Methods

Trials from three conditions were presented (Fig. 1A). In all, a vibrotactile cue on one hand was
presented, followed after 150 ms by either: i) a visual probe on the same hand (Congruent condition), ii)
on the opposite hand (Incongruent condition), or iii) by no visual probe (No Probe condition). The No-
Probe trials were included as a control to ensure that any effects of condition on EEG responses to the
visual probe were not influenced by purely somatosensory activity propagating to visual electrodes (see
EEG Recording and Analyses). We recorded the infants’ brain activity throughout the study using
electroencephalography (EEG) and analysed the visual evoked potentials (VEPs) measured in response
to the visual stimuli. We calculated a difference waveform between the trials with and without the visual
probe to measure and compare purely the visual responses and ensure that the tactile influences
common across all trials, were removed by the subtraction. We then compared the difference
waveforms for the Congruent vs the Incongruent conditions.

40 Back to top



C
ICIS 2024 Abstract Book i -

Results

The 7-, but not the 5-month-old infants showed evidence of the influence of a prior tactile cue on
processing of a subsequent visual stimulus presented at the same location (Fig. 1B/C). This suggests that
crossmodal spatial attention between touch and vision undergoes development across the first year.

Abstract 2, Shaping Perception: Unraveling the Influence of Visual Experience on Early Somatosensory
Remapping

Introduction

Perceiving our body and its boundaries is crucial for developing everyday skills. However, appropriately
integrating all sensory inputs concerning the body and external space is a significant computational
challenge, particularly when the sense organs move with respect to each other. For instance, when the
hands move into a non-canonical crossed-hands posture, adults rapidly locate a touch to the hand
resting where the touch would have been in a canonical uncrossed-hands posture, but then remap the
touch to locate it on the hand where it occurred: “somatosensory remapping”, a process which is
observable in infant behavioral and neural responses from 10 months of age. Here, we report the
findings of a study of somatosensory remapping in the brain and behavior in severely visually impaired
(SVI) compared to sighted (S) infants.

Hypotheses
We investigated the hypothesis that visual experience in infancy underpins the developmental
construction of somatosensory spatial representation and remapping.

Study population
The experiment was performed in 11 sighted (S) and 11 severely visually impaired (SVI) infants between
5 and 36 months.

Methods

We measured behavioral orienting responses and event-related potentials (ERPs) in response to
auditory and tactile stimuli, comparing these across uncrossed- and crossed-hands posture conditions.
Thus, four different stimulus conditions (Tactile Uncrossed / Tactile Crossed / Auditory Uncrossed /
Auditory Crossed) were presented across 6 blocks of trials, with 12 trials in each condition, and a
maximum of 48 trials overall. Brain electrical activity was recorded continuously using a Hydrocel
Geodesic Sensor Net, consisting of 128 silver—silver chloride electrodes evenly distributed across the
scalp. The vertex served as the reference during the recording. In the infants’ behavioral responses to
each stimulus, the direction and type (hand, head) of the infants’ first orienting responses to the stimuli
on each trial were coded from the video records by two raters naive to the purpose of the study, and
blind to the site of the stimulus.

Results

Comparing S and SVI infants, our findings confirm the role of visual experience in mediating tactile but
not auditory brain processes in external space. Our behavioral results confirmed our previous findings
(Gori et al., 2021). ERP responses to auditory stimuli did not differ between groups and were not
modulated by limb position in either group. For somatosensory responses, SVI infants showed a
heightened contralateral somatosensory response in the crossed-hands posture, which correlated with
the direction of their behavioral orienting responses. This response is more pronounced in SVI infants
than their sighted counterparts during the early time window. In contrast, sighted infants exhibit a later
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modaulation of the ipsilateral somatosensory response by posture, which correlates with their behavioral
reactions. This suggests that SVI children stay anchored to body coordinates in the early years, while
sighted children shift towards an external reference space, revealing a two-step somatosensory
processing mechanism. These findings underscore the existence of a specific temporal hierarchy that is
behaviorally relevant in the impact of vision on somatosensory processing, emphasizing its role in the
early stages of life.

Abstract 3, The role of early motor experiences in shaping multisensory representation of the bodily
self in space: evidence from acquired and congenital sensorimotor deprivation

Introduction

Spatially organized multisensory integration (MSI) is considered a hallmark of the bodily-self
representation in space. While influential studies investigated the role of visual deprivation in shaping
this representation, less attention has been paid to motor deprivation. Electrophysiological studies in
non-human primates show that multimodal neurons encode multisensory bodily stimuli in body-centred
reference frames by anchoring visual, auditory and tactile receptive fields to a given body part by means
of proprioceptive inputs. Thereby, the motor context seems to play a crucial role in shaping this
mechanism. Here, to challenge the idea that early motor experience is the typical developmental
context that allows the emergence of multisensory representation of body effectors, we exploited the
atypical development of hemiplegic children with cerebral palsy (CP). In this population, the deprivation
of hand movements since birth should have prevented proprioceptive input to anchor multisensory
stimuli in a hand-centered reference frame, thus leading to an altered multisensory representation of
the affected hand in space.

Hypotheses

We formulated our hypotheses on the comparison between acquired and congenital motor deprivation.
While individuals with acquired motor deprivation should show a spatially organized multisensory
integration due to their previous motor experiences, we anticipated that CP children with congenital
motor deprivation should not, since multisensory stimuli have not been anchored to proprioceptive
inputs through development.

Study population

Post-stroke patients with acquired upper-limb hemiplegia (N=11; 6 females; 8 right-brain damage;
55.2+13.8 years).

CP children with congenital upper-limb hemiplegia (N=4; 1 female, 3 right-brain damage; 10.7+2.2
years). Two groups of 20 controls age-matched to acquired (12 females; 63.2+16.1 years) and congenital
(10 females; 13.5%5.3 years) populations. For the ICIS 2024, we plan to acquire 20 hemiplegic patients
and 20 CP children.

Methods

Participants were asked to provide speeded responses to tactile stimulation on their left or right hand
(in different sessions) which could be delivered alone (T-trials) or concomitantly with a visual stimulus
(VT-trials). Faster reaction times (RTs) to bimodal (VT) than unimodal (T) stimuli should show a MSI
facilitation. To test a spatially organized MSI (body-proximity effect), we manipulated the proximity of
the visual stimulus to the hand by leveraging a postural manipulation where the hand was passively
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moved either near or far from the visual stimulus. Faster RTs to bimodal Near than Far stimuli should
show a body-proximity effect.

Results

Patients with acquired motor deprivation showed, in both intact and affected sides, a body-proximity
effect (significantly greater MSI facilitation in Near than in Far conditions) comparable to that found in
their controls. CP children with congenital motor deprivation showed a body-proximity effect
comparable to their controls only in the intact side, while no difference between Near and Far
conditions was present in the affected side. These preliminary results, if confirmed in the whole sample,
may suggest that early motor experiences play a crucial role in shaping multisensory representation of
the bodily-self in space. From a clinical perspective, this can also promote new rehabilitation
interventions focusing on body representation deficits in CP children and on their interaction with
functional outcomes.

S.10 Novel Approaches and Insights into the Psychophysiological Underpinnings of Social
Development

Julia Yurkovic-Harding 1, Drew Abney 2, Jeremy Borjon 3, Mitsuhiko Ishikawa *

L University of South Carolina, 2 University of Georgia,  University of Houston, # Doshisha University

Summary

Infant physiological regulation is predictive of later social and emotional development. However, little is
known about how moment-by-moment changes in infant physiology support the infant’s production of
social behaviors or engagement with the parent. Elucidating the mechanistic role of physiology on social
development requires the development of fine-grained measures of physiology. The goal of the current
symposium is to present four talks that employ distinct and innovative measures of infant physiology
and focuses on a different social behavioral outcome (i.e., smiling, vocalization) in a different age group
(ranging from 3- to 25-month-olds). The ensuing discussion (led by all presenting authors) will focus on
how physiological theory informs methods, as well as the validity of these new methods. Each talk found
significant relationships between infant physiology and concurrent social behavior, and the implications
for future research will also be discussed.

Details

Abstract 1: Dynamics of RSA Reveal differences in Physiology Surrounding Social Smiles for Infants at
Elevated- and Low-Likelihood for ASD

Introduction. Respiratory sinus arrhythmia (RSA) is an index of physiological regulation that measures
fluctuation in heart rate as a function of breathing rate (Richards, 1985, 1987). High RSA supports
concurrent stimulus engagement (Richards & Casey, 1992) and is predictive of later social abilities
(Mateus et al., 2018). Evidence suggests that RSA in children with autism spectrum disorder (ASD) is
atypical and precedes the social difficulties that characterize the disorder (Patriquin et al., 2013). Despite
its potential as an early mechanism of social development, RSA has not been studied in young infants
with ASD. We therefore aim to understand changes in RSA surrounding social smiling, the first social
behavior to emerge in infancy (Lavelli & Fogel, 2005). Infants smile in response to their parent and elicit
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further social behaviors from the parent (Symons & Moran, 1994), thereby laying the foundation for
reciprocal social communication.

Participants and Study. Participants are 81 infants at elevated likelihood (EL, n=28) or low likelihood (LL,
n=53) for ASD who were part of a longitudinal study. Data from 3- and 4-month visits (n=113) were
included. Dyads engaged in face-to-face play for 5 minutes while infants wore heart rate monitors.
Moments of social smiling were identified by the infant both looking to and smiling at the parent.
Interbeat intervals (IBls) were identified from the raw heart rate data.

RSA Analysis. Predominant theories of RSA differ in their interpretation of RSA as either a tonic
phenomenon that should be evaluated over long timescales or a phasic phenomenon that should be
evaluated at the same timescale as respiration. Extant measures built on tonic theories are only
validated for dynamics occurring across >15s windows (Abney et al., 2021). However, these windows of
time may be too coarse to capture RSA related to social smiles, which are ~3.5s long and temporally
coupled with looks at ~4s latencies (Yurkovic-Harding & Bradshaw, Under Review). The current study
therefore leverages continuous wavelet transforms to calculate RSA, which are valid for dynamics at 2s,
thereby coordinating with the phase of infant respiration. (Richards et al., In Prep). A significant portion
of this talk will validate this innovative analysis.

Results. RSA across the full session did not differ as a function of age, group, or age x group (all p>.09).
We next calculated change in RSA preceding and following social smiles. We fit a linear model to the age
x group means and used a bootstrap analysis to compare intercepts and slopes (Figure 1a). 3mo LL
infants had a significantly lower levels of RSA before smile onset compared to 4mo LL infants (p<.05).
Additionally, 3mo LL infant RSA increased more quickly than both 3mo EL infants (p<.05) and 4mo LL
infants (p=.01). There were no differences in RSA during smiles (all p>.07) or in the dynamics of RSA
following smile offset (all p>.07).

Discussion. The physiological systems of 3mo LL infants appear to coordinate with and support the onset
of social behaviors. This was not the case for 3mo EL infants or 4mo infants. Increased physiological
regulation in 3mo LL infants may reflect engagement with the parent and may lead to deeper processing
of the social interaction (Richards & Casey, 1992). An absence of this effect in EL infants may suggest
that, while they are able to engage in social interactions, they may not be as fully physiologically
engaged with them. This coincides with recent findings that the temporal dynamics of looking and
smiling differ in EL relative to LL infants (Yurkovic-Harding & Bradshaw, Under Review). Future work

will aim to predict social communication outcomes from the relationship between RSA and smiling in
both groups.

Abstract 2: Infants’ physiological dynamics are elevated during long bouts of mutual positive
engagement with their mothers

The ability of human infants to dynamically adapt their physiological states to changing social demands
is critical for the development of emotion regulation. While decades of research have demonstrated
that infants’ physiological states can be adaptive to changing environmental demands and infant-
caregiver, what is known about how an infant’s physiological system changes is inadequately
understood because the timescale of measurement of both physiology and behavior may be
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incommensurate. For example, most research studying psychophysiological indices of emotion
regulation aggregate estimates of physiology and behaviors at time epochs of fifteen or thirty seconds,
which is likely too coarse to capture key dynamic responses occurring at faster timescales.

How do infants’ physiological dynamics change during bouts of social engagement with a parent at a
second-to-second timescale? Here, we investigated infant physiological dynamics using a large sample
of 974 infant-mother dyads and analyzed changes in respiratory sinus arrythmia (RSA) around the onset
of bouts of various types of social behaviors. Using time-locked infant physiology data and micro-coded
behavioral data from infant-mother matched and mismatched social engagement states, we first
guantified the proportion of time infant-mother dyads spent in matched and mismatched social
engagement states during the three phases of the Face-to-Face Still Face (FFSF) paradigm (see Figure
1b). We then examined the temporal dynamics of RSA by extracting empirical RSA series and randomly-
chosen RSA series 10s before to 10s after the onset of bouts of specific social behaviors. We
hypothesized that changes in infants’ RSA would occur around the temporal proximity of bouts of social
behaviors with their mothers. Specifically, given that high baseline RSA levels are associated with higher
propensities for emotion and behavioral adaptivity, we expected infants’ RSA levels would increase
around the temporal proximity of positive social behaviors with their mothers.

Overall, we found that infants’ RSA was elevated during bouts of mutual positive engagement with their
mothers, but not during bouts of mutual negative engagement or mutual neutral engagement.
Moreover, infants’ RSA began to increase more than five seconds before the onset of bouts of mutual
positive engagement and there were no such dynamic changes before or during bouts of infant positive
engagement or bouts of mother positive engagement when no positive expressions from the mother or
the infant occurred, respectively. Finally, increases in infants’ RSA before and during bouts of mutual
positive engagement were more robust and occurred more frequently for longer bouts. Our findings
suggest the possibility of bi-directional associations between ongoing social interactions and infant
physiological reactivity, which has important implications for typical and atypical development and can
lead to new theoretical models of emotion regulation that integrate properties of physiology and
behavior at closer to real-time timescales.

Abstract 3: A subset of infant vocal productions is timed to ongoing fluctuations in heart rate during
play with a caregiver

While very young infants cry to regulate their autonomic state (Zeskind 1985), it is less known what
other types of vocalizations regulate arousal or relate to heart rate fluctuations, a possibility that
motivated the present study. Nonhuman primates time spontaneous contact calls to oscillations in heart
rate, regulating their autonomic state (Borjon, et al, 2016). Like nonhuman primates and other
mammals, human infant vocalizations are produced by vibrating the vocal folds, pushing air through the
airways, and coordinating multiple articulatory muscles (Ghazanfar & Rendall, 2008). Inhalation and
exhalation cause increases and decreases in heart rate. This process dynamically interacts with
baroreceptor activity in the aortic arch producing rhythmic oscillations in heart rate and blood pressure
(Julien, 2006). The present data demonstrate a subset of infant vocal productions are timed to
fluctuations in heart rate. These vocalizations are more likely to induce decelerations in heart rate than
non-timed vocalizations.

A total of 1,086 spontaneous vocalizations (avg(std): 87.72(40.07) emitted by 13 unique infants (5 male)
between 19 and 25 months of age (22(2.66) months) were studied. Infants participated in a session of
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naturalistic play with their caregiver using a variety of common toys in a playroom setting (656.08(98.15)
seconds in duration). Mindware mobile monitors were placed in a backpack for the child to wear while
electrocardiogram (ECG) recordings were recorded continuously at 500 Hz. ECG data were processed
using the open-source software TonaFlow. The session was recorded using wall mounted cameras and
vocalizations were manually coded from the audio recorded by these cameras using BORIS. All
vocalizations emitted by the infant were coded with an inter-onset-interval of 300ms.

Ongoing fluctuations in instantaneous heart rate were apparent in every subject for both actual heart
rate and percentile heart rate. To determine whether there was a relationship between the phase of a
heart rate oscillation and vocalization onset, heart rate was converted into phase coordinates by
calculating the angle of the heart rate’s Hilbert transform. An angle of 0° indicates the local trough of
heart rate while an angle of 180° indicates a local peak. A bootstrapped significance test revealed a
significant clustering of vocalization onsets from 150° to 240°, around the local peak. Wilcoxon rank sum
test revealed changes in heart rate after timed vocalizations were significantly different from non-timed
vocalizations (Z = -6.71, p < 0.0001): 63.96% of vocalizations timed to a peak resulted in a deceleration
while only 38.37% of non-timed vocalizations resulted in a deceleration (Figure 2a).

A subset of infant vocalizations is emitted around the local peak of heart rate and result in decelerations
in heart rate, implying possible regulation of autonomic state. Manual inspection of the timed
vocalizations did not reveal an obvious category of vocalization type (i.e. speech-like, incidental etc.).
These vocalizations are of varying content, durations, and emitted in response to varying contexts. None
were cries. Future analyses will consider vocalization type, phonetic complexity, and the posture of the
infant while producing a vocalization.

Abstract 4: Measuring infants' heart rates in gaze-following situations

Because adults' gaze direction plays a critical role in the process of social learning from the early stage of
development, infants’ gaze following behaviour has been a core topic in developmental science. To
understand the cognitive mechanism of infants’ gaze following, previous studies have examined how
infants’ gaze following is modulated by external stimuli such as the existence of communicative cues
(Senju & Csibra, 2008) and the reliability of the communicative partner (Chow, Poulin-Dubois, & Lewis,
2008). However, it remains unclear how such contextual information is integrated through internal
processing and subsequently modulates infants’ gaze following. A recent study showed that the
modulation of gaze following behaviour by preceding eye contact is partially mediated by an elevated
heart rate (Ishikawa & Itakura, 2019). In the current study, we measured infants’ heart rates in the gaze
following situations manipulating the existence of communicative cues and the reliability of the
communicative partner. It was hypothesised that both contextual factors would (1) facilitate gaze
following, and (2) the facilitation is mediated by the elevated heart rate during gaze following events.

The study involved forty-one infants aged 6 to 9 months. In the training phase, infants observed either a
reliable model, consistently gazing towards a peripheral object's location, or an unreliable model,
consistently looking away from the peripheral object's location. Subsequently, the infants watched a
video of the same model making or not making eye contact before shifting her gaze toward one of two
objects in the scene. During the task, stimuli were presented to the infants using a Tobii Spectrum Eye
Tracker (Tobii pro Lab 1.118, Tobii Technology, Stockholm, Sweden), which also recorded eye
movements at a sampling rate of 120 Hz. Furthermore, heart rate data were collected using a BIOPAC
MP160 (Biopac System, CA, USA) and a BioNomadix (BIOPAC Systems, CA, USA).
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The results indicated that both reliability and eye contact had independent effects on increasing the
frequency of gaze following and resulted in elevated heart rates. These heart rate increases, in turn,
predicted gaze following, irrespective of reliability or eye contact. In order to explore whether the
increase in heart rate mediates between contextual factors (reliability, eye contact) and gaze following,
we conducted a mediation analysis using generalized linear modelling (GLM). The outcomes of the
analysis revealed that the elevated heart rate acted as a mediator between the communicative cue
condition or reliability and gaze following (Figure 2b).

The findings imply that contextual factors, such as eye contact or reliability, increased the heart rate of
infants and consequently facilitated their gaze following. It is important to recognize that these two
contextual factors are qualitatively different: the presence of eye contact represents an immediate
visual context, while the factor of reliability is knowledge acquired from prior experiences requiring
memory modulation. This study indicated that even contextual factors with distinct qualitative
characteristics are integrated as physiological responses within internal processing, ultimately
modulating gaze following behaviour.

S.11: Forms of perinatal stress on caregiver and child outcomes
Nicole Rheinheimer !, Ana Okorn ?, Stephanie Parade 3, Victoria Jones *, Janani Prabhakar !, Marisa
Spann °, Sheehan Fisher ¢, Sarah Peoples /, Naomi Gancz ®

! Radboudumc, 2 Behavioural Science Institute, Radboud University, * E.P. Bradley Hospital, * Washington
State University, ®> National Institute on Drug Abuse, ® Columbia University, 7 Northwestern University, 8
Texas A&M University, ®> University of California, Los Angeles

Details

Abstract 1, Title: Acculturative stress and discrimination experience during pregnancy and offspring
developing brain connectivity

1. Objective

Ethnic, racial, and structural inequalities, which may lead to individual experiences of acculturative
stress and discrimination, are increasingly recognized as contributors to health, and these experiences
may affect pregnant individuals and their developing offspring. For example, acculturative stress and
discrimination can have deleterious effects on pregnant individuals” mental well-being and is associated
with depression and anxiety. This study characterized acculturation and discrimination stressors during
pregnancy in a sample of predominantly Hispanic adolescents and the associations of these stressors
with their offspring’s neonatal functional connectivity and birth outcomes.

2. Participants and Methods

A sample of 165 nulliparous predominantly Hispanic pregnant women, aged 14 to 19 years, were
recruited through obstetrics and gynecology departments at two different hospitals. Participants
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completed three self-report measures on acculturation and discrimination during the 2nd or 3rd
trimester: 1) the Acculturation, Habits, and Interests Multicultural Scale for Adolescents (AHIMSA),

2) the Short Acculturation Scale for Hispanics (SASH), and 3) the Experiences of Discrimination Scale
(EOD). They also completed measures on maternal distress. A data-driven clustering of acculturation,
discrimination, perceived stress, depressive symptoms, trauma, and sociodemographic variables during
pregnancy were performed to determine whether acculturation clustered with other types of factors.
Birth outcomes (gestational age and Apgar scores) for offspring were obtained from medical records.
Infant MRIs occurred within the first five weeks of life to assess whole-brain seed connectivity from the
right and left amygdala combined into a single seed. The time course of a reference region was
computed as average time course across all voxels in the region, and this was correlated with time
course for every other voxel in the gray matter to create a map reflecting seed-to-whole-brain
connectivity. These r-values are transformed to z-values yielding a map for each seed, representing the
strength of correlation with the seed for each participant.

3. Results

Acculturation styles loaded onto separate factors from discrimination, perceived stress, depressive
symptoms, trauma, and socioeconomic status. An optimal model of factors including only the AHIMSA
and SASH led to the following three factors: assimilation-separation, assimilation-integration, and
marginalized. Higher maternal report of assimilation-separation was associated with weaker
connectivity between the amygdala and bilateral fusiform gyrus of their neonate. Infants whose
mothers endorsed discrimination during pregnancy had weaker connectivity between the amygdala and
prefrontal cortices (medial and anterior), and stronger connectivity between the amygdala and the left
fusiform gyrus. Acculturation factors and discrimination experience during pregnancy were not
associated with offspring birth outcomes after correcting for multiple comparisons.

4. Conclusion

Our findings suggest that maternal prenatal acculturative stress and discrimination may be additional
stressors associated with neonatal functional connectivity of the amygdala. This is intriguing, as previous
literature demonstrates an association between the fusiform and ethnic or racial processing in adults.
Cautiously, results may suggest a similarity to studies with adults, noting that experience of
acculturation or discrimination may have a possible effect on amygdala circuitry across generations.
Further studies with a more diverse population of minoritized individuals and that use comprehensive
assessment of ethnic, racial, and structural stressors are needed.

Abstract 2, Title: Maternal Preconception and Prenatal Stress Impact Children’s Gut-Microbiome-Brain
Axis.

Adversity exposures in the prenatal and postnatal period are associated with an increased risk of
adverse health outcomes in the child after birth, including psychopathology. Even events occurring pre-
conception, in a mother’s own childhood, have been linked to increased health risks in offspring. Non-
human animal research has provided strong evidence that the gut-microbiome and its effects on the
brain through the gut-microbiome-brain axis, is a biological mechanism that could help to explain the
impacts of maternal stress on offspring health. In this talk | will describe data from three studies using a
sample of 450 mother-child dyads living in Singapore, that address the question of how maternal stress
is associated with offspring emotional health, and how such changes in emotional health might be
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supported by alterations in functioning along the gut-microbiome-brain axis. In the first study | will
demonstrate how maternal childhood maltreatment (pre-conception stress) is associated with
heightened internalizing symptoms in second generation children, via a pathway of worsened prenatal
anxiety and depression symptoms (prenatal stress), and postnatal maternal anxiety and depression
symptoms (postnatal stress). In the second study, | will present data showing how maternal pre-
conception, prenatal, and postnatal stressors are each associated with changes in the microbiome of
second-generation toddlers, and how those microbiome changes are in turn linked to toddler’s
emotional health. In a subset of that sample, | will then show how the microbiome of toddlers is
associated with resting state brain activity in middle childhood, that is in turn linked to later incidence of
internalizing symptoms in those same youth. Together these data will highlight the importance of
multimodal measurement of maternal stress at different stages of the lifespan in establishing the
impacts on a second generation of children. This research also centers the gut-microbiome-brain axis as
a biological system of importance in transmitting the impacts of maternal stress to offspring, especially
in ways that impact offspring emotional health.

Abstract 3, Title: How does prenatal perceived stress affect neural responses to infant cries in
expectant parents?

The perinatal period is characterized by distinct neurobiological and psychological changes initiated
prenatally, which may both facilitate postpartum caregiving and increase vulnerability to stress.
Although parents generally report increased stress during the postpartum period, with mothers
reporting higher levels of stress than fathers, less is known regarding prenatal stress and associated
neurodevelopment in parents. Parents need to adapt to the high demands of caregiving, which include
responding to salient infant cues, such as infant cries. Parents’ neural reactivity to infant cries is
especially important to understand given that infant vocalizations are the main communicative signals
infants employ during the postpartum period, and infant cries vary in both their frequency and intensity
to signal specific needs (e.g., hunger, discomfort, pain). Furthermore, it has been suggested that
prenatal maternal stress exposure is associated with postpartum neural processing of infant cries and
sensitive caregiving. Therefore, understanding the impact of perceived stress on neural responses to
infant cries prenatally in expectant parents could provide clinical insight into sensitive periods associated
with perinatal neurobiological reorganization and stress susceptibility, ultimately informing targeted
prenatal support and early interventions for parents and their children. In the current study, we used
event-related potentials to examine whether prenatal perceived stress (Perceived Stress Scale) affected
neural markers of perceptual (N1, P2) and attentional (LPP) processes elicited by high- and low-distress
infant cries in expectant mothers (n = 38) and fathers (n = 30) in their third trimester of pregnancy (M =
37 weeks; SD = 2 weeks). Results evidenced that there were no parental sex differences in prenatal
perceived stress or neural responses to infant cries. For both mothers and fathers, prenatal perceived
stress impacted parents’ sustained attentional processing (LPP) of infant cries, but not early perceptual
responses (N1, P2). Specifically, higher levels of prenatal perceived stress were associated with a greater
LPP response to low-distress, but not high-distress, infant cries. Increased attentional processing of low-
distress cries in highly stressed parents may reflect uncertainty regarding infant distress level, thereby
requiring more attentional resources to interpret ambiguous infant cues. Overall, our results suggest
that prenatal stress impacts processing of infant cries, even before birth. Clinical efforts aimed at
alleviating prenatal stress for both mothers and fathers may mitigate the negative impact of subjective
stress on the parental brain, and ultimately parent and child development.

Abstract 4, Title: Paternal mood and involvement on maternal and child outcomes.
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1. Introduction

Perinatal mental health research has not been historically inclusive of father mental health and family
involvement, but the relevance of fathers during the perinatal period in relation to maternal health and
infant/child health is starting to be recognized. In addition, treatments for maternal perinatal mood
target the mother exclusively, while fathers are an under-utilized resource to support the objectives of
perinatal psychiatric treatment and maternal mental health. This presentation highlights two studies
that examine the impact of paternal mood and parental involvement on maternal mood and
infant/toddler health. First, a longitudinal study that explored the association of maternal and paternal
postpartum depression (PPD) with toddler internalizing and externalizing behaviors while testing the
mediating roles of later parental depression and interparental conflict will be presented. The second
study, African American Social Support Effectiveness Treatment-Partners alleviating Perinatal
Depression (ASSET-PPD), is an ongoing randomized controlled trial that focuses on prevention of
postpartum depression in African American mothers by empowering fathers to support mothers’ mental
health and increase contributions to the family environment during the perinatal period.

2. Hypotheses

Study 1: The longitudinal study predicted that paternal depression would be uniquely associated with
child behavior after controlling for maternal depression. Postpartum depression was predicted to be
associated with subsequent depression, interparental conflict, and child behaviors. Study 2: The aim of
the ASSET-PPD study was for the intervention to enhance fathers’ support of maternal well-being and
increase paternal family involvement to reduce postpartum depressive symptoms in mothers and have a
positive impact on infant health.

3. Study Population & Methods

Study 1: The longitudinal study included a sample of 199 couples whose index child was an average age
of 4.5 months at the postpartum assessment and 45.5 months at the toddlerhood assessment. Both
members of the couple independently completed questionnaires including measures of parental
depression, the interparental relationship, and child internalizing and externalizing behaviors. Study 2:
The ASSET-PPD study recruited and randomized prenatal families into the treatment group or no
additional treatment group. Both groups of parents complete measures of depression/anxiety,
parenting behaviors, the co-parenting relationship, and infant behavior from the second trimester to 6
months postpartum. Fathers in the intervention group complete skill-based individual sessions of
didactics, interactive training, and trackable objectives: four prenatal training sessions and two
postpartum review sessions. Following each intervention session, fathers were asked to complete a
form evaluating the instructor’s performance and the topics.

4. Results

Findings from the longitudinal study suggest that both maternal and paternal PPD are associated with
child internalizing and externalizing behaviors primarily through the development of later parental
depression. Father depression was associated with child internalizing and externalizing behaviors after
controlling for maternal depression. Preliminary results of ASSET-PPD will be presented. The two studies
highlight the importance of exploring the impact fathers’ mental health and family involvement on child
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outcomes and family well-being and functioning. By promoting paternal mental health and involvement,
we can bolster the parental team to optimize its impact on infant/child stress and development.

Abstract 5, Title: Returning to Work After Maternity Leave: Change Trajectory and Determinants of
Maternal Postpartum Work Resumption Stress

An important event many mothers face is the transition back to work after maternity leave. While the
experience differs among mothers, for the majority of mothers this transition represents a stressor. The
stress that mothers experience in response to returning to work after maternity leave has been
conceptualized as postpartum work resumption stress (PWRS). As upon the return, mothers are faced
with both an initial transition and ongoing adjustment, their PWRS levels likely change throughout the
transition. The first goal of the current pre-registered study is to investigate whether and how levels of
PWRS change over the first six months of return in a sample of low-risk mothers of infants. While we
expect levels of PWRS to change over time, we have no specific hypothesis on the nature of this change.
Furthermore, following the Schlossberg’s transition model, a variety of factors, including an individual’s
personal situation, available support, and inner strength, can determine the ability to cope with a
transition. As such, the second goal of this study is to address factors, which mothers have identified
themselves in previous qualitative research, that could protect them from experiencing high levels of
PWRS at the moment of initial transition and over time. Specifically, we expect mothers who experience
higher levels of social and work support, have higher levels of psychological capital and are better
recovered from giving birth, take longer leave and experience more work flexibility, and have an infant
with lower levels of negative affectivity, to have lower levels of PWRS at the start and throughout the
first six months of the transition. Due to contradictory findings for the protective nature of shorter
working hours, no specific hypothesis is made for this factor.

In total, 414 mothers were recruited for the study. The data collection is currently still in progress and
will be completed in June 2024. Mothers are asked to complete online surveys two weeks before the
return to work (T-1), at the moment of return (T0), and two weeks (T1), six weeks (T2), three months
(T3) and six months (T4) after. To measure PWRS, 30-item REturn to Work INventory is used, with higher
scores indicating higher levels of stress (range 1-6).

Visual inspection of the mean level change in PWRS in a sub-sample of 343 mothers suggests that PWRS
levels decrease over the first six months of return (see Figure 1). Additionally, preliminary correlation
analyses showed mothers who experience higher levels of social support (r=-.25), work support (r=-.49)
and work flexibility (r=-.19), have higher levels of psychological capital (r=-.32), take shorter leave
(r=.25), and have an infant with lower levels of negative affectivity (r=.13) to have lower levels of PWRS
at the moment of return. In my presentation, results of the linear mixed effects model analysis, based
on the whole sample and including the determinants of maternal PWRS, will be presented and
discussed.

Abstract 6, Title: Stress-reducing Effects, Facilitators and Barriers of Time Spent Outdoors for Infants
and their Mothers

Research shows that spending time outdoors reduces mental and physiological stress. For example,
spending time in green environments has been shown to decrease cortisol concentrations and improve
mental wellbeing in children. However, this has never been studied in infants, while infants may also
benefit from stress-reducing activities, especially as their stress system is still developing. The first aim of
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this study was to assess the experimental effect of outdoor pram-walking and infant carrying on stress-
related behavioral and physiological measures in infants (sleep and cortisol recovery) and their mothers
(mood and cortisol levels). Furthermore, children spend only 15% of their waketime outdoors,
potentially due to increasing urbanicity in the past decades. The second aim of this study was therefore
to identify facilitators and barriers for mothers to perform outdoor activities with their infant (e.g.,
outdoor walking, infant outdoor sleeping).

We performed a randomized controlled trial (RCT). After exposing the infant to a naturalistic laboratory
stressor, mother-infant dyads (N=100) were randomly allocated to one of four conditions: walking in a
green environment with a pram (a) or walking in a green environment with an infant carrier (b), or
staying indoors with the infant in a pram (c) or staying indoors while holding/carrying the infant (d). We
assessed effects of the conditions on infant sleep and salivary cortisol recovery, as well as maternal
cortisol and mood. To assess facilitators and barriers of outdoor activities, we performed an online
survey among mothers of 0-to-12-month-old infants (N=1275). We assessed the frequency of outdoor
walking with the infants, infant carrying, and infant outdoor sleeping. We performed data-driven
analyses to identify associations of these outdoor activities with demographic characteristics.

In the RCT, we found that infants slept significantly more if they were taken for a walk after the stressor,
as compared to staying indoors. Preliminary analyses show a higher decrease in cortisol levels when
infants were carried and held, as opposed to being in a pram, regardless of whether they were going for
a walk or staying indoors. Likewise, mothers showed significantly lower cortisol levels after carrying their
infant, as compared to using a pram. As for facilitators and barriers of mothers performing outdoor
activities with their infants, we found that working mothers went on outdoor walks with their infants
significantly less as compared to mothers on maternity leave or unemployed. Mothers were more likely
to go for outdoor walks with an infant carrier when they were highly educated and if they had more
than one child. Infants of mothers with lower education, as well as infants living in apartments were less
likely to sleep outdoors. Other associations of sample characteristics with outdoor activities will be
presented during the talk.

The current project delivers novel experimental evidence for the effects of outdoor walking and infant
carrying on stress-related behavioral and physiological measures in infants and their mothers. The
findings are important for perinatal healthcare, urban planning, and policies regarding maternity leave.

Abstract 7, Title: Prenatal Attachment and Infant Temperament: The Mediating Role of Postpartum
Mental Health

This study examined relations between prenatal attachment, postpartum mental health, and infant
temperament. It was hypothesized that prenatal attachment would be a protective factor — more
bonding with the fetus would be associated with lower depression and anxiety. Less prenatal
attachment/bonding and greater postnatal maternal anxiety and depression were expected to be
associated with more difficult temperament profiles (i.e., greater negative affectivity).

Analyses were conducted to evaluate if postpartum depression and anxiety mediated the relationship
between prenatal attachment and infant temperament factors (Positive Affect/Surgency, Negative
Affectivity, Regulatory Capacity). The sample (N = 136) primarily consisted of white (86.96%), partnered
(95.65%), working (88.41%) women (M Age = 32.29 years, SD = 3.85) with multiple children (60.14%).
Approximately half of the infants in the sample were female (49.64%). Prenatal attachment was
assessed during the third trimester of pregnancy (M = 31.12 weeks gestation, SD = 3.48). Maternal
mental health and infant temperament were evaluated approximately two months postpartum (M =

52 Back to top



o
ICIS 2024 Abstract Book )

9.48 weeks postpartum, SD = 1.69).

Higher prenatal attachment predicted lower postpartum anxiety (B = -0.20, p = .02); however, there was
not a significant relationship between prenatal attachment and depression (B =-0.14, p =.10). Prenatal
attachment (B = 0.30, p <.001) and postpartum depression (B = 0.36, p = .003) significantly predicted
infant positive affect/surgency (PAS), such that mothers with greater prenatal attachment and higher
depression scores reported higher PAS scores. Conversely, postpartum anxiety was negatively
associated with infant PAS (B = -0.27, p = .03): higher anxiety scores were associated with lower PAS
scores. Prenatal attachment also had an indirect effect on infant PAS via its effect on postpartum anxiety
(B = 0.05). Postpartum anxiety predicted infant negative affectivity (NA) at a trending level (B =0.24, p =
.053). Prenatal attachment predicted infant regulatory capacity (RC) at a trending level (B = 0.15, p =
.07).

Given the significant effects found in the PAS model, follow up analyses were conducted to examine the
PAS subscales. Prenatal attachment significantly predicted approach (B = 0.24, p = .01), vocal reactivity
(B =0.30, p<.001), smiling and laughter (B = 0.18, p = .04), activity level (B =0.22, p =.01), and
perceptual sensitivity at a trending level (f = 0.17, p = .058). Postpartum depression significantly
predicted vocal reactivity (B = 0.32, p =.01), activity level (B = 0.35, p =.005), and perceptual sensitivity
(B =0.34, p=.01). Postpartum anxiety significantly predicted vocal reactivity (B =-0.24, p =.048) and
perceptual sensitivity at a trending level (B =-0.25, p = .051).

Hypotheses were partially supported, and findings suggest maternal-fetal relationships may influence
postnatal mood and perceived infant temperament and should, therefore, be considered a point of
intervention. Greater prenatal bonding may influence mothers’ perceptions, so that positive aspects of
infant temperament (e.g., smiling and laughter) are more salient. This increase in PAS may also have
long term benefits, as higher levels of PAS in infancy is protective against depression/internalizing
problems.

Abstract 8, Title: Maternal Childhood Maltreatment Moderates the Impact of Objective Indicators of
Postpartum Stress, but Not Subjective Experiences of Parenting Stress, on Parenting Behavior and
Infant Behavior Problems

Maternal stress in the postpartum period is a risk factor for parenting and infant developmental
outcomes. Yet most work in this area has taken a narrow view on stress by either focusing on objectives
indicators, such as life event checklists, or subjective indicators, such as self-reports of parenting stress.
Little prior research has examined both objective and subjective indicators. Likewise, maternal
childhood experiences are often not considered in these processes and most work in this area has
focused on families of middle or high socioeconomic status. We examined both objective (postpartum
life events checklist, observed infant temperamental reactivity, geocoded neighborhood risk index) and
subjective (parenting stress) indicators of stress in the postpartum period in a sample of mothers who
qualified for public assistance programming. We also examined maternal experiences of childhood
maltreatment as a moderator of the impact of postpartum stress on parenting and infant behavior
problems.

295 mothers and their infants participated in this longitudinal study. Mothers were 18 to 44 years of age
and were racially and ethnically diverse (40% Hispanic; 42% White, 19% Black, 7% biracial/multiracial,
32% other races). 60% of mothers had less than or equal to a high school degree, 65% were
unemployed, and all received public assistance programming (cash assistance, food stamps, or WIC).

53 Back to top



t r :.
- b
ICIS 2024 Abstract Book

53% of infants were female. 49% of mothers reported experiences of maltreatment in their own
childhoods.

Mothers reported on their childhood experiences of maltreatment during a prenatal research
assessment. At 12 months postpartum, mothers and their infants engaged in a free play task to assess
parenting sensitivity and a frustration task to assess infant temperamental reactivity. Mothers also
completed a stressful life events checklist and reported on their parenting stress and infant behavior
problems. Home addresses at 12 months postpartum were geocoded to determine census block and a
neighborhood risk index was generated for each address.

Results demonstrated that maternal childhood maltreatment moderated the impact of objective
indicators of postpartum stress but not subjective experiences of postpartum stress. Observed infant
temperamental reactivity and geocoded neighborhood risk were negatively associated with maternal
sensitivity (r =-.32 and r = -.25 respectively, both p <.01), but only among mothers who experienced
childhood maltreatment (interaction effects significant at p < .05). Likewise, stressful postpartum life
events were positively associated with infant behavior problems (r = .28, p =.003), but only among
mothers who experienced childhood maltreatment (interaction effect significant at p <.001). In
contrast, maternal parenting stress was positively associated with infant behavior problems regardless
of maternal childhood maltreatment history (r = .46, p < .001; interaction with maltreatment non-
significant).

Results demonstrate novel mechanisms by which maternal childhood maltreatment contributes
intergenerational effects and underscores the salience of postpartum stressors for parenting and infant
developmental outcomes. Implications for supporting families experiencing postpartum stress, as well
as methodological considerations for the measurement of stress, will be discussed.

S.12 Where do parents across cultures look for information about development and play

and what information do they find?
Ora Oudgenoeg-Paz !, Michele Lobo 2, Osnat Atun-Einy 3, Aline Martins De Toledo *

1 Utrecht University, 2 University of Delaware, 3 University of Haifa, 4 School of physical therapy,
Universidade de Brasilia

Summary

To fulfill their role in supporting development, parents look for information about development and
play. While a lot of information is available, it is not clear what sources parents actually use, what is the
content and quality of this information and how these aspects differ between cultures. We address
these questions in different cultures and from different perspectives. The first study compares parental
reports from 3 countries about frequency of use of information sources about motor development. The
second and third study describe content analyses of information sources about infant play activities and
milestones in 2 countries. The final study compares information provided by governmental or
professional organizations in 5 countries and internationally regarding infant development and play. The
studies provide insights from multiple sites and from both parents and information sources and highlight
ways that parents’ knowledge and practices may be shaped in different cultures.

Details
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Abstract 1, Where do parents turn for information about motor development in the US, Israel and the
Netherlands?:

At a time when large amounts of information are readily available to parents regarding their baby's
development, it is important to gain a better understanding of what sources parents actually turn to.
Cultural models differ in the importance attributed to family members, experts and parents’ own
competence (e.g., Harkness et al., 2007), it is likely that cultural differences exist in the type of sources
parents turn to. Parental knowledge may affect the way parents interact with their children and hence
child development (Orlando et al., 2023) and therefore, differences in this knowledge might ultimately
explain differences in development. Still, it is not yet well known what information sources about early
development parents utilize most and if these sources differ between cultures. Therefore, we studied
what type of sources are used by parents for obtaining information about one developmental domain,
namely, motor development, in three presumably “western” countries: the United States (US), Israel (IL)
and the Netherlands (NL). We first tested separately per culture how the frequency of use of the
different sources varied. Following this, we tested how the use of the different sources varied across the
three cultures.

Participants were 255 US, 206 IL and 198 NL middle-class parents of first-born children aged 1-8 months
(M=4.21, SD=1.77; 53% female). As part of a larger survey, parents indicated on a 5-point Likert scale
(ranging from never to always) how often they use different information sources. The resulting scales
indicate the frequency of use of: external sources (e.g., books, websites), personal network (e.g., friends,
family), experts (e.g. pediatrician) and their own observations.

First, a series of Friedman tests, performed separately per cultural group, showed that the use of
sources significantly varied (all p values below .001). A series of bivariate comparisons using Wilcoxon
signed-rank test with the Bonferroni correction revealed that in the US, parents used significantly more
expert sources followed by external or personal sources. IL parents reported using most personal
sources followed by experts and In NL the personal network was consulted less than all other sources.
Next, a comparison across cultures using a MANOVA and controlling for parental education, showed a
main effect of culture (F(8,1288)=37.90, p<.001, $,=.19). Pairwise comparisons using Bonferroni
correction (figure 1) reveal that NL parents use own observations significantly more than IL parents. US
parents turn to experts more than both IL and NL parents. IL parents use their personal network more
than US parents who use these sources more than NL parents. Finally, both NL and US parents use
external sources more than IL parents.

Thus, results show that the emphasis on types of sources differs between cultures. These differences
might reflect different cultural models where a different weight is assigned to the opinions of personal
network or experts. Next to shedding light on how culture might affect parental knowledge and
therefore practices and development, results also indicate the importance of accounting for cultural
context when designing interventions for increasing parental knowledge.

Abstract 2, What information are parents in Brazil likely to find when they seek education in websites
about play and development for children under 1-year-old?: Play is a low-cost activity accessible to
various families. Parents often serve as the primary play partners for children in the early years of life
and significantly impact their development (Damast et al., 1996; Dinker & Snyder, 2020). Parents
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commonly seek information about child development and play on the internet and other media
platforms (Harvey et al., 2017; Orlando et al., 2023; Scarzello et al., 2016). However, it is unclear what
information is shared with parents on popular websites and what is the quality of this information. This
research aimed to analyze the content of information on play activities and milestones available on
websites in Brazil to infants’ parents.

We hypothesized that the content would have a variety of information about play activities and
milestones but that most play activities suggested would be low in quality.

Study population: Play and Development Searches in Google identified 166 sources for content analysis
by trained researchers using a standardized coding scheme. Sources included websites available online
and created by professional organizations, commercial entities, individuals, and government
organizations/agencies.

Methods: Source content was extracted and coded by two independent coders with >87% inter-coder
agreement. For each source, information was extracted about: authors (i.e., qualifications, credentials,
education/experience); specific information about each play activity (i.e., age, social and language
opportunities, toys recommendation, infant’s position and location) and milestones (i.e., age and
domain); quality of each play activity was rated by determining whether it encouraged or not for child-
initiated movement and whether it promoted opportunity of manual interaction with objects.

Results: We identified 610 play activities across 100 sources and 33 main categories of milestones across
66 sources. Websites provided few to no general information (e.g., author qualifications). Most play
activities and milestones provided information for the age range, including initial and/or final age for
each milestone. The majority of play activities mentioned the presence of a caregiver during the activity
(70.5%) and the presence of toys within the baby's view (70.5%). Less than half of play activities included
information on the infant’s position (41.6%) and location (44.7%). Moreover, few play activities explicitly
encouraged motor opportunities (23.1%) and problem-solving with objects (10.0%), and most play
activities were considered of low quality (66.3%). Most milestones were within the motor domain (56%),
followed by the cognitive (19.7%) and language/social domains (13.9%).

Conclusions: The findings revealed a lack of detailed information regarding the description of websites
and their play activities and developmental milestones. The available internet information on play
activities might lead parents to improperly carry them out, hindering children under one year old from
realizing the full developmental potential of play activities. Considering this, we conclude that the
information available on the internet about play activities and developmental milestones needs
improvement. It is essential for the content to be written in an accessible manner by experts in child
development, ensuring that it is understandable and provides greater details in its description. This way,
parents accessing these websites can comprehend and follow the instructions appropriately.

Abstract 3, What information are parents in the US likely to find when they seek education about
infant play, milestones, and development?: Parents commonly look to popular sources (i.e., websites,
applications, books) for information about infant development and play. Research has shown that high-
quality parent education about infant development and how to interact or play with infants can
positively impact both parent outcomes and child development. However, it is unclear what information
is shared with parents in popular sources and what is the quality of this information. The purpose of this
research was to systematically analyze the content available to educate parents about infant
development and play.

Hypotheses: We hypothesized that the content would have a strong emphasis on developmental
products (i.e., milestones) and that the majority of practices and play activities suggested would be low
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in quality.

Study population: Play, Milestone, and Development Searches in Google identified 313 sources for
content analysis by trained researchers using a standardized coding scheme. Sources included websites,
books, apps, and social media platforms created by professional organizations, commercial entities,
individuals, the popular press, and government organizations/agencies.

Methods: Source content was extracted and coded by two independent coders with >90% inter-coder
agreement. For each source, information was extracted about the authors (i.e., qualifications,
credentials, education/experience), developmental process, parents’ role in development, and
determining infant readiness to play. Further, information about each milestone, play activity or
practice, and toy recommendation in the source was extracted. Quality of each play activity or practice
was rated based on whether it encouraged, provided the potential for, or did not allow for child-
initiated movement to promote motor development, manual interaction with objects to promote
cognition, and responsive communication to promote language development.

Results: Although not consistently provided, most sources provided author information (67.7% of the
sources shared author credentials; 71.9% shared qualifications), nor was information about the
developmental process (37.7%), parents’ role in development (46.7%), or determining an infant’s
readiness to play (22.1%). Milestones comprised a majority of the content overall (n=11,083),
outnumbering play activities and practices (n=4370) 2.5 to one and toy recommendations (n=3671)
three to one. Search terminology impacts the information parents receive with the Milestone and
Development searches emphasizing a passive approach of observing developmental milestones rather
than suggesting activities to actively facilitate learning and milestone development. There were a large
number of play activities and practices (n=4370) identified, however, only 44.2% were high-quality in the
motor domain, 24.2% were high-quality in the language domain, and 17.8% were high quality in the
cognitive domain.

Conclusions and implications: These findings highlight the need for early educators and clinicians to
discuss parents’ online information-gathering process and findings. They also highlight the need for
innovative universal parent-education programs that focus on activities to facilitate early development.
This type of education has potential to benefit all families, with particular benefits for families with
children who have unidentified or untreated developmental delays. The strong focus on developmental
products in the current parent education content does not reflect the more recent focus on process in
developmental science and does not empower parents to support their children’s development.

Abstract 4, Comparison of Formal Parent Education Content about Infant Development in Sources
from Five Countries and Internationally: Parental knowledge about infant development is significant for
forming developmental expectations and awareness of infant’s needs and behaviors. Parental
knowledge is shaped by information from formal and informal sources, social interaction, socio-cultural
beliefs, and personal experiences (McCatharn, et al.,2021; Orlando et al., 2023). Parental values and
norms about development differ among cultures, alongside cultural differences in infant motor
development (Adolph et al., 2010; Oudgenoeg-Paz, et al.,2020). These differences might, at least
partially, be shaped by the education provided to parents. Therefore, it is important to investigate cross-
cultural differences in the educational materials available to parents. We aimed to compare the
information shared with parents about infant development provided by formal sources [e.g.,
governmental, medical organizations] in five countries [the United States of America (US), Brazil (BR),
the Netherlands (NL), Israel (IL) and Saudi Arabia (SA)] and from international organizations (i.e., WHO,
UNICEF).
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Method: Site-native trained researchers identified the relevant sources. Content was coded and
analyzed according to a defined scheme, to identify general topic areas and specific content codes about
developmental milestones, red-flags, activities to avoid, and recommended activities.

Results: Fourteen sources were analyzed with 1-5 sources per site. Average inter-coder agreement was
91.9% (SD= 3.8). In total, there were 183 milestone, 59 red-flag, 12 activities to avoid, and 108
recommended activity codes distributed among 36 different general topics. The emphasis was on
developmental milestones which represented at least one third of the codes per site. Within the
milestones, the main domains were motor with 96 codes (78 gross, 18 fine), language with 46 (29
expressive, 17 receptive), cognitive with 35, and social-emotional with 29 codes. Regarding activities to
avoid, most codes related to avoiding objects in the environment, such as screens or containers. Regions
shared information about the same general topics; most topics (69.4%) had at least one code mentioned
by source(s) from five or six of the regions. Moreover, the specific codes shared within topic areas varied
among the regions; most codes (54.2%) were mentioned by source(s) from only one or two of the
regions. The US sources mentioned 87.9% of the 183 milestones, a greater percentage than the other
regions (x2 (25)=1130.000, p<.001, ¢c =.913;). The IL materials mentioned the greatest percentage
(57.6%) of the red-flag codes (x2 (25)=965.000, p<.001 , ¢dc =.913). IL (80.0%) and the US (69.1%)
mentioned a majority of the recommended activity codes (X2(16)=1096.000, p<.001, ¢c =.894).
Conclusions: The findings highlight the shared information across the content classifications coded. It
was possible to identify region-specific accentuate and nuances that were emphasized in the way the
information is presented, in the content as well as its level of detail. The specific information of each site
may be related to environmental socio-cultural variables as well as reflecting the local mother-infant
care and health-system. Such analyses, combined with knowledge about infant development, might
shed light on the way such educational sources contribute to infant development. Future studies could
also consider a joint endeavor to establish uniformity in official information sources while adding
culturally diverse information.

S.13 Shaping cognition in joint action: Multilevel micro-processes organise infant attention
Emily Phillips !, Brianna Kaplan 2, Lichao Sun 3, Julia Yurkovic-Harding *

! University of East London, 2 University of Texas at Austin, 3 University of Houston, 4 University of South
Carolina

Summary

How do infants coordinate attention to learn in shared interactions? Traditional approaches have shown
that infants are responsive to ostensive communication. To understand interpersonal cognition,
however, we need to examine the dynamic mechanisms that determine how infants pay attention in
real-world settings. This international symposium brings together cutting-edge and diverse methods to
assess the sub-second processes that organise infant attention, across different naturalistic contexts, in
typical and atypical development. Papers 1 and 2 use eye-tracking to examine infant sensitivity to salient
action-generated contingencies, whilst Paper 3 records fluctuations in infants’ endogenous neural
activity. Testing micro-processes at home, Paper 4 reports dual eye-tracking with infants at increased
likelihood of autism. All four papers suggest infants track salient sensorimotor contingencies, with
implications for developing mechanistic frameworks of atypical inter-dyadic learning.
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Details

Abstract 1, Generalizability and flexibility of the multiple pathways to joint attention:

Joint attention, the ability to socially coordinate visual attention to an object, plays a pivotal role in
healthy developmental outcomes. Previous work (Yu & Smith, 2017) found that parents and infants
achieve joint attention through multiple pathways (e.g., gaze following, hand following). However,
previous evidence is from a lab-based paradigm wherein parents and infants played with three toys in a
stripped-down lab environment. Here, we test the generalizability and the flexibility of the sensory-
motor pathways that lead to joint attention.

Study 1 investigated the generalizability of joint attention pathways with a naturalistic play session.
Parents and infants (12-26 months) engaged in play with 10 toys in a living-room like lab setting. Head-
mounted eye-trackers enabled precise recording of parents' and infants’ visual attention (Figure 1A).
The moments when both participants looked at the same object (Figure 1B) were classified as joint
attention (JA). Each JA instance was categorized as either infant-led or parent-led based on who initiated
JA (Figure 1C), and was also classified based on the pathway used for initiation (following gaze or
following leader’s or follower’s hands). Joint attention was frequent during the play session, with dyads
entering JA M = 5.73 times per minute. For infant-led bouts, parents were equally likely to join in via
gaze following and following the infant’s hand (t(97) = 1.77, p = .08), whereas following their own hand
was less common. For parent-led attention bouts, infants most often joined in by following their
parent’s hand (ts > 2.75, ps < .007), although they also frequently followed their own hand. Infants
rarely joined in by following their parents’ gaze. Thus, the present study in a naturalistic setting
replicated the two major findings from the previous study in a lab setting: 1) both infant-led and parent-
led JA bouts are achieved through multiple pathways; and 2) parents rely more on gaze following while
infants rely more on hand following.

Study 2 tested the flexibility of joint attention pathways within a novel context—the everyday activity of
making peanut butter and jelly sandwiches. Infants (12-25 months) were seated in a high chair and
observed their parents making sandwiches. All other methods were consistent with Study 1. We found
that parents and their infants can still establish JA in this context as often as they do during toy play (M =
6.04 bouts per minute). However, due to the paucity of manual actions from infant observers in this
activity compared with toy play, we found that both parents and children almost exclusively initiated
joint attention by following the parent’s hands (Fs > 126.1, ps < .001).

In conclusion, our findings underscore the flexibility and generalizability of a multi-pathway solution to
joint attention across diverse parent-child interaction settings. Such an adaptive system allows for fluid
and coordinated joint attention across a variety of situations, as dyads can shift to a different pathway
when others are not available.

Abstract 2, The Development of Early Sensitivity to Visual Saliency during Parent-Infant Object Play:

Young infants show dominant sensitivities to visual saliency in their surroundings, such as an object's
distinguished color, luminance, and associated motion contrast (Frank et al., 2009; Kwon et al., 2016).
With the rapidly developing attention skills, parents’ referential input plays a key role in organizing
infants’ visual input during free-viewing (Suarez-Rivera et al., 2019; Yu & Smith, 2016). However, we
know relatively little about how visual selection develops socially through naturally occurring visual
experiences. The present study investigates how parental scaffolding — verbal and/or visual cues —
influences developmental changes in sensitivity to visual saliency as a function of age in the context of
interactive object play.

59 Back to top



C
ICIS 2024 Abstract Book i -

The present study observed a 5-minute-20-second object play with a sample of 30 parent-infant dyads,
including 10 infants aged 6, 12, and 18 months. During object play, the parent was asked to play with
the infant with a set of toys. A head-mounted eye tracker was used to record infants’ scenes and
corresponding gaze behaviors. Trained coders annotated target behaviors, such as (1) infant’s gaze
allocation to objects (Figure 1D) and (2) parental referential cues: nonverbal cues (parents’ hand actions
on objects), verbal cues (parents’ verbal phrases), and multimodal cues (parents labeled the handled
object simultaneously). To quantify the saliency values, videos of infants’ scenery recordings were also
fed into a saliency program that employed Itti’s saliency algorithm (Itti et al., 1998; Figure 1E).

The preliminary analyses first demonstrated the effect of reference types on infant object looking: all
the infants from three age groups attended to objects more when parents used multimodal cues,
following nonverbal cues and verbal cues by the least (x* = 1440.97, p < .001). Second, the hierarchical
generalized model on the duration of object-directed attention found a three-way interaction amongst
saliency levels, reference types, and infant’s age groups, suggesting that infants exhibited various
sensitivities to the saliency change according to the referential type (x* = 695.34, p < .001; see Figure 1F).
For example, when parents used multimodal or nonverbal cues alone, both 6- and 12-month-olds
experienced more object-directed attention with increasing saliency change in the scenes, but 18-
month-olds did not; 6-month-olds exhibited more object-directed attention when the standardized
saliency value was above the average (z = 3.87, p <.001). Lastly, 18-month-olds were overall less
sensitive to saliency change in their scenes and had more object-directed attention following verbal cues
in contrast with 6-month-olds (z = 3.25, p =.003) or 12-month-olds (z = 2.71, p =.018).

The present study revealed the developmental sensitivities of visual saliency and the potential
mechanism underlying the role of parental referential scaffolding in organizing infants’ attention in a
social context. In the discussion, we will speculate the nature of the additive effect of auditory input on
visual saliency — how parental auditory input can impact infants’ corresponding visual experiences and
discuss the further implications for the developmental changes from exogenous to endogenous
attention processes in learning and communication.

Abstract 3, Endogenous oscillatory rhythms and interactive contingencies jointly influence infant
attention during early infant-caregiver interaction:

Introduction. How do inter-individual processes drive the allocation of infant attention in shared
interactions? Whilst adult-led attentional structuring perspectives suggest caregivers didactically
organise their infant’s attention, other accounts emphasise bidirectional influences: that caregivers
follow and respond to modulations in infant behaviour.

Recording infant EEG during table-top play with their caregiver, we examine the (inter)-dependent
influences of infants’ endogenous cognitive processing, and inter-dyadic micro-behavioural
contingencies in structuring infant attention. To do so, we assess forwards-predictive and reactive
changes in infant neural activity and caregiver behaviour, relative to infant attention.

Method. Thirty-two-channel EEG was recorded from infants and caregivers whilst they engaged in table-

top-play with 3 toys. Gaze and vocal behaviours were coded offline and synchronised with the EEG
signal. Sixty-six dyads contributed data (M=11.18 months, SD=1.27).
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Infant theta activity (3-6Hz; a marker of endogenously driven attention) was extracted over fronto-
central electrodes via continuous Morlet wavelet convolution. Taking the absolute derivative of the
signal, rate of change in the fundamental frequency (FO) of the caregiver’s voice (indexing vocal saliency)
was also computed. All variables were re-sampled to 50Hz.

To examine whether infants’ neural activity forwards-predicted infant look durations, a cross-correlation
was conducted at time-lags -30 to +30s. To assess reactive changes in infant theta following object-
directed attention, we employed three analyses. First, linear-mixed effects models examined
associations between the length of infant object attention and average theta. Second, event-locking
theta to attention onsets, we assessed immediate modulations in neural activity in the 5s after look
onset. Finally, averaging theta in three chunks, we tested whether infants’ endogenous processing
increased over attention episodes.

The same analyses were repeated with caregiver look durations and vocal saliency as the comparison
variables.

Results. Findings indicated that both fluctuations in infant’s neural activity and modulations in adult
behaviours increased, reactively, in the time after infant attention onsets.

Rather than endogenous processing driving infant attentiveness, cross-correlation analyses indicated
infant attention largely forwards-predicted fluctuations in theta activity, with cluster-based permutation
identifying significant time-lags from -2 to +6 seconds (p=0.004; Figure 2A). Consistent with this, linear
mixed effects showed a significant association between infant attention durations and average theta
(p<0.001). Event-locked analyses revealed little modulation in theta over attention episodes (ps>0.05;
Figure 2B).

Against adult-led perspectives, cross-correlations revealed neither caregiver gaze, nor vocal saliency
forwards-predicted infant attention (ps>0.05). Caregivers were, instead, reactive to re-orientations in
infant behaviour. Event-locked analyses showed caregivers rapidly modulated their gaze in response to
shifts in infant attention, with a significant decrease in caregiver attention durations after the onset of
infant attention (p=0.009; Figure 2C). Over longer looks, however, caregiver attention durations
significantly increased (ps<0.05). Linear mixed effects also revealed longer object-directed attention co-
occurred with greater rate-of-change in caregiver FO (p< 0.001; Figure 2D); which fluctuated over the
duration of the look (ps<0.05).

Discussion. Findings suggest infant attention is asymmetric, related to their endogenous cognitive
processing and to consistent, reactive contingency of the caregiver. Data-driven approaches, utilising
neural and behavioural data, will be crucial to understanding the processes that support language
acquisition.

Abstract 4, Infant-Caregiver Coordinated Visual Attention in Early Infancy: An Investigation Using
Home-based Head-mounted Eye Tracking:

Background: Coordinated visual attention (CVA), the ability to coordinate attention with a social partner,
is critical for the development of social communication and language(1). Head-mounted eye tracking
(HMET) is an effective tool for recording moment-to-moment changes in looking behavior embedded in
free-flowing social interactions from the first-person perspective(2). HMET studies in 9- to 48-month-
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olds revealed that CVA bouts towards toys (or “joint attention”) emerged through head-eye
coordination between infants and caregivers(3). Additionally, the pattern of multimodal coordination
leading to joint attention differed in children with autism spectrum disorder (ASD) compared to typically
developing children(4). The present study extended existing HMET research by examining CVA in
younger infants with low (LL) and elevated likelihood (EL) for ASD at 8 months, an age before the onset
of clinical-level social communication impairments and language delays. Additionally, we carried out
HMET data collection at homes, a critical context for infant-caregiver interactions and infant learning.
Methods: Participants of the ongoing study were 40 infant-caregiver dyads (18 female infants; NEL=25).
The current analyses included 8 infant-caregiver dyads assessed at 8 months (3 female infants; NEL=6).
During home visits, the dyads were seated on the floor with a standard set of toys. Caregivers were
instructed to play with their infants as they normally would for 10 minutes. We examined looking
behavior towards three areas of interests (AOls): partner’s face, partner’s body, and toys. CVA was
defined as the dyad looking at the same AOI for more than 500ms (with a gap of no longer than 200ms).
We identified two types of CVA: joint attention towards toys and mutual face looking. Caregivers also
reported on infants’ social communication skills.

Results: Infants and their caregivers displayed differential looking patterns towards the AOlIs (Figure 2E).
Infants spent a greater proportion of time looking at the toys than the partner’s face and body,
confirming our published findings obtained from the full sample. In contrast, the caregivers spent more
time looking at their partners and less time looking at the toys compared to the infants. The dyads
displayed more bouts of joint attention to toys (M=57.38 bouts, SD=31.15) than mutual face looking
(M=16.00 bouts, SD=10.62) during the play session. They spent a greater proportion of time engaged in
joint attention (M=8.87%, SD=2.59) than mutual face looking (M=0.68, SD=1.14). However, CVA bouts
are, on average, relatively brief across both types (MToy=1.14s, SD=0.30; MFace=0.86s, SD=0.16).
Tentatively, the amount of mutual face looking was positively associated with infants’ speech ability
(r=.57).

Conclusion: Our findings suggest that infants and their caregivers engaged in different looking patterns
during triadic (infant-toy-caregiver) interactions, consistent with existing HMET findings. It is likely that
caregivers were frequently referencing their infants and attempting to follow their lead. CVA bouts are
frequent, yet brief in more naturalistic environments where there were more environmental stimuli
(e.g., toys) compared to controlled laboratory settings. Future analyses will include data from 32
additional dyads that are currently being processed. We will examine group differences (EL versus LL) in
CVA and the association between CVA and social communication.

S.14 Understanding the impact of maternal and paternal perinatal experiences on

caregiving dynamics and infant regulation
Madison Kelm !, Rina Eiden !, Helen Ball %, Douglas Teti * Gabriela Markova 3, Ela Sehic 4, Stefanie
Unger ¢, Sameera Abuaish ©

! The Pennsylvania State University, 2 Durham University, 3 University of Vienna, * Washington State
University, ®> Technical University Dresden, ® Princess Nourah bint Abdulrahman University

Details

Abstract 1, Exploring trajectories of parental bonding: On the role of family predictors and perinatal
distress:
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Parental bonding towards the child holds substantial importance in child development and the well-
being of both parents and children. Therefore, it is crucial to gain insights into the diverse trajectories of
bonding difficulties during the postpartum period. Furthermore, the perinatal period is commonly
recognized as a potentially challenging time during which parents may face a range of mental health
difficulties and perinatal distress. Yet, there is a scarcity of research examining the longitudinal
trajectories of parental bonding in the postpartum period, leaving questions regarding the impact of
certain aspects of the peripartum period on these trajectories, such as parental mental well-being,
unanswered. Consequently, this study explored the trajectories of both maternal and paternal bonding
with the inclusion of various potential predictor variables of trajectory class membership in a large
community-based sample. As part of this exploration, we chose to incorporate various prenatal parental
mental health factors, as well as the subjective birth experience, difficult child temperament, family
characteristics, and sociodemographic characteristics as predictor variables. We anticipated to identify
distinct groups of mothers and fathers with varying trajectories of bonding, which will be influenced by
the extent of bonding difficulties the parents face. We also hypothesized that certain predictor variables
will have a differential impact on which trajectory class the mothers and fathers will be assigned to,
respectively.

This study utilized data from the longitudinal cohort study DREAM to investigate the trajectories of
maternal (n =1,761) and paternal (n = 1,128) bonding at eight weeks, 14 months, and two years
postpartum. Parental bonding difficulties were assessed using the Postpartum Bonding Questionnaire.
To identify distinct trajectories of bonding difficulties, we employed Growth Mixture Modelling to
determine the best-fitting models separately for mothers and fathers. Additionally, several potential
predictors of trajectory class membership were examined through multinomial logistic regression.

Three distinct trajectory classes of bonding difficulties were identified in both maternal and paternal
samples: “low-steady”, “recovering”, and “aggravating”. Parents in the “recovering” and “aggravating”
classes not only encountered clinically significant bonding difficulties at some point during the study
period, but also experienced fluctuating bonding difficulties over time. Multinomial logistic regression
analysis also revealed various predictors of trajectory class membership. For mothers, significant
predictors included depressive symptoms, obsessive-compulsive symptoms, anger/hostility symptoms,
subjective birth experience, and difficult child temperament. For fathers, predictors included subjective

birth experience, difficult child temperament, first-time parent, and age.

This study challenges the traditional assumption of bonding as a stable phenomenon through the
identification of non-steady trajectories, acknowledging that clinical bonding difficulties tend to manifest
in variable courses over time. Our findings on predictors of trajectory class membership underscore the
pivotal role of parental mental health and peripartum stressors in shaping parental bonding
experiences. Recognizing the diverse trajectories of bonding difficulties and their predictors offers
valuable insights for the development of more effective interventions and support systems to promote
healthy parent-child bonding.

Abstract 2, Title: Pre-to-Postnatal Coparenting Discrepancies and Infant Behavior Problems: The
Mediational Role of Parental Distress

Abstract 2, Text:
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Coparenting is a central index of family functioning (Van Egeren, 2004). Although coparenting is almost
always assessed in reference to an actual child, parents can form coparenting expectations prenatally.
Very few studies, however, have examined whether the degree to which prenatal coparenting
expectations are met is predictive of infant development. Expectancy Violation Theory (EVT) (Floyd &
Voloudakis, 1999) holds that negative violations of expectancies can lead to disappointment and in turn
to postnatal problems in mental health domains (Flykt et al., 2012). The present study examined pre-to-
postnatal discrepancies in coparenting and their link with infant behavior problems at 12 months. From
EVT, it was hypothesized that any linkages obtained would be mediated by levels of maternal distress.

Data were drawn from a larger NIH-funded study of 210 first-child (55% girls) families. Families were
predominantly White (80%), fairly well-educated, with a median yearly family income of $90,000.
Families were home-visited in the 3rd trimester of pregnancy and again at 1, 3, 6, and 12 months post-
partum. Coparenting at each occasion was assessed with the Coparenting Relationship Scale (CRS)
(Feinberg et al., 2012), with items slightly re-worded during the prenatal assessment to inquire about
mothers’ expectations about coparenting. Five of the 7 CRS subscales (agreement, support,
endorsement, closeness, and division of labor) were composited into a positive coparenting score, with
the remaining 2 (conflict and undermining) composited into a negative coparenting score. Positive
coparenting discrepancy scores were calculated by subtracting each postnatal positive coparenting score
from the prenatal positive expectation score. The higher the positive coparenting discrepancy score, the
greater the degree to which prenatal positive coparenting expectations were (unhappily) not met.
Negative coparenting discrepancy scores were similarly calculated, with higher scores indicating that
negative prenatal coparenting expectations were (happily) not met. Infant behavior problems at 12
months were assessed with the Infant and Toddler Social Emotional Assessment (ITSEA) (Carter et al.,
2003). Lastly, at each age point mothers completed the Beck Depression Inventory (Beck et al.,1966),
the Beck Anxiety Inventory (Beck et al., 1988), and the anger-hostility subscale (6 items) from the SCL-
90-R (Derogatis, 1992). Depressive, anxiety, and hostility scales were composited into a maternal
distress scale at each age point.

Correlational and regression analyses revealed that coparenting discrepancy scores were associated, in
expected directions, with maternal distress (ps < .05) at each postnatal age point. Maternal distress at
each age point, in turn, was associated in expected directions with ITSEA externalizing, internalizing, and
dysregulation infant behavior problem dimensions (ps < .05). Mediational analyses, using the Hayes
PROCESS macro (Hayes, 2018), revealed that mothers’ distress at 12 months mediated the link between
mothers prenatal-to-12 month positive and negative coparenting discrepancy scores and ITSEA infant
behavior problems in externalizing, internalizing, and dysregulation domains. Figures 1 and 2 depict
mediational paths for infant externalizing behavior. This study demonstrated that pre-to-postnatal
coparenting discrepancies can place infants at risk for elevated behavior problems via their effects on
maternal distress, supporting predictions from Expectancy Violation Theory. Discussion will focus on
implications of these findings for intervention.

Abstract 3, Title: Prenatal Adult Attachment, Parent Emotions to Infant Crying, and Infant Reactivity:
Mediational Role of Prenatal Relationship Satisfaction and Moderation by Fathers’ Prenatal Alcohol
Use

Abstract 3, Text:
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Adult attachment is an important predictor of romantic relationship quality or satisfaction. Meta-
analytic reviews indicate that dimensions of insecure adult attachments such as anxiety (ANX) and
avoidance (AV) may play a critical role in all aspects of couple relationship quality (Li & Chan, 2012). A
small body of literature indicates that poor prenatal romantic relationship quality has a negative impact
on parenting and infant reactivity and may mediate associations between insecure adult attachment and
parent-infant outcomes (Tanner Stapleton et al., 2012), but most studies are limited to mothers. In
addition, fathers’ alcohol use may exacerbate associations between insecure adult attachment/prenatal
relationship quality and parent-infant outcomes, but few studies have examined the role of fathers’
prenatal alcohol use in this context. We hypothesized that parents’ insecure adult attachments (ANX and
AV) measured prenatally would be associated with lower prenatal relationship quality, which in turn
would be predictive of parents’ frustration and anxiety with infant crying and higher infant reactivity.

eE

Couples included heavy drinking fathers and low drinking or abstaining mothers expecting their first
child together (n = 161; infants: 71% White, 51% female). Both partners completed measures of current
alcohol use (Timeline Followback, Sobell & Sobell, 1992), adult attachment questionnaire (Fraley et al.,
2000), and relationship satisfaction (Kurdek, 1992) in the second to third trimester; anxiety and
frustration subscales of a measure of parent emotional reactions toward infant crying (Leerkes & Qu,

el

Results from path analyses conducted separately for fathers and mothers are displayed in Figure 1. Both
models fit the data well, father model: x2 (6, N = 157) = 10.45, p = .11, RMSEA = .07, CFl = .97; mother
model: x2 (6, N = 161) = 8.80, p =.18, RMSEA = .05, CFl = .95. For fathers, higher ANX and AV were both
associated with lower prenatal relationship satisfaction. Lower relationship satisfaction was associated
with high paternal anxiety and frustration toward infant and high paternal perceptions of infant
reactivity. For mothers, high ANX and AV were associated with low relationship satisfaction, which in
turn was predictive of higher frustration with infant and higher maternal perceptions of infant reactivity.
Prenatal relationship satisfaction was not predictive of postnatal anxiety to infant crying. There was a
significant interaction effect of fathers’ alcohol use (number of drinking days prenatally) and fathers’
prenatal ANX on fathers’ postnatal frustration with infant crying. Simple slopes indicated that the
association between fathers” ANX and frustration was significant at average and high levels of alcohol
use, but not at low levels of alcohol use. Fathers’ alcohol use did not moderate associations between
maternal prenatal variables and postnatal outcomes. Results highlight the central role of prenatal
relationship satisfaction and that for fathers, alcohol use may exacerbate associations between insecure
adult attachment and parenting emotions. Implications for parenting and infant development will be
discussed.

Abstract 4, Assessing maternal distress in a Czech sample: Validation of the Baby Preparation and
Worry Scale (Baby-PAWS):

Assessing maternal mental health, particularly distress during pregnancy, is important given the
association with adverse impacts to both maternal and offspring psychological and physical health.
Existing pregnancy-specific questionnaires assess various concerns expectant mothers may experience,
including worries about child health outcomes, maternal appearance changes, the process of labor, etc.
However, existing measures fail to examine anticipatory worries experienced during pregnancy about
postnatal practical considerations (e.g., worries about childcare, social support, relationship with the
partner, caregiving abilities, etc.). Thus, the Baby Preparation and Worry Scale (Baby-PAWS, Erickson et
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al., 2020) was developed with a U.S. sample. The present study examined the cross-cultural applicability
of the Baby-PAWS in a Czech sample, specifically Baby-PAWS structure and associations with maternal
depression, general and pregnancy-specific anxiety measures.

Healthy pregnant women (N = 104) completed the following questionnaires during their third trimester:
(1) Baby Preparation and Worry Scale (Baby-PAWS; Erickson et al., 2020); (2) Edinburgh Postnatal
Depression Scale (EPDS; Cox et al., 1987); (3) State subscale of the State Trait Anxiety Inventory (STAI,
Spielberger, 1985); and (4) Pregnancy Related Anxieties Questionnaire—Revised (PRAQ-R; Huizink et al.,
2004). Exploratory Factor Analysis (EFA) was performed using Principal Component Analysis, with results
guiding computation of scale/subscale scores. Cronbach’s alphas were computed to assess internal
consistency for Baby PAWS total and subscale scores. Bivariate correlations were computed between
Baby-PAWS scores, prenatal anxiety and depression indicators, marking concurrent validity.

The EFA yielded a four-factor structure for the Baby-PAWS in the Czech sample, whereas U.S. data
showed a three-factor structure (Factor 1 a =.811; Factor 2 a =.807; Factor 3 a =.817; and Factor4 a =
.613). Many Baby-PAWS items clustered similarly to the U.S validation study. However, notable
differences in component items resulted in modifications to two of the existing U.S. factor labels, in
addition to introduction of the fourth factor. Moderate significant associations were observed between
the overall Baby-PAWS scale as well as factors and maternal anxiety (i.e., overall PRAQ-R scale and
subscales; STAI; see Table 1). There were no significant associations between the Baby-PAWS total
score/subscales and maternal depression (i.e., EPDS; Table 1).

This investigation demonstrates satisfactory internal consistency and concurrent validity of the Czech
version of the Baby-PAWS questionnaire, supporting the clinical and research utility of this instrument
with individuals outside of the U.S. The focus on “anticipatory worries” more directly captures
experiences associated with anxiety, although associations with depression were observed for US and
Dutch samples (Erickson et al., 2020; Bruinhof et al., 2023). Mixed results for associations with
established anxiety versus depressive measures highlight the importance of continued cross-cultural
research into maternal/perinatal mental health, contributing to our improved understanding of distinct
experiences of these symptom sets.

Abstract 5, Maternal perinatal stress and playful behavior:

There is strong evidence indicating that parenting stress exerts a disruptive influence on early
interactions (e.g., Hulth-Bocks & Hughes, 2008). Play is an essential part of mother-child interactions and
is particularly sensitive to contextual factors such as that it usually decreases if circumstances are not
optimal (Pellegrini & Smith, 2006). In fact, there is evidence suggesting that stress is negatively
associated with playful behavior of mothers with their preschool-age children (e.g., Zhang et al., 2016).
However, children and caregivers co-construct social game routines, such as peek-a-boo, already in
infancy (Fantasia et al., 2014). Consequently, the aim of this study was to investigate the relationship
between maternal perceived perinatal stress and her playful behavior with their children in the second
year of life.

Overall, 71 mother-child dyads were included in the study. Mothers (Mag = 32 years, 59% primiparous,
urban sample, middle-to-high SES) completed the Perceived Stress Scale twice during the first, second
and third trimester of pregnancy, as well as during the first 8 weeks postpartum. When children were 15
months (M = 15.4 months, SD = .27), we observed mother-child dyads during a game of peek-a-boo,
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where mothers were instructed to play the game with as many repetition as they wished and thought
their infant enjoyed it. We coded the duration of the play session and the number of game repetitions.
Following Nomikou et al. (2017), we also measured the frequency and duration of basic (i.e., covering,
uncovering, acknowledgment) and optional game phases (i.e., preparation, waiting) as well as game-
unrelated behavior (e.g., tickling).

On average, mother-child dyads played 11 rounds of peek-a-boo (SD = 4.5, range = 3 — 24) within an
average 98s long play interaction (SD = 47s, range = 24s — 325s). Dyads spent the majority of play time
(M = 86%) playing the peek-a-boo game, and the remaining 14% of the time mothers engaged in game-
unrelated behavior. Preliminary analyses revealed that higher perceived stress during pregnancy, but
not during the postpartum, was positively correlated with the duration of the play session (r=.260, p =
.031), and negatively correlated with the frequency of game-unrelated behavior (r =-.227, p =.030).
There were no associations between maternal perceived stress and her use of basic nor optional game
phases.

We found preliminary evidence for a relationship between maternal perceived stress and her playful
behavior. Our findings suggest that mothers who experienced higher stress during pregnancy may find
the fixed structure of the peek-a-boo game enjoyable and thus not only spent more time engaging in
this game, but also engaged in less game-unrelated behavior. Interestingly, maternal perceived stress
during pregnancy or the postpartum was unrelated to how she structured the peek-a-boo game. Further
analyses will probe into the found associations to examine the effects of variables that could modulate
early playful interactions between mothers and their infants, such as infant temperament or maternal
perinatal depression and anxiety.

Abstract 6, Prenatal stress association with unpredictable maternal sensory signals:

Maternal behavior is crucial in shaping the emotional and behavioral outcomes in offspring. Maternal
sensory signals (e.g., tactile, auditory, and visual stimulations) during mother-infant interactions could
influence developing neural circuits and therefore neurobehavioral outcomes in infants. In fact,
unpredictability in maternal sensory signals was found to be associated with poor cognitive performance
and effortful control in children (Davis et al., 2017). Prenatal stress is also a strong predictor of
unfavourable neurobehavioral outcomes in children, which could be moderated by maternal caregiving.
However, no studies have examined the relationship between maternal prenatal stress and the
predictability of maternal sensory signals to her child. The aim of this study was to investigate the
association between stress during pregnancy and unpredictable maternal behavior in a high-risk
population of teen mothers, who usually face more stress and have a higher risk for mental health issues
and worse mental health outcomes for their children (Hodgkinson et al., 2014).

We analysed data collected from pregnant women between 14-19 years of age (n=65) recruited from
Departments of Obstetrics and Gynecology at Columbia University between 2009-2012. Women
answered the Perceived Stress Scale (PSS) questionnaire at three time points during their pregnancy: T1
= 13-16 gestation weeks (GA); T2 = 24-27 GA; and T3 = 34-37 GA. Maternal sensory signals were coded
at 4 and 14 months postpartum of a 10-minute free play session during a laboratory visit. The sequence
of behaviors was exported and the probability of transitioning from one behaviour to another was used
to calculate entropy rate as a measure of predictability of maternal behavior.
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We found that higher PSS scores during the T3 time point were associated with higher entropy rate at
the 4-month (p = .04), but not the 14-month visit.

This is the first study reporting a link between prenatal stress and maternal unpredictable behavior in
teen mothers. Future studies need to investigate the effect of this relationship on child cognitive and
behavioral outcomes.

Abstract 7, Title: Maternal and Paternal Prenatal Experiences: Implications for Parenting and Infant
Reactivity/Regulation

Abstract 7, Text:

Maternal anger/hostility may be a transdiagnostic marker of vulnerability for a host of nonoptimal
outcomes for mothers and infants across the pre-to-postnatal period (Eiden et al., 2011; Ostlund et al.,
2021), particularly in the context of pre-to-postnatal substance use. In addition, an emerging body of
evidence suggests that exposure to maternal mood unpredictability (MU) during pregnancy is associated
with nonoptimal outcomes throughout childhood (Glynn et al., 2019; Howland et al., 2021; Lin et al.,
2019; Ostlund et al., 2019). However, most studies have examined unpredictability in stress, anxiety,
and depressive symptoms, leaving a gap in our understanding of MU in anger/hostility (MUA), especially
in the context of prenatal substance use as mothers attempt to cut down or quit. Recent work suggests
that pregnant women who used tobacco or co-used tobacco and cannabis experienced higher levels of
anger/hostility and less of a decrease in anger/hostility throughout infancy (Ostlund et al., 2021), but the
role of MUA is unclear. We examined a conceptual model linking prenatal substance exposure, average
level of anger/hostility, and MUA with increased infant-toddler reactivity both directly, and indirectly,
via postnatal exposure and mood variables (see Figure 1).

Racially diverse, mostly low-income mother-child dyads (N = 247) were recruited in pregnancy and
oversampled for prenatal tobacco use based on maternal self-reports and mother-infant biomarkers (n =
81 used tobacco only; n = 97 co-used tobacco & cannabis; n = 69 were demographically similar non-
substance-using mothers; 51% Black, 31% White, 24% Hispanic/Latine). Maternal anger/hostility (BPAQ;
Buss & Perry, 1992) was measured prenatally and at 2-, 9-, and 16-months of infant age. We applied
Shannon’s entropy to the item distribution of the BPAQ at each timepoint and averaged measurements
to create prenatal and postnatal MUA scores. Maternal reports (MR) of infant reactivity were assessed
using the Infant Behavior Questionnaire (9 months; Gartstein & Rothbart, 2003) and toddler reactivity
using the Toddler Behavior Assessment Questionnaire (16 months; Goldsmith, 1996). The arm restraint
paradigm was used as a laboratory measure of behavioral reactivity (anger, struggle, and distress
intensity; Goldsmith & Rothbart, 1999).

Results from path analysis indicated an excellent fit to the data (results are depicted in Figure 2). Higher
prenatal anger/hostility predicted higher infant reactivity; co-exposure to tobacco and cannabis
predicted lower infant reactivity based on MR. More prenatal MUA predicted higher infant behavioral
reactivity. We found significant indirect associations between: maternal prenatal anger/hostility and
toddler MR reactivity via infant MR reactivity, = .10, 95% ClI [.05, .17]; maternal prenatal tobacco-
cannabis co-exposure and toddler MR reactivity via postnatal cannabis exposure, B = .05, 95% CI [.01,
.10]; and maternal prenatal MUA and toddler behavioral reactivity via infant behavioral reactivity, =
.05, 95% CI [.01, .10]. The present study provides evidence that unpredictability in prenatal
anger/hostility is a novel predictor of infant and toddler reactivity. Findings also provide support for
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prenatal anger/hostility as an important predictor of infant and toddler outcomes. Finally, findings
provide further evidence that prenatal co-exposure and continued postnatal cannabis exposure impact
infant and toddler socioemotional outcomes.

S.15 Learning By the Book: How Visual and Linguistic Regularities in Infant Storybooks

Support Language Development
Lynn Perry !, Jessica Horst 2, Amanda Mankovich 3, Megan Lorenz %, Viridiana Benitez °

! University of Miami, 2 University of Sussex, 3 University of Connecticut, * Augustana College, > Arizona
State University

Summary

Shared book reading is beneficial to language development by, e.g., increasing conversational turn
taking as parent-infant dyads elaborate on the story and pictures. However, less understood is how
regularities in the books themselves can support language development. This symposium brings
together three talks featuring diverse methods and participants highlighting different regularities in
books that could facilitate learning. Talk one assesses visual regularities in books, finding co-occurrence
of words and their pictured referents. Talk two compares color and spatial word frequency in books and
speech, showing these difficult-to-learn words are more frequent in books. Talk three examines English
and Spanish in bilingual books and parent talk during book reading, revealing frequent textual
codeswitching and parent switches into Spanish. The discussant, an expert in language development and
book reading, will discuss mechanisms of learning from books pulling together talk findings.

Details

Abstract 1, Title: Picturing words in children’s picture books.

The value of picture book reading in promoting vocabulary development is well-established (Horst &
Houston-Price, 2015). Although considerable research has delved into the ways in which the linguistic and
social dimensions of picture books and picture-book reading support word learning (Fletcher & Reese,
2005; Noble et al., 2018), the potential for their visual properties to support learning is much less explored.
The current study takes one step towards understanding the role of the visual world of picture books for
word learning by assessing the informativity of commonly-read picture book scenes for word-to-meaning
mappings. Of primary interest is to examine whether the visual referents in picture books possess three
hallmarks known to support children’s word learning: (1) frequent word-referent co-presence (Bergelson
& Swingley, 2013), (2) precise temporal alighment of words to their referents (Trueswell et al., 2016), and
(3) increased informativity for the youngest learners (Rowe & Snow, 2020).

Methods
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We analyzed 124 picture books commonly read to young children (Cameron-Faulkner & Noble, 2013;
Hudson et al., 2016; Montag et al., 2015; Wagner, 2013), which were then classified as 'Young Books'
(targeting 0-3-year-olds, N = 64) and 'Old Books' (targeting 4-8-year-olds, N = 64). Across books, we
identified 3968 noun events and examined whether the referents of those nouns were visible both on the
page the noun occurred (Timepoint N), as well as on the five pages before and five pages after the noun
occurred (Figure 1).

Results & Discussion

Our findings highlight three key trends of how words in picture books co-occur with their referents. First,
the mean proportion of matching noun-referent events across the pages of each book (‘Observed
Scores’; M =0.74, SD = 0.21) surpassed chance expectations (based on random shuffling of noun events
and presence of visual referents; ‘Baseline Scores’; M = 0.46, SD = 0.22; 8 = 0.03, p < 0.001; Figure 2A).
Moreover, Observed Scores were also within the 60-85% copresence range found in child-directed speech
(Bergelson & Swingley, 2013; Trueswell et al., 2016), suggesting that copresence is “high” and similar
across contexts. Second, nouns and their referents were well aligned in timing, with referent presence
high on the exact page featuring the noun, as opposed to the pages before (M=0.39, SD=0.23; 6 =-0.29,
p < 0.001) or after (M= 0.45, = 0.23; 8 = 0.25, p < 0.001; Figure 2C). This pattern aligns with the optimal
timing for promoting word identification in parent-child interactions (Trueswell et al., 2016; Whitehurst
et al., 1982). Lastly, Young Books (M = 0.04, SD = 0.04) displayed a slightly larger difference in scores
compared to Older Books (M = 0.03, SD = 0.01): 8 = 0.006, p < 0.05 (Figure 2B). Although present across
target audiences, the slightly higher peak at Timepoint N in Young Books (Figure 2C) suggests an
attunement in their visual world, offering clearer and more timely cues crucial for early word learning (Yu
& Smith, 2012), in contrast to the context-removed language that benefits older children (Rowe, 2012).

Abstract 2, Title: Spatial and Color Words are More Prevalent in Storybooks than Speech

There is a tight relationship between the words infants hear and the words they come to produce. For
example, infants who hear more spatial language learn more spatial words (Pruden et al., 2011). In
addition to the language infants hear from speech, they are also exposed to other sources of language,
include written language during shared book-reading. The language in storybooks differs from that in
speech in that storybooks are more lexically diverse and syntactically complex than infant-directed
speech (IDS; e.g., Montag et al, 2015). However, it remains unknown whether there are also differences
in the prevalence of specific types of vocabulary. To begin answering this question, we investigate two
categories of words that have protracted developmental trajectories—color and spatial words.
Specifically, infants first learn that color words (e.g., blue/red) belong to a class but have to refine their
mappings of words to hues over time (Sandhofer & Smith, 1999). Similarly, infants first comprehend and
produce spatial words (e.g., by/high) in highly prototypical contexts before using them more flexibly
(e.g., only calling the cup “by” the sink when it is nearly touching the sink; Lorenz & Plumert, 2019).
Here, we compare the frequency of color and spatial words in storybooks and IDS.

We calculated the frequency of the 20 spatial words and 8 color words that appear on the MacArthur-
Bates Communicative Development Inventory (MBCDI; Fenson et al., 1994), a normed list of words most
infants produce before 30-months-of-age. Storybook frequencies came from a corpus of 100 common
picture books (generated by Montag et al., 2015). IDS frequencies came from CHILDES (MacWhinney,
2000; Baath, 2010).
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We used mixed-effects regression to predict the frequency of each word from its type (color or spatial),
corpus (storybooks, CHILDES), the interaction between type and corpus, and age of acquisition (AOA,
based on MBCDI norms). The model also included a random item intercept. There was a significant
association between AOA and frequency, X?(1)=8.17, p=.004, such that earlier-learned words were more
frequent than later-learned words. There was an interaction between corpus and type, X3(1)=4.21,
p=.040. Follow-up analyses revealed that both color words, X?(1)=23.47, p<.00001, and spatial words,
X?(1)=16.20, p<.00001, were significantly more frequent in storybooks than in IDS. To confirm that this
difference in the frequency of color and spatial words in storybooks and speech is not universal across
all vocabulary, we examined whether there was a similar pattern in the relative frequency of early
words—the 13 first learned words on the MBCDI, excluding onomatopoeia. In this follow-up analysis we
found that the frequency of early words did not differ across storybooks and IDS, p>.20. See Figure 1.

Taken together, our results suggest that storybooks can be informative linguistic sources for
specific word categories, including color and spatial words. Given the complex trajectory for color and
spatial words, and that acquisition of spatial words might have significant implications for STEM skills in
elementary school, identifying relevant linguistic sources to support acquisition of these words will have
consequences for support infants long term development.

Abstract 3, Title: Codeswitching in bilingual picture books and shared reading interactions

Books offer children experience distinct from what they encounter in spoken language (Montag et al.,
2015). Bilingual books, which present text in two languages, have been increasing in popularity (Domke,
2018), and can provide rich opportunities for learning two languages from the text (Read et al., 2021), as
well as from the language produced during shared reading (extratextual talk; Brouillard et al., 2020;
Sénéchal & LeFevre, 2020). Although switching between languages (codeswitching) is a relatively
common feature of the input that bilingual children hear (Bail et al., 2015; Kremin et al., 2021), we know
little about codeswitching within the text in bilingual books and the extratextual talk that bilingual
infants and children experience during shared reading. In Study 1, we assess codeswitching in the text of
two different types of Spanish/English bilingual picture books: Translation books, which present the
narrative text in both languages, and Codeswitching books, which present English and Spanish
intermixed. In Study 2, we provide the first comparison of extratextual talk by bilingual parents during
shared reading with their toddlers across two book formats: an English-only and a Codeswitching book.

Study 1 compared two age-matched corpora of Spanish/English bilingual books (Codeswitching vs.
Translation books, N = 39 each, target age: 0-9 years). Books were transcribed and analyzed for 2 types
of codeswitches: within-utterance switches, where English and Spanish words are used in a single
utterance, and between-utterance switches, where a language change happens at an utterance
boundary. Results showed that Codeswitching books included significantly more within-utterance
switches [Codeswitching: M=27.8, SD=14.9, Translation: M=2.8, SD=5.5, W=96, p<.001], but fewer
between-utterance switches [Codeswitching: M = 5.7, SD = 5.7, Translation: M=22.3, SD=25.3;
W=1367.5, p<.001] than Translation books. While both types of books included more frequent changes
in language than has been described in child-directed spoken language, the type of switching that
occurred most often differed across books (Fig. 1A and 1B).

In Study 2, we video-recorded Spanish-English bilingual parent-toddler dyads (N=43) in their homes.

Parents read an English book and a Codeswitching book to their toddler (Mage = 3.8 years, SD = 0.51).
Parents’ extratextual talk (beyond the text) was transcribed and coded for frequency of codeswitches
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(ongoing, N = 6 to date). A codeswitch was counted when parents provided extratextual talk in Spanish
immediately following reading of English text. Results showed that parents codeswitched frequently for
the English-only book (M = 6.33, SD = 5.16) and even more often for the Codeswitching book [M =11.2,
SD=5.71, t(5) =-2.78, p = 0.039; Fig. 1C]. This suggests that bilingual parents frequently switch into
Spanish while reading with their toddlers, especially when reading a bilingual book.

Thus, we provide the first evidence that reading bilingual picture books may offer toddlers dense
exposure to a uniquely bilingual language experience: codeswitching, which occurs both within the text
and in parents’ speech. Findings have implications for understanding how the regularities within
different types of bilingual books and reading interactions can shape early bilingual language
development.

S. 16 Cutting-edge tools in EEG applied to speech processing
Valentina Silvestri }, Silvia Polver ?, Laura Fernandez-Merino 3, Katharina Menn #, Emily Phillips °

! University of Milano, Bicocca, 2 University of Padua, 3 Basque Center on Cognition, Brain and Language,
4 Max Planck Institute for Human Cognitive and Brain Sciences, ® University of East London

Summary

Currently, the renewed interest in applying EEG to study early speech processing is accompanied by
challenges in understanding its underlying neural mechanisms. This symposium aims to provide insights
into the strengths and potential pitfalls of recent methodological advances applied to non-repetitive and
dynamic speech in early development, to facilitate informed use in different settings, from controlled
ones to naturalistic social interactions. The first two presentations will address differences in
experimental designs when selecting speech-brain tracking methods and how the brain adapts to
speech stimuli at birth, guided by inherent linguistic adaptations, through phase precession. The last two
presentations will address speech tracking during naturalistic interactions with the caregiver. This
symposium aims to uncover innovative methodologies applied to speech processing, delve into neural
mechanisms, and equip participants with useful frameworks for applying these techniques.

Details

Abstract 1 Title: Methodological Insights into Cortical Tracking of Speech in Infancy: What is the Most
Optimal Measure for Your Sample?

In the last few years, research has focused on understanding how neural activity in the developing brain
tracks information in the external stimuli. In the domain of speech processing, this refers to the
mechanism of cortical tracking of speech — the neural processes in the brain that allow it to follow and
encode the temporal and spectral features of auditory stimuli associated with speech. This mechanism
has been proposed to play a significant role in the processing and encoding of continuous speech, and
individual differences in cortical tracking have been linked to language outcomes in young infants. The
increasing interest in this mechanism has been accompanied by significant methodological advances
related to collecting and analysing data from cortical tracking measures from young infants.
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In cortical tracking paradigms, infants are exposed either to short individual sentences or to continuous
speech while their continuous neural activity is recorded using electroencephalography (EEG) or
magnetoencephalography (MEG). The choice of stimulus type is not trivial as it will influence the optimal
data analysis techniques. In this talk, we will discuss different methodologies for the analysis of cortical
tracking data applied to two datasets where infants were presented with isolated sentences

vs. continuous speech. The first dataset includes Basque monolingual 9-month-old infants (N = 32), and
the second dataset includes Basque-Spanish bilingual 10-month-old infants (N = 37). The 9 month-olds
were presented with continuous passages of a children’s Basque story in infant-directed speech. The 10
month-old bilinguals were presented with isolated sentences in Basque infant-directed speech. The data
analysis methods that we will discuss include: 1) Classic time-domain analyses, such as phase
synchronization (phase-locking value), which offer insights into the precise timing of neural responses
relative to speech events. 2) Frequency domain analyses, such as power analyses to analyze the
intensity of neural oscillations across different frequency bands in response to speech. 3)
Synchronization analyses, such as coherence, to measure the degree of synchronization between neural
oscillations and speech signals across different frequencies at given time points. 4) Linear decoders, such
as multivariate Temporal Response Function models (mTRFs) to describe how an input and output of a
system are related via linear convolution.

We will argue that the nature of the experimental paradigm significantly influences synchronization
outcomes, affecting the interpretation and generalizability of findings. Continuous speech, reflective of
natural language processing, introduces complexities in analysis, requiring also careful consideration of
practicalities with infant testing and long recordings. In contrast, isolated sentences provide controlled
conditions but may not be as suitable as continuous speech for specific synchronization analyses. In
summary, our contribution will show how different methods may be more suitable based on the specific
goals of each study and the characteristics of the speech stimuli employed. This overview aims to guide
and inform researchers interested in speech-brain tracking calculation methods to enhance the validity
and robustness of infant research in the domain of speech processing.

Abstract 2 Title: Linguistic rhythmic structures in the newborn brain: exploring predictive processing
through phase precession.

Neural oscillations are a key neural mechanism in speech perception and language processing in adults
(Giraud & Poeppel 2012; Peelle, Gross & Davis, 2013). Oscillations allow the brain to entrain to different
linguistic units such as phonemes, syllables, phrases, simultaneously. Given their regularity, oscillations
also offer a natural way to predict future events in (quasi-)rhythmic stimuli such as language. Indeed, the
brain has been shown to form predictions about upcoming events (Auksztulewicz et al., 2018; Morillon
& Schroeder, 2015). Hence, as speech perception arises from the dynamic sampling of acoustic
information at multiple time scales (Morillon & Schroeder 2015), the ability to predict upcoming events
may facilitate the encoding of linguistic stimuli (Kujala et al 2023). Studies show that these predictions
accelerate processing of quasi-rhythmic stimuli in adults, enhancing the encoding of repeated
information (Teng et al., 2020). This results in a faster encoding of characteristics, leading to earlier
response onsets, termed “precession” (Teng et al., 2020). The developmental origins of predictive
precession have not yet been explored. In this study, we investigated whether oscillatory responses
change dynamically in newborns upon the repeated presentation of sentences in three different
languages: the prenatally heard language, French; an unfamiliar, but rhythmically similar language,
Spanish; and an unfamiliar and rhythmically different language, English. We used data from Ortiz et al.
(2023), whereby prenatally French-exposed newborns (n=40, age range 1-5 days) heard 100 repetitions
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of a sentence in each of these languages, with the order of languages counterbalance across infants,
while their brain activation was measured using EEG at 10 electrodes sites known to show auditory and
speech-related responses. We first extracted peak frequencies over aperiodic components (Donoghue et
al., 2020), across the delta and theta bands from newborns’ EEG power spectrum densities. After
detrending, we calculated the cross-correlation between the first and last trial averages and extracted
the maximum phase lags. In order to investigate the predictive encoding of stimuli across trials, the
maximum delay at the fundamental frequency was mapped in radians. Our results show that for the
rhythmically dissimilar and unfamiliar language (English), the last trial lags behind the first one by 937.7
rad. For the rhythmically similar unfamiliar language (Spanish) the last trial lags behind the first one by
205.5 rad, while for the native language (French) the lag is of 109.7 rad. Overall, no phase precession is
found across languages; instead, we observe gradual slowing. The native language shows less
pronounced deceleration, suggesting preserved speech tracking despite fatigue. Conversely, speech-
tracking declines more prominently for the other two languages, especially for the rhythmically similar
unfamiliar language. The absence of phase precession at birth may stem from immature brain networks
underlying the formation of predictions. Nevertheless, the less marked slowing for the native language
suggests the presence of specific predictions guiding rhythmic structure encoding, reinforcing rhythm's
role in early language acquisition. Finally, through novel methodological perspectives, these findings
open interesting avenues for understanding how speech is encoded within brain oscillations and how
the complex process of language acquisition takes place.

Abstract 3 Title: Natural Infant-Directed Speech Facilitates Neural Tracking of Prosody

Infants are very social. They interact long before they can produce speech (Bell, 1974). When interacting
with infants, adults across many languages use a characteristic register, termed infant-directed speech
(IDS) (Soderstrom, 2007). Infants prefer IDS over adult-directed speech (ADS) (Cooper & Aslin, 1990);
moreover, IDS assists infants’ word segmentation and recognition (Mannel & Friederici, 2013; Schreiner
& Mani, 2017; Singh et al., 2009). This IDS benefit has been argued to reflect enhanced amplitude
modulations at the frequency of prosody (< 3 Hz; Leong et al., 2017), which is critical for word
segmentation (Goswami, 2019).

While IDS is known to benefit the electrophysiological processing of speech by infants (Kalashnikova et
al., 2018), it remains unclear whether this results specifically from prosody or other factors, such as the
syllabic rhythm. To test this, we compared infants’ tracking of IDS and ADS at both the prosodic rate (1—
2.5 Hz) and the syllable rate (4.5-6.5 Hz). In mother-infant dyads (n = 30), mothers described novel
objects to their German-learning 9-month-olds while infants” EEG was recorded. For IDS, parents were
instructed to talk to infants as they typically do, while for ADS, mothers described the objects as if
speaking with an adult. Phonetic analyses confirmed that pitch features were more prototypically infant-
directed in the IDS-condition compared to the ADS-condition (all p <.005). Neural tracking of speech
was assessed by speech—brain coherence, which measures the synchronization between the EEG and
the speech envelope. Higher synchronization between neural activity and speech supports speech
processing (for review, see Meyer, 2018; see Fig. 1.1). We expected higher speech—brain coherence at
the syllabic and prosodic rates for IDS compared to ADS, indicating increased neural tracking of slow
amplitude modulations.

Our analyses revealed significant speech—brain coherence at both syllabic and prosodic rates (both p <
0.001), indicating that infants track speech during natural interactions. In addition, we found
significantly higher speech—brain coherence for IDS as compared to ADS at the prosodic rate (p =.002),
but not the syllabic rate (p = .33)—indicating that the IDS benefit arises primarily from enhanced
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prosody (see Fig. 1.2). Thus, neural tracking is sensitive to parents’ speech adaptations during natural
interaction. IDS provides 9-month-olds with a specific advantage for processing prosody, as opposed to a
general benefit for speech processing. Neural tracking of prosody has been proposed as a potential
neural mechanism for infants’ word segmentation from continuous speech (Goswami, 2019; Menn et
al., 2022). In enhancing prosody, IDS may thus facilitate higher-level inferential processes such as word
segmentation.

Abstract 4 Title: Examining speech-brain tracking during naturalistic caregiver-infant object play using
mTRF modelling

Previous work examining neural tracking by infants to amplitude modulations in speech has used pre-
recorded, continuous, and usually nursery rhyme stimuli (e.g. Attaheri et al., 2022). In everyday infant-
directed-speech, however, vocalisations are variable in length, often repetitive and short, and occur in
dynamic, interactive exchanges.

Recording infant EEG during free-flowing interactions with their caregiver, we use mTRF modelling to
assess speech-brain tracking in naturalistic settings. Given the noisiness of naturalistic data, we test two
training approaches: Individual, where models are trained on individual participants’ data, and Generic,
which pools across the data of all participants. We also test two methods for segmenting speech as
inputs to the model. First, to optimise data quantity, we train mTRFs on continuous interaction
segments. Second, to reduce the amount of noise, we compute models with each caregiver vocalisation
serving as individual inputs.

Forty-six dyads contributed usable data (M=11.14 months; SD=1.30). 32-channel EEG was recorded from
infants whilst they engaged in shared table-top play with their caregiver. Vocalisations were identified
and categorised into those lasting over 500 or 2000ms.

The amplitude envelope of caregivers’ speech was extracted and filtered below 15Hz, and the EEG signal
was filtered into delta (1-4Hz), theta (4-8Hz) and alpha (8-12Hz) frequencies. For continuous
segmenting, EEG and speech streams were split into equal-length segments, and randomly allotted into
“training’ and ‘test’ sets. For vocal chunking, each caregiver vocalisation was cut out of the EEG and
speech time-series and treated as separate data segments.

Individual models were trained by computing a model for each ‘training’ segment, and averaging across
models (Crosse et al., 2016). Predictive accuracy was calculated by convolving the ‘test’ segment’s
neural response with the mTRF and calculating the correlation (r) between the speech signal and that
predicted by the model. Accuracy values in training and testing were compared to test for overfitting.
Generic model training combined participants’ ‘training’ and ‘test’ sets, and averaged models across
participants. Final model accuracy was computed by convolving each participant’s neural response with
the averaged inter-participant model.

Observed r values were compared to a permutation distribution, using paired-sample t-tests, created by
pairing each infant’s EEG signal with a random caregiver’s speech stream.

For Individual models, the continuous method revealed significant predictive accuracy values for delta
models only (delta, p=0.043; theta, p=0.179; alpha, p=0.930; Fig. 2.1). In the vocal segmenting method,
accuracy did not fall above chance at any frequency (ps>0.05). Whilst r values in model testing were
lower than model training for all analyses, greatest differences were observed for vocalisations over
2000ms (Fig. 2.1).

Results of the Generic models, with continuous segmenting, indicated significant tracking at theta
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frequencies (delta, p=0.195; theta, p=0.018; alpha, p=0.184; Fig. 2.2). Vocal chucking revealed no
significant accuracy values (Fig. 2.2). Across all Generic models, r values were very low (<0.008),
suggesting poor representations of the relationship between the speech and EEG signal (Cross et al.,
2022).

Our findings demonstrate that constructing mTRF models from naturalistic interaction data is most
optimal at the individual level, utilising all available data.

S.17 Biobehavioral Measurement of Interactive Dynamics in Infants at Elevated Likelihood

for Autism
Jessica Bradshaw !, Daniel Messinger 2, A. J. Schwichtenberg 3, Rujuta Wilson *

1 University of South Carolina, 2 University of Miami, 3 Purdue University, * UCLA David Geffen School of
Medicine

Summary

Infant siblings of children with autism spectrum disorder (ASD) are at an elevated likelihood (EL) for ASD
and for a myriad of developmental challenges, including social-communication differences and motor
delays. Due to the lack of highly sensitive and specific behaviors that predict ASD in the first year of life,
early identification efforts have turned to the study of dynamic, biological processes. ASD is a
neurodevelopmental disorder that affects development across domains. As such, measures of multiple
biobehavioral systems may be the most promising avenue for uncovering biological underpinnings of
ASD and pinpointing developmental cascades that lead to specific challenges. This symposium presents
four prospective, longitudinal studies that leverage unique measures of infant biobehavioral dynamics
(heart rate, behavioral synchrony, cry, movement) of multiple developmental domains (attention, social,
vocalization/speech, and motor) in understanding the emergence of ASD in infancy.

Details

Abstract 1: Heart Rate Measures of Attention and RSA in Infants at an Elevated Genetic Likelihood for
ASD

Infant sustained attention can be characterized by a deceleration in heart rate that occurs during
episodes of looking. More heart rate change during a look has been linked to more active attention and
enhanced cognitive processing (Richards, 2010). Respiratory sinus arrhythmia (RSA) is a measure of how
respiratory centers modulate the vagal control of the heart, with high RSA reflecting healthy integration
of cardiorespiratory systems. Individual differences in RSA are associated with heart rate changes during
episodes of sustained attention, suggesting that RSA may also be important for active attention and
cognitive processing. For infants at an elevated likelihood (EL) of autism spectrum disorder (ASD),
reduced RSA and/or blunted attention-based heart rate changes may be an indicator of the infant's
limited capacity to sustain attention to the environment, possibly limiting early social learning
opportunities.
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In a prospective, longitudinal study of infants at EL (N=43) and low likelihood (LL; N=51) for ASD, we
examine resting RSA and heart rate changes during attention from 1-36 months of age. Heart rate was
recorded while infants watched videos and interacted with caregivers and objects. Heart rate data was
cleaned for noise and periods in between experiments were extracted to obtain an overall measure of
resting RSA. To calculate RSA, a continuous wavelet transformation (CWT) from 0.5-1.5 hz was
conducted and inverse CWT was calculated as log(var(iCWT)). All experiments were filmed and coded for
infant attention. The first 20 seconds after each look were used to calculate heart rate changes during
attention. General linear models were used to evaluate resting RSA and heart rate responses across age
and between EL and LL groups.

Results show that heart rate significantly decreased and RSA significantly increased with age from 1-36
months (ps<.0001). For both models, there was no significant main effect of group (EL vs. LL) and no
significant group x age interaction. When EL and LL infants were split into respective “high” and “low”
resting RSA groups, general linear models showed a significant likelihood group x RSA group interaction
for the effect on heart rate responses (F=5.22, p=0.024). Specifically, LL infants with high RSA showed
more heart rate change (more deceleration) during attention (F=8.64; p=0.005), but LL infants with low
RSA showed very little heart rate response during attention (Fig 1). Thus, as previous studies have
shown, infants with higher RSA show more heart rate deceleration during attention compared to those
with low RSA. Critically, our results show that this was only the case for LL infants. For EL infants, both
high-RSA and low-RSA infants showed significantly smaller heart rate responses during attention.

These findings point to a disrupted integration of cardiorespiratory and attention systems in EL infants.
Previous work has shown that both RSA and heart rate changes during attention are important for the
development of social communication (Bradshaw & Abney, 2021) and this study shows that for EL
infants, who are already at a greater likelihood of ASD and social-communicative challenges, there may
be a maladaptive disconnect between cardiorespiratory and attentional systems early in development.

Abstract 2: Strange Situation Vocal Characteristics as a Predictor of Attachment Classification for
Toddlers at Elevated Likelihood of Autism

Atypical vocalizations are commonly observed in infants who go on to be diagnosed with autism
spectrum disorder (ASD), and atypical vocalization qualities are found across the lifespan for individuals
with ASD. We previously found children in the current sample later diagnosed with ASD were more likely
than children without ASD to be classified as insecure (vs secure) and more likely to be classified as
insecure-resistant (versus secure or avoidant) at 15 months of age (Martin et al., 2020). Prince et al.
(2021) found that expert ratings of resistance behaviors were associated with increased crying during
both reunion episodes of the Strange Situation Procedure (SSP). Given these findings, we examined how
objectively-identified toddler vocalizations and cries (and toddler-directed adult vocalizations) during
both low and high stress interaction episodes functioned as potential predictors of attachment
classification and later ASD diagnosis.

Vocalizations of 15-month-old children with later (36 months) ASD diagnoses (EL/ASD, N=15), and at
elevated familial likelihood for ASD without an ASD outcome (EL/No-ASD, N=37) and low-likelihood
without later ASD (LL/No-ASD, N=40) were identified during the SSP. Toddler and adult non-cry
vocalizations were detected by the Automatic Linguistic unit Count Estimator (ALICE; Rasanen et al.,
2021), toddler cries were detected with a SVM classifier using deep spectrum and acoustic features
(Micheletti et al., 2022, Yao et al., 2022), and the fundamental frequency (FO; pitch) of vocalizations
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were obtained with Praat (Boersma & Weenik, 2023). Based on the 15-month SSP, toddlers were
classified as Secure (N = 65), Insecure-Resistant (N=9), or Insecure-Avoidant (N=5), Disorganized (N =
13).

For the sample as a whole, the pitch of adult vocalizations (mean FO) were lower and toddlers exhibited
shorter average, total, and proportional cry durations during low stress (Free play) than high stress
(Separation with Stranger, Child Alone, Reunion with Parent) SSP episodes. With respect to diagnostic
group, adult vocalizations toward toddlers with EL/No-ASD had higher mean FO than adult vocalizations
toward toddlers with LL/No-ASD. For children who cried during the low stress interaction, cry mean FO
was higher for children with EL/ASD than those with EL/No-ASD. With respect to attachment
classification, there were no significant group differences in toddler non-cry vocalization mean FO, mean
cry duration, or adult vocalization mean FO. However, children with resistant attachment demonstrated
significantly greater cry duration than children with secure (p = .007) or avoidant (p = .022) attachment,
F(3,85) = 4.15, p =.008, np2 = .128. No difference in total cry duration was found between children with
and without later ASD, F(1,85) =.065, p =.800, np2 =.001. In our sample, greater cry duration predicted
attachment classification, which adds to previous evidence that cry duration is as an objective marker
for resistant attachment (Prince et al., 2021).

Abstract 3 Dyadic Synchrony and Responsiveness within the Context of Elevated Autism Likelihood:
Applying Time-varying Effect Models

The ability to engage in synchronous interactions develops within the first year, as infants learn to
sequentially regulate their prosocial behaviors. Difficulties developing competence in these early social
building blocks is linked to later developmental concerns, such as autism spectrum disorder (ASD) or
language delays. Currently, our metrics for quantifying social competence primarily rely on mean-level
indices. However, the nature of an interaction can change in just a few minutes. Thus, to inform our
understanding of early social development, the present study modeled the ebb and flow in dyadic
synchrony and responsiveness to determine whether unfolding rates of social exchanges are
distinguishable by autism-likelihood or developmental concern classification groups.

One hundred and sixty-seven dyads were recruited from families with at least one older child with ASD
(elevated ASD likelihood group, n = 95) or families with no history of ASD (typical ASD likelihood group, n
=72). As part of a prospective study, 12-month-old infants and their mothers completed a play
interaction. Theory-driven indices of dyadic synchrony (DS), infant responsiveness (IR), and maternal
responsiveness (MR) were derived from micro-analytically coded instances of gaze, positive affect, and
vocalizations. A series of logistic time-varying effect models (TVEM) were conducted to assess
associations between rates of observed synchrony/responsiveness and group status. The first set of
models compared elevated and typical ASD likelihood groups and the second set explored differences
based on study outcome classifications of typical development, non-ASD developmental concerns (Non-
ASD DC), and ASD. Likelihood status models for DS included a total of 21,227 observations (elevated ASD
likelihood = 11,886; typical ASD likelihood = 9,341). Developmental classification models included 19,646
observations (ASD = 1,762; Non-ASD DC = 3,960; TYP = 13,924).

Regardless of risk and/or developmental classifications, dyads exhibited relatively stable rates of
synchrony and responsiveness (Figure 2). However, a distinct pattern for the Non-ASD DC group was
evident. Recognizing the Non-ASD DC group primarily included children with language-specific concerns,
this finding may further highlight the active role language development plays in our indices of dyadic
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synchrony and responsiveness. Within this study, infants (regardless of group membership) with higher
DS, IR, and/or MR at 12 months scored significantly higher on receptive and expressive language scales
at 36 months. Overall, this study provides preliminary support for examining social processes over
continuous time to provide meaningful context beyond our typical reliance on aggregated behavioral
totals.

Abstract 4: Wearable sensor technology to assess motor movements that differentiate infants at
familial risk for ASD and ADHD

Autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD) are two prevalent
neurodevelopmental disorders (NDDs) that manifest in early childhood. Despite being distinct
conditions, ASD and ADHD often co-occur and share similar traits. Increasingly, efforts have been made
to measure behaviors that present in early life that may be shared or differentiate these two conditions
to guide early detection and developmental monitoring. Although motor delays and challenges are often
reported in both ASD and ADHD, both as a prodromal symptom feature and manifesting through
childhood, early motor differences that may distinguish the two groups have not been yet identified.
Quantitative measures of movement variability hold promise for improving the identification of subtle
and specific differences in motor function. The ability to generate a complex and variable repertoire of
movements in early life is important for healthy neuromotor maturation. Poor variability in motor
movements underlies more constricted and repetitive motor movements, core diagnostic features of
ASD. Less complex movements may be subtle to detect in infancy and quantitative measures may detect
this potential distinct prodromal behavioral feature of ASD5. We created a novel quantitative measure
of movement variability and complexity, termed curvature, and investigated whether this measure
differentiates toddlers with ASD and ADHD Concerns and improves prediction of infants who later
receive a diagnosis of ASD. We hypothesized that infants with a later ASD diagnosis would show lower
curvature compared to infants with later ADHD Concerns and those typically developing (TD).

Infants with an older sibling with ASD (high familial risk for ASD) and infants with family history of ADHD
(high familial risk for ADHD). At 36 months, participants were categorized into three outcome groups:
ASD (n =19), ADHD Concerns (n =17), and TD (n = 82). We used a wearable tri-axial accelerometer to
evaluate continuous motion-based activity in infants at 12, 18, 24, and 36 months of age during
laboratory-based assessments. We constructed a measure, curvature, using the accelerometer time
series data. High curvature indicates a more variable acceleration movement pattern generated by an
infant. Conversely, low curvature indicates a less variable acceleration movement pattern. To evaluate
the predictive utility of curvature with respect to ASD, we used age-stratified logit models with and
without adjustment for familial ASD risk. Predictive performance was evaluated using the area under the
ROC curve (AUC).

Curvature was significantly lower at 18, 24, and 36 months in infants with later ASD diagnhosis compared
to infants with ADHD Concerns and TD. Curvature was a valuable predictor of ASD at 18, 24, and 36
months (AUC 0.66-0.71; p = 0.005-0.039). The 18- and 24-month timepoints remained significant after
adjusting for familial risk group, adding predictive value over and above baseline familial ASD risk
(combined AUC: 0.90, p=0.005-0.019), while the 36-month timepoint was marginally significant
(combined AUC: 0.87, p=0.09). Lower movement curvature may be a distinct feature of early motor
differences in infants with later ASD compared to ADHD and may underlie the emergence of later
movement delays and repetitive movements in this condition.
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S.18 Motor development in interplay with the environment: exploring developmental

variability and developmental cascades
Mariagrazia Zuccarini !, Joshua L. Schneider 2, Wibke Eickmann 3, Valentina Graziosi !, Hana D'souza *

! University of Bologna, 2 New York University, 3> TU Dortmund, # Cardiff University

Summary

Changes in development occur both within and across multiple domains and are influenced by a
constantly changing environment. Indeed, the acquisition of motor skills alters infants’ interactions with
the environment and experiences with objects, spaces, and people. These changes may have cascading
effects on other domains.

This symposium provides new insights into this complex phenomenon in neurodiverse populations and
through different methodologies (i.e., observation, novel paradigms, and advanced technologies).
Presentation 1 underscores how locomotor development shapes caregiver behavior around spatial
construction and interaction in neurotypical infants. Presentations 2 and 3 involve preterm infants. The
first points out the role of parents in stimulating infants’ object exploration; the second highlights the
role of sitting skills in enhancing communication abilities. Presentation 4 shows how sensorimotor
abilities constrain language development in children with Down syndrome.

Details

Abstract 1: Building spaces for play: How mothers design and explore new play environments with
pre-walking and walking infants

The physical environment is the backdrop for infant development. Indeed, all infant behavior—
movement, exploration, social interaction, and communication—occurs in the context of a physical
space. Yet researchers know surprisingly little about how the spaces that infants inhabit come to be. For
infants, everyday play spaces are typically structured by caregivers. Caregivers choose the objects and
furnishings that dress playrooms and living spaces and organize them in particular ways. As infants’
postural and locomotor skills develop, however, so does their agency for engaging with the spaces of
everyday play and potentially altering them.

Learning to walk, for example, changes how infants interact within the environment. Compared to pre-
walking infants, walkers move more, travel more, and spend more time playing at a distance from their
caregivers. The cascading effects of walking on other infant behaviors suggest that walking may expand
how infants explore and interact with the spaces of everyday life. As a result, caregivers likely update
and reconfigure the physical arrangements of infants’ spaces to meet their developmental level,
structure safe environments for play, and respond to a continually advancing repertoire for action. How
do caregivers build spaces for infant play? And does infant motor ability shape the characteristics of the
spaces that caregivers construct?

This study introduced a novel paradigm to examine how mothers of pre-walking and walking infants
created a new play space and engaged in play in different environments. We observed 52 12-month-old
infants (35 pre-walkers, 17 walkers) and their mothers. Mothers were asked to design a playroom using
a set of building blocks in an otherwise empty room. We examined relations among infants’ locomotor
status, mothers’ design choices, and patterns of infant and mother behavior during eight minutes of play
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in mother-designed playrooms.

Figure 1 illustrates representative playrooms from mothers in both locomotor groups—small, average,
and large rooms for pre-walkers (in red) and walkers (in blue). As shown in the figure, mothers built
spacious playrooms for pre-walkers (multiple block constructions spanning a large area) and
concentrated playrooms for walkers (one to two block constructions covering a small area). There were
also group differences in infant activity during play: walkers moved more, traveled more, and engaged in
more complex patterns of interpersonal distance to mothers compared to pre-walkers. And although
mothers directed similar amounts of language and gesture input to infants during play, they
communicated more frequently while infants were moving compared to when they were stationary.
Finally, differences in the characteristics of mothers’ playrooms (indexed by the built area of the space)
only related to one infant behavior: infants generated more room layout changes (i.e., when infants
changed the configuration of the playroom by moving a block) when playrooms were larger.

Taken together, this study expands our understanding of how infant motor development shapes
caregiver behavior and extends these cascading connections to the domain of caregiver spatial
construction. Most importantly, we contribute new insights about the dynamics of infant and caregiver
behavior as a process embedded in the context of the physical environment.

Abstract 2: Supporting Preterm Infants' Object Exploration in Parent-Infant Object Interaction at 6
months

Introduction. Preterm infants showed delayed motor development with developmental cascading
effects in other domains (di Rosa et al., 2016). For example, preterm infants showed less object
exploration at six months, which is linked to poorer performances in language development at two years
(Zuccarini et al., 2017). Previous work showed that parents can support gross and fine motor
development of preterm infants (e.g., Lobo & Galloway, 2008, 2013), but evidence about scaffolding for
object exploration in this population is still scarce.

Aim & Hypotheses. This study investigates how parents of preterm infants can support early object
exploration through interaction. We hypothesize that parental object presentation can increase preterm
infants’ visual and manual engagement with the object and exploratory behaviors.

Study population. Forty preterm parent-infant dyads were assessed at 6 months of corrected age (M =
6.3, SD = 0.4) as part of a preterm follow-up program. The infants (22 females) had a mean gestational
age of 29.9 weeks, SD = 2.9, and a mean birth weight of 1241 grams, SD = 390. Recruitment took place
at the University Hospital of Bologna, Italy, with the majority of parents (82.5%) being Italian.

Methods. The dyads were observed during a 6-minute semi-structured interactive session with age-
appropriate toys. Sessions were videotaped, and parents’ and infants' behaviors were coded frame by
frame using the Interact software. The coding focused on: a) infants’ engagement with the objects; b)
infants’ object exploratory behaviors; c) caregivers’ engagement with objects; d) caregivers’ object
presentation. Proportional durations were computed for each infant and caregiver behavior.

Results. Data analysis was conducted using IBM SPSS and GSEQ. Infants engaged manually with the
object 60% of the time, visually without holding the object 18%, and showed no object engagement for
the rest of the time. Object manual engagement was predominantly passive (holding, 40%). The most
frequent active object manual engagement was mouthing (12%), followed by manual rhythmic
behaviors (4%), fingering (2%), and moving the object (e.g., turning, transferring; 2%). Caregivers spent
50% of the time holding the object in their hand for visual (20%), functional (10%), tactile (1%)
presentation or handing the object to the infant (18%); less than 1% of the time, caregivers took the
object away from their infant’s hand. Correlational analyses showed that caregivers’ functional
presentation of the objects was positively correlated with infant visual engagement, but negatively
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associated with infant manual engagement. Conversely, the absence of object presentation by parents
was positively correlated with infants’” manual engagement. Temporal analysis of parent-infant
interaction showed that infants were more likely to visually engage with the object when parents were
presenting it and more likely to initiate manual engagement with the object during the five-second
window following object presentation.

Discussion. Findings support the hypothesis that parents, through object presentation, can stimulate
preterm infants to focus on and manipulate objects. The correlational findings on the other hand
suggest that less parental involvement goes along with more manual activity on the infants’ part.

Abstract 3: Relationship between vocal production and sitting acquisition in 6-month-old preterm
infants

Introduction. Preterm infants are at risk for neurodevelopmental delays, including delayed motor
milestones, posture acquisition, vocal production, and language onset (Ko & Lim, 2023; Oller, et al.,
2019). Recent studies on typical and some atypical populations have shown that mastering new motor
skills contributes to the development of communication and language abilities (lverson, 2022), but very
few studies have explored the relationship between these skills in preterm infants (Jensen-Willet, 2019).
This study aims to investigate the relationship between vocal production and motor development in 6-
month-old preterm infants, focusing on sitting acquisition.

Method. Seventy-four very low gestational age and/or very low birth weight preterm infants with no
major cerebral damage, sensory or motor impairments (34 females; gestational age: M = 29.8 weeks, SD
=19.3; birth weight: M = 1233 grams, SD = 368) were recruited from University Hospital of Bologna,
Italy, and assessed at six months of corrected age. Infants’ vocal productions were collected during a
video-recorded 7-minute semi-structured mother-infant interaction session, transcribed, and analyzed
using CHILDES software. Infants' vocal productions were coded as follows (Buder et al., 2013): Level O:
reflexive sounds; Level 1: phonation-related protophones; Level 2: canonical and reduplicated babbling.
Frequency per minute for each category was computed. Motor skills were assessed through the Bayley
Scales of Infant and Toddler Development (BSID-III, Bayley, 2006). The Bayley item for unsupported
sitting for at least 30 seconds was video-recorded and used to identify such acquisition.

Results. All children produced reflexive sounds (LO), most of them (94.6%) showed protophones (L1),
while only 24.3% exhibited babbling (L2). Infants’ mean rate per minute consisted mainly of LO (M =
2.72; SD =2.14) and L1 (M = 2.79; SD = 2.44) sounds, while L2 was limited (M = 0.08; SD = 0.25).
Regarding motor skills, the mean infants’ composite motor score was 91.5 (SD = 13.4), gross-motor
scaled score 7.4 (SD = 2.5), and fine-motor scaled score 9.7 (SD = 3.3). Concerning unsupported sitting
acquisition, 10.8% of the sample maintained it for at least 30 seconds. Spearman correlations showed
positive associations between L1 productions and the gross-motor score (r =.23; p =.05), and between
L2 productions and the composite motor score (r = .23; p = .05). Infants achieving unsupported sitting
for at least 30 seconds produced more vocalizations per minute (LO, L1, L2 sounds) than children not
exhibiting such skill yet (ps <. 05).

Conclusions. New evidence is provided on the reciprocal influence between the motor and vocal
domains in preterm infants highlighting positive relationships between gross-motor achievements and
vocal development and, particularly, between mastered unsupported sitting and vocal productions,
including protophones and babbling. These findings emphasize the relevance of assessing specific motor
and vocal skills using observation tools, besides developmental scales. This approach can help identify
early motor and language delays, and plan tailored interventions for preterm infants.

Abstract 4: Hand-eye coordination constrains receptive vocabulary in young children with Down
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syndrome

Introduction & Hypotheses. Young children with Down syndrome (DS) have been described as showing
reduced engagement with their physical environment. Compared to their typically developing (TD)
peers, children with DS spend less time looking at and manually exploring objects (for review, see
D’Souza & D’Souza, 2023). Coordination of these two behaviours, i.e., hand-eye coordination, may be
particularly important for creating opportunities for word learning, constraining receptive vocabulary
development. Here we utilise head-mounted eye-tracking to examine hand-eye coordination in context
within which word learning commonly occurs — free-flowing interaction with objects and a social
partner.

Study Population. Fifteen TD young children (17-27 months) were matched on mental age to 15 children
with DS (36-58 months).

Methods. Together with their parents, the young children took part in the head-mounted eye-tracking
study of parent-child interaction (6 minutes) with novel objects and their labels. The video data was
coded frame-by-frame for looking behaviours and object handling. This enabled us to extract instances
of child hand-eye coordination (moments when the child both looked at and manually handled the same
object). The audio data was transcribed and analysed for the number of labels given by the parent. The
parents reported on their child’s receptive vocabulary using a customised Communicative Development
Inventory (CDI; based on Fenson et al., 2007). Children were also administered the Mullen Scales of Early
Learning (MSEL; Mullen, 1995) to measure their mental age.

Results. Contrary to general expectations, there was no difference in the frequency of hand-eye
coordination per minute between children with DS (M=14.56, SD=3.50) and TD children (M=14.03,
SD=4.54); £(28)=0.36, p=.724. Similarly, no differences were observed in the proportion of time in hand-
eye coordination (DS: M=.36, SD=.10; TD: M=.35, SD=.10; t(28)=0.19, p=.853). There were also no
differences in parental labelling frequency per minute (DS: M=3.99, SD=2.29; TD: M=4.99, SD=4.04;
t(28)=-0.84, p=.411) or receptive vocabulary size (DS: M=331.73, SD=108.69; TD: M=381.67, SD=124.73,;
t(28)=-1.17, p=.252).

Next, we examined whether hand-eye coordination constrained receptive vocabulary size. The
frequency of hand-eye coordination did not (both groups: R2<.14, F(1,13)<2.10, p>.170). However, the
proportion of time spent in this state did (see Fig.1), but only in the DS group (R2=.27, F(1,13)=4.78,
p=.048) and not in the TD group (R2<.01, F(1,13)=0.06, p=.814). Interestingly, the number of labels per
minute parents provided did not explain a significant proportion of variance in receptive vocabulary in
either group (both: R2<.04, F(1,13)<0.51, p>.490).

Discussion. In sum, despite no general group differences, we found support for alternative
developmental pathways. Specifically, children with DS who spent more time jointly handling and
visually attending objects had greater receptive vocabulary. This supports an interpretation that hand-
eye coordination plays a crucial role in forming representations of objects which can then be paired with
auditory labels. It is possible that children with learning disability, which is common in children with DS,
rely on this developmental process for a prolonged period. This line of research will inform our theories
of language development as well as provide insights for parents and practitioners into how to better
support young children with DS.

S.19 Emergence of socio-cognitive development: Focus on neural-physiological-

behavioural dynamics in mother-infant interactions
Myowa Masako ?, Victoria Leong 2, Michiko Matsunaga 3, Yaara Endevelt- Shapira *, Francoise Diaz-
Rojas !
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Summary

Human social cognition is developed with diverse trajectories. An infant's internal senses (interoception)
are integrated with multimodal information from outside the body (exteroception), particularly through
daily interactions with caregivers. The social brain is believed to be driven by these experiences. It is also
important that caregivers are influenced by interactional experiences, leading to changes in the
mechanisms of further interactions. Therefore, this symposium presents cutting-edge methods for
analysing mother-infant interactions. We discuss the diversity of social cognitive development from an
open systems science approach, with focus on how we can visualise the dynamics of mother-infant
interactions through multiple organ layers such as the gut microbiota, autonomic nervous system,
neural brain system and behaviours. Overall, this symposium will help us better understand the
development of diverse social cognition, including cultural and individual differences.

Details

Abstract 1: Dyadic Sociometrics: Precision Assessment of Early Parent-Child Social Interaction to
Predict Early Cognitive Development

During early life, healthy neurodevelopment depends on warm, responsive and closely-coordinated
social interactions between infants and caregivers. These rich multidimensional sensory experiences act
through diverse neurophysiological pathways and at multiple timescales to orchestrate healthy
maturation of the neonatal brain, mind and body. Conversely, adverse early life experiences seed
vulnerabilities for poor cognition and emotional instability throughout the lifespan.

Despite the pivotal role played by caregiver interactions in early development, we still lack medical
models and precision tools that can accurately and objectively assess a child’s social environment and
interactive capacities (their ability to engage in and respond to social input). Specifically, social
interaction indices are not typically tracked at a millisecond timescale that is compatible with fine-
grained neural measurements, such as electroencephalography (EEG). This potentially misses real-time
neural-social dynamics between caregiver and infant that could be sensitive for the prediction of
emerging neurocognitive capacities. At the same time, although psychological tools exist to measure
older children’s cognitive capacities — including executive function (EF) skills and precursors such as
attention, working memory, cognitive flexibility and inhibitory control — most of these tests cannot be
used in the first year of life to measure nascent infant abilities. Therefore, a needs gap currently exists in
the (1) precision measurement of caregiver-infant social and neural dynamics, (2) early measurement of
infant EF skills, and (3) their relationship. The lack of such measurement tools also means that we
currently miss early warning signs of suboptimal psychosocial development, along with valuable
opportunities for prophylactic intervention, before a child’s first birthday.

To address this gap, here we will describe Dyadic Sociometrics —a methodological approach utilising
multimodal sensor technologies (to collect dyadic measures of brain activity, heartrate, gaze, speech,
emotion and pose from parent and child) and machine learning algorithms (for automatic labelling and
predictive modelling). Collectively, these technologies permit multimodal precision assessment of adult-
infant social interactive behaviour during performance of cognitive tasks by infants. In a cohort of N=58
Singapore infants (mean age = 512.28, SD=162.02), we find that dyadic sociometric measures are able to
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predict precursors of developing executive function with up to 86.7% accuracy using a combination of
indices from audio, emotion and neural domains, whilst 83.7% prediction accuracy can be obtained with
audio indices alone. These predictive tools pave the way for early risk identification and mitigation,
paired with precision therapeutics, could fundamentally alter a child’s development trajectory toward
lifelong mental wellbeing and productivity.

Abstract 2: Mother—infant one-on-one social interactions at 3 months are associated with infants’
productive language development in the third year of life

Previous studies underscore the importance of early social interactions for child language development,
specifically interactions that are characterized by maternal sensitivity to the infant as well as infant-
directed speech (IDS) and conversational turn-taking (CT) in one-on-one context. Although infants are
engaged in face-to-face interactions with their caregiver including conversation-like exchanges from the
third month after birth, there is little data on the potential link between speech input and maternal
sensitivity prior to 6 months of age and later language development. We hypothesize that early social
interactions, before the classic “sensitive period” characterized by sensitivity, IDS and CTs, are
associated with language development.

Using a sample of 40 3-month-olds, we assessed maternal sensitivity, using mother—infant one-on-one
(1:1) interaction in the lab for later offline behavioral coding using a well-validated scoring system
(Coding Interactive Behavior, CIB). The language input variables were assessed at home using digital
first-person perspective recordings of the infants’ auditory environment (Language ENvironment
Analysis system, LENA) as they went about their daily lives. Language outcome measures were assessed
when participants reached the age of 18 months and continued to 30 months of age using the
MacArthur-Bates Communicative Development Inventory (CDI).

We found that maternal sensitivity, CTs and IDS during mother—infant 1:1 interaction at 3 months of age
are significantly correlated with later language development scores. We hypothesize that one
mechanism by which infant-caregiver interactions during this early period support language
development is increased infants’ attention to speech. In infants, attention and orienting responses are
associated with heart rate deceleration. In a subsample of 31 3-month-olds we also measured ECG
during an additional mother—infant 1:1 interaction. We found that higher maternal IDS and CTs in the
home environment are associated with lower infants’ heart rate measured during mother-infant
interaction at the lab. Interestingly, we found that infants’ heart rate at 3 months of age is correlated
with later language development scores, such that lower heart rates are associated with higher
language development scores.

These findings support the hypothesis that infants’ social attention to speech during this early period
may play a role in advancing language development. In addition to behavioral and physiological
measures during mother-infant one-on-one interaction, future research should investigate brain-to-
brain synchrony and infant neural responses at 3 months of age during mother-infant interaction. It will
be theoretically informative to examine whether neural synchrony at 3 months of age is associated with
speech input and later language development.

Abstract 3: The microbiome-gut-brain axis in human infants and their mothers related to the
development of emotion regulation
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The human gut microbiota reaches an important stage of maturation by 3-5 years of age and is strongly
influenced by various environmental factors, including family members. In recent years, based on the
microbiota-gut-brain axis perspective, the gut microbiota has been shown to be not only associated with
physical disease, but also with mental disorders (e.g. depression). Additionally, the gut microbiota
influences vagal activity, which affects self-regulation mediated by the prefrontal-limbic system.
Meanwhile, human infants develop their autonomic nervous systems (ANS) through caregivers’
regulation (e.g. the regulation of temperature, heart rate, sleep, arousal, etc.) in their daily interactions.
Thus, it is important to examine the relationship between the human gut microbiota, the ANS and
cognitive-behavioural development in both mothers and infants.

For this purpose, the present study analysed 49 mother-infant pairs (infant age: 35.84 months, SD =
4.13; mother age: 41.08 years, SD = 3.18). Specifically, the mothers were asked to provide faecal
samples, offer three days of continuous electrocardiography (using a Holter monitor (Heartenote®)) and
complete questionnaires at their home. From the faecal samples, we evaluated the alpha and beta
diversity of the gut microbiota and the composition of the predominant microbiota by 16S rRNA
analysis. Regarding the ANS, we examined cardiac sympathetic indices (CSI) and cardiac vagal indices
(CVI1) through an electrocardiogram and questionnaires. Moreover, we assessed the social and
emotional behavioural development of the infants (e.g. emotion regulation, positive/negative emotional
expression, etc.) as well as the parenting stress of the mothers through questionnaires.

Based on the findings, the alpha diversity of the gut microbiota is significantly related among the
mother-infant pairs (r = 0.54, p < 0.001). As for the infants’ microbiome diversity (Shannon a), it is
related to their CVI (r = 0.42, p = 0.003) and CSI (r = -0.44, p = 0.001). Meanwhile, their CVI is related to
socio-emotional reactivity, especially negative emotion expression (r = —0.31, p = 0.028) and positive
emotion expression during play (r = 0.32, p = 0.024). Regarding the effect of parental stress, the infants
of high-stressed mothers showed higher risk in the development of executive functions, including
emotion regulation as well as higher expression of negative emotions and stress responses than those of
low-stressed mothers. Furthermore, the infants of high-stressed mothers showed lower CVI and
significant differences in some gut microbiota such as Colidextribacter and Blautia, (all ps < 0.05).

Overall, the findings indicate that the microbiota-gut-brain axis is apparent by at least 3 years of age and
is related to children’s emotional-cognitive development. Meanwhile, maternal stress has a significant
impact on the child, not only on social cognitive development, but also on the development of the ANS
and gut microbiota, which provide the neurophysiological basis for social cognitive development.
Further research is necessary to identify the associated factors, including physical symptoms, diet and
lifestyle. This study provides insights into developing methodologies of helping mothers and their
children maintain good mental and physical development by considering individual differences in gut
microbiota and improving their daily lifestyle.

Abstract 4: Framework for Behavioural Synchronicity Measurements in Parent-Infant Dyads in
Naturalistic and Experimental Settings Using Motion Capture

Recent developments have allowed the measurement of neural and physiological synchronicity between
parents and infants across different layers— brain, heartbeat, endocrine hormones, microbiota, etc.
However, due to the inherent difficulties of human motion capture (esp. in infants), inherent variability
between dyads, and the richness of positional data (4D data), measurements of behavioural
synchronicity are still lagging behind, relying on subjective ratings or simple measurements of motion.
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Here, we propose a methodological framework to quantitatively measure parent-infant interbody
behavioural synchronicity across different motion-based metrics, using marker-less motion capture
technologies. We also applied this framework to both naturalistic and experimental settings.

Using an array of three RGB + Depth cameras, we recorded mother — infant (6 — 8 months) dyadic
interactions in naturalistic and experimental settings. The naturalistic setting was music appreciation
experience and the experimental one was the still-face paradigm. From the video data, we extracted 4D
([X, Y, Z] plus time) positional data of different body points (joints), as well as a rich set of facial points,
from the captured bodies the participants.

Using the extracted joint data, we were able to calculate accurate 3D-world-coordinate joint positions
for both the mother and the infant with a high degree of success. From these coordinates, we calculated
position derivatives (i.e., speed, acceleration, jerk) to obtain meaningful correlation measurements
between mother and infant (e.g., kinetic energy correlation). Further, we also calculated more complex
measurements of synchronicity (e.g., wavelet coherence), as those used with EEG signals. Finally, using
the movements of the participants, we could define specific events (e.g., “mother approaches infant”, or
“infant looks directly at mother”) to perform event-based analysis to address the issue with the
variability in movements across dyads.

Here, we present a relatively inexpensive motion capture setup and the associated methodological
framework for processing and analysing the motion data. Although behavioural data have been widely
used to measure parent-infant dynamics, in-depth quantitative analyses have been lacking until
recently. The proposed framework provides a wealth of quantitative data, making it possible to build on
previous findings based on lengthy subjective coding, both in terms of validity and the ability to scale up
the number of recordings. The measures proposed here mirror those used in other modalities (e.g. EEG)
to measure dyadic synchrony, provide both a quantitative and meaningful representation of behaviour,
and could extend the field of parent-infant dynamics in new directions.

S.20 Predictive processing in early development
Nicole Wetzel !, Moritz Koster 2, Lorijn Zaadnoordijk 3, Lauren Emberson *

! Leibniz Institute for Neurobiology, 2 Universitit Regensburg, 3 Trinity College Dublin, # University of
British Columbia

Summary

The idea that the brain generates predictions to efficiently perceive and navigate the world is one of the
prevailing models of brain function. While current theories deem predictive processing as drivers of
cognitive development, there are important open theoretical questions and a lack of knowledge about
predictive processes in early development. This symposium synthezises some of the latest theoretical
and empirical advances. First, predictive processing is introduced and current limitations from a
developmental perspective are highlighted. Two crucial adaptations to the predictive processing
framework are proposed, the definition of a starting point and a conceptual toolkit that allows the
investigation of new causal links within the model. Second, implications of the predictive processing
account for cultural learning and social norms are being discussed, including empirical works that
demonstrate a crucial role of predictive processes in socio-cognitive development in the first postnatal
year. Third, the role of predictions and top-down modulation in perceptual development is introduced.
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Computational learning models are used to show how infants' prefrontal cortex tracks complex patterns
in the environment and how it interacts with sensory systems. Finally, a common problem in infancy
research is addressed, namely the confounding of prediction error with the presentation of unexpected
input, by testing prediction errors to the omission of expected input. These approaches are proposed to
allow brain responses to be explained by prediction alone. Taken together, this symposium will provide
a multifaceted and state-of the-art overview on how the predictive processing framework may advance
our conception and study on early development.

Abstract 1: Beyond the Adult Mind: A Developmental Framework for Predictive Processing in Infancy

Predictive Processing has been proposed as the single unifying computation underlying all of cognition,
and proponents argue that all psychological phenomena can be explained as consequences of this
mechanism. The mechanism consists of maintaining mental models of the world, which are built
through the comparison between incoming sensory input and the expected input based on previous
experience. This process of comparison is done in service of a single proposed goal: reducing uncertainty
about the world by updating expectations and building ever more accurate predictions of future input.
Predictive Processing has inspired many cognitive scientists and neuroscientists, but it currently has no
developmental mechanism that would explain how infants begin to build such mental models.
Specifically, Predictive Processing only allows for perception of incoming stimuli given the existence of
expectations based on previous experiences, and only allows for incremental updating of expectations
without the possibility of creating new categories or causal links within the models. As such, it does not
allow for an infant to ever make a first observation, unless the mental model is already pre-specified
with all possible categories and causal links already in place. This is a fundamental limitation of the
theory, as it claims that these mental models are necessary for perceiving and learning about the world.
Therefore, in its current form, Predictive Processing treats human cognition as if it exists in a fully-
developed adult with a history of observations and world knowledge. In this talk, we will first describe
the key elements of the Predictive Processing framework as an introduction for those unfamiliar with
the terminology. We then propose two crucial adjustments to the original framework to begin to build a
developmental Predictive Processing. We first define a possible starting point from which the infant can
begin to develop predictive models, and then describe a toolkit necessary to allow the infant to perform
the range of cognitive operations on predictive models necessary for learning. The starting point we
propose is a set of mental models without hierarchical organisation, and with some basic expectations
about the possible sensory input, for example, an early bias to the top half of the visual field and to
motion. The toolkit we propose contains a range of operations referred to collectively as structure
learning, which are applied to allow for processes like forming new categories and adding new causal
links within the model, amongst others. This toolkit is necessary for all learners, but most conspicuously
in the case of infants starting to perceive and learn about the world with very few existing expectations,
categories, and causal links. We explain how the early models from our starting point could be used
along with the toolkit we propose in order to scaffold the construction of adult-like models. These
modifications are necessary for developmental scientists to be able to adopt the Predictive Processing
framework and benefit from its advantages, but also for Predictive Processing to be able to explain all
human cognition, which inherently must include development.

Abstract 2: Reducing entropy in the social world: A predictive processing perspective on early cultural
learning and normativity
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For any living organism, forming predictive models to reduce uncertainty (i.e., entropy) in the
environment, is core to successful navigation and survival. How does the predictive processing framework
inform our understanding of human early development, being able to adapt to and survive in the most
versatile habitats on the planet? Human flexible adaptation relies on the acquisition of culture and social
norms, rather than on genetically determined cognitive and behavioral repertoires alone. | argue that
culture and norms have (co-)evolved with human capacities for flexible adaptation, to reduce the entropy
in complex ecologies and social environments. That is, from a predictive processing perspective culture
and norms may function as predictive models, socially transmitted behavioral structures that reduce
uncertainties in diverse and complex human lifeworlds, and thereby enable human flexible and efficient
adaptation. Based on this perspective, cultural learning and normativity should emerge early in ontogeny,
allowing developing humans to make sense of their social world and meet the complex affordances of
their specific environment. This proposal is corroborated by findings form developmental psychology,
suggesting that cultural learning and an implicit normativity develop early in life (throughout the first year)
and promote successful adaptation. Here | will elaborate on two of these findings from our lab. First, we
showed that already 11-month old infants associated the conform behaviors of others with social
approval, but non-conform behaviors with social disapproval, as indicated by their pupillary surprise
response to inconsistent social responses (Figure 1). Such an early and implicit understanding of social
norms may be essential for developing infants to make sense of the social world. Second, in a sample from
southwestern Uganda, with high levels of maternal adverse experience, we found that unpredictable
maternal behavior was related to maladaptive pattern of emotional reactivity (Figure 2). This supports the
idea that a predictable social environment is essential for infants early social development. In sum, | will
suggest that predictive processes are at the essence of what makes us humans cultural and normative
beings and drive human socio-cognitive development from early in life, to reduce entropy in complex
human lifeworlds.

Abstract 3: The Role of Prediction and Top-Down Modulation in Perceptual Development: Neural and
Behavioral Evidence

Perceptual development has largely been considered as either a bottom-up, experience-driven process or
one where maturational constraints, such as biologically-determined critical periods, determine the
pathways of perceptual development. This talk will consider whether infants are able to change their
perception based on predictions that engage top-down mechanisms and whether this mechanism could
add another route by which experience can shape perceptual development. First, a series of studies has
investigated the perceptual impacts of prediction using behavioural measures. Xiao and Emberson (2023)
report that an auditory cue can result in changes in motion perception at 6-7 months of age. This study
shows that newly learned audiovisual associations can be used by infants to shift their perception flexibly
and rapidly in just a few minutes of exposure. Xiao and Emberson (2019) developed a new method to
determine perception of emotional faces on single trials using eye-tracking and found that infants at 10
months showed better perception of emotional faces when they were preceded with an emotional vocal
sound (e.g., crying before a sad face). In both of these studies, the ability to predict upcoming sensory
input allows an infant to improve their perception. This improvement is present even when the
predictions are based on stimuli from another perceptual modality (e.g., auditory cues predicting visual
stimuli) and when the contingencies are learned in just a few minutes of exposure and when infants are
as young as 6 months of age. Overall, these studies suggest that infants are able to use predictions to
change their perception very early in life. The talk will then go on to examine how predictions are related
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to a well-established phenomenon in perceptual development: the other-race effect. Using a different
face perception paradigm (temporal processing of faces), Xiao et al. (under review) investigated the
impact of prediction on face perception of own (white) and other-race (East Asian) faces in infants raised
in a mono-racial white community in North America. While the required learning for the task was identical
across own and other-race faces, infants were only able to use prediction to augment their perception of
own-race faces with no effect of prediction on other-race faces. This finding suggests that prediction and
top-down modulation vary along with other aspect of experience and may exhibit specialization that can
shift perceptual capacities along with other aspects of perceptual development. Finally, the talk will
present key neural findings linking prediction to activity in the frontal cortex. Jaffe-Dax et al (2020) used
the parameters from a well-established computational learning model (Rescorla-Wagner model) to
regress against neural activity in prefrontal, visual/occipital and auditory/temporal regions. This analysis
reveals that the infant prefrontal cortex is tracking complex patterns in the environment such as
prediction error, consistent with previous studies. However, the analysis also reveals that this complex
information tracked in the prefrontal cortex is communicated back to the visual system in young infants
in contexts where infants can learn and predict. Overall, these findings suggest that top-down processes
are a potentially powerful method by which experience can shape perceptual development and where
higher-level cognitive systems can influence the development of lower-level ones.

Abstract 4: Prediction error and attention in the developing brain

Prediction has been proposed as a fundamental principle of perception. Generative models reflecting our
knowledge and expectations about the environment in higher-level cortical areas are thought to send
predictions down to lower sensory levels in a hierarchically organized system. On the sensory level
predictions and sensory input are compared. If there is a mismatch, the prediction error is propagated up
the hierarchy to update the models. Generative models are postulated to be established through learning
and experience, so predictions and prediction error play a central role in early development. However, we
still know relatively little about how the underlying mechanisms develop at the brain level. Violation of
expectation (or prediction error) can trigger attention and surprise as described in recent models of
involuntary attention. The interaction between prediction error and attention and surprise appears to be
a key factor in learning processes. We used pupillometry to investigate the allocation of attention and
surprise to motivationally relevant and personally significant unexpected events in 14- to 36-month-olds.
Results show that both unexpected emotional sounds and personally significant sounds evoke a stronger
attention and surprise response than unexpected emotionally neutral or personally non-significant
sounds. Similar to these studies, the presentation of an unexpected stimulus or action instead of an
expected stimulus or action has frequently been used in infancy research. However, these paradigms
confound prediction error to presentation of unexpected input with prediction error to omission of
expected input. To minimize this confounding influence of bottom-up inputs, input can be omitted to
isolate the prediction error to omission of expected input. This allows the analysis of brain responses that
can only be explained by prediction. To reliably study sensory omission responses in the brain, the
omission must be temporally linked to an event, such as an auditory event to a visual event, or to an
action. Recent concepts propose that sensory and motor information are integrated in a common
prediction system. Because of the importance of actions and action consequences in development, we
have used action-effect coupling to study prediction processes. An action that is reliably coupled to a
sensory consequence carries sensory predictions down to the level of sensory cortices. We coupled an
action to auditory stimuli to investigate the specificity of sensory predictions in early childhood. Early
specific and unspecific omission responses in the EEG, generated in the auditory cortex, presumably
directly reflect prediction error. Results indicate a matured flexible generation of specific, higher-weighted
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predictions and unspecific, lower-weighted predictions. This is remarkable because brain responses to
auditory stimuli, that are generated in the auditory cortex, are not matured until late childhood. This
approach also demonstrates that brain omission responses are a useful strategy to directly study the
development of prediction. In sum, the presented studies at the intersection of perception, action, and
attention illustrate the flexibility and relative early maturity of prediction mechanisms in the developing
brain. Omission paradigms address an important theoretical perspective and can be a promising approach
for developmental research.

S.21 Differing Perspectives of Group-Related Sensitivity
Linda Harrison !, Belinda Friezer 2, Wilfried Datler 3, Katharina Ereky-Stevens *, Robyn Dolby °

1 Macquarie University, 2 Charles Sturt University, 3 University of Vienna, # University of Oxford, > Secure
Beginnings

Summary

Group-related sensitivity, (Ahnert et al., 2006) is more strongly associated with attachment security in
child care settings, than one-on-one positive caregiving. The symposium authors explore differing
perspectives of group-related sensitivity and show how this influences infants’ development and
experiences of closeness. Paper 1 reports on two Viennese studies: (1) mixed-method, and (2)
qualitative, of children’s transition to childcare. They show caregivers' group-related sensitivity
predicting all toddlers' attachment security. Paper 2 describes an Australian intervention for managing
childcare morning transitions. Educators’ group-related sensitivity kept the group members close and
able to observe each other’s relationships.Paper 3 presents an Australian childcare longitudinal study.
Video-recordings of infant interactions in peer groups, and educators’ perceptions of them, identified
infants’ developing capacity for a group-related sensitivity.

Details

Abstract 1 Title: Young children's experiences of interactions in group contexts during the transition to
centre-based childcare. The role of one-to-one involvement with adult caregivers versus observed
interactions of adults and other children in the the group

Introduction: Research on early child development rarely builds on models of relationships that take
account of children's complex networks of relationships with adults and peers in groups. Building on
attachment theory, the expectation would be that as young children settle into childcare, their direct
involvement with adult caregivers who respond sensitively to their signals would determine their
developing attachment relationships. Yet, it has been found across several studies, that what caregivers
do with all children in group care is more predicative for young children's developing secure-base
expectations.

Aim: Building on our research findings on the importance of group dynamics (Ereky-Stevens et al.,
2018), we present observation materials to exemplify how, by observing interactions of others in group
settings, young children adapt their behaviour, develop their relationships, and take forward their
learning. We discuss implications such findings can have for the practice and training of educators in
early years settings.
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Study Population: This presentation builds on information collected as part of two studies on children's
transition to group childcare: (1) a mixed-method study that investigated relationship building between
104 toddlers (aged 10-33 months) and their new caregivers in 71 Viennese childcare centres, and carried
out in-depth observations with 12 children, (2) an in-depth qualitative study that focussed on the impact
of rules and rituals on transition processes of four 3-4-year-old children.

Methods: (1) Data for 104 children was collected across three time points within toddler's first four
months in childcare. This included attachment security (Attachment Q sort; Waters, 1995), video-
recorded observations of toddlers' interactions with caregivers (coded with a focus on dyadic
sensitivity), and live observations of group-related caregiver sensitivity (captured through the Caregiver
Interaction Scale; Arnett, 1989). (2) 12 of the 104 toddlers were also weekly observed, using the
psychoanalytic Tavistock Observation Method, (3) which was also used in the study about the impact of
rules and rituals on transition processes, with added interviews with caregivers and parents.

Results: The findings of the Vienna study "Toddlers' transition from home to out-of-home care" show
that dyadic sensitivity does not predict toddlers' attachment security. Caregivers' sensitivity in
interactions with all children, however, predict toddlers' attachment security. Combining these findings
with the analysis of the observations draws attention to the fact that children perceive the sensitivity of
caregivers' interactions not only with the children themselves, but also with other children. This has an
impact on the development of the inner working models, which are decisive for the children's
attachment behaviour.

These considerations suggest that, in relation to the development of secure attachment, a greater
distinction should be made between the significance of the quality of dyadic interactions between
caregivers and the target child; interactions between caregivers and groups to which the target child
belongs; and interactions between caregivers and other children observed by the target child.

Abstract 2 Title: Educators' group-related sensitivity builds close relationships during morning
goodbye transitions in centre-based child care settings

Introduction: The morning goodbye transition has generally been understood in terms of dyadic
relationships, i.e., parent-infant, educator-parent, or infant-educator. However, this transition typically
involves three or more participants; the educator, infant, parent and onlookers. Research into
professional development programmes that supports educators to attend to the needs of individual
infants, whilst also managing the group during the morning goodbye is needed. It will help to
understand how educators' developing capacity for group-related sensitivity can build close
relationships during times of stress and distress.

Aim: This research examines how the professional development programme, Baby Playspace Learning
(BPL), was associated with more triangular interactions (measures of closeness) in the Negotiated
Goodbye.

Study Population: Participants were 20 families and their infants aged between 8 and 18-months who

were enrolled in an Australian Long Day Care centre. Of the 20 infants, nine were girls. Participants also
included five educators who worked in the infants' room of the centre.
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Methods: In a pre-post design, video recordings of 20 morning goodbye transitions (10 pre and 10 post)
were collected across a 12-month period. Infants, their parents and educators were filmed when the
infant and parent entered the room and ended when the parent left. A reliable observational coding
system was developed to code the video recordings of the morning goodbye transitions. Video
recordings were analysed for developing closeness, by measuring the frequency of triangular
interactions.

Results: Post-test educators engaged in significantly more triangular interactions, keeping the 'team of
three' physically and emotionally close. Infants observed their parent and educator in relationship as
they engaged in a 'negotiation goodbye ceremony'. Educators created more openings for parent and
infant to come together in a mutual meeting or expression of affection, so that the goodbye was not left
out and the educator was able to observe the closeness between them. After the infant and parent
separated, the educator maintained this closeness by asking the parent to wave at the door, turning the
infant toward their parent and reassuring them within their parent's hearing that their parent was
thinking of them. In this instance, the parent was able to observe the closeness between the educator
and infant. Post-test, onlooking infants were significantly more likely to watch/and or listen to the
goodbyes of their peers. This moment of connection helped them understand their own and others'
experience and see that adults could manage such difficult moments.

To conclude, BPL was effective in supporting educators to stay in close to infants, families and infant
peers during the morning goodbye transition. Post implementation of BPL, educators developed a
capacity for group-related sensitivity where they could attend to the needs of an individual infant while
also managing the group by creating opportunities for each of them to witness the developing closeness
in relationships during this potential time of distress. Educators became part of a group based on shared
experiences rather than just managing competing individual demands.

Abstract 3 Title: Infants' sociality and developing capacity for group-related sensitivity amongst peers
in centre-based child care.

Introduction: In centre-based child care, many similar aged infant peers are in the company of each
other for long periods of time. Yet, little is known about infants' sociality within their peer groups, and
their developing capacity for a group-related sensitivity. We define infant group-related sensitivity as a
developing awareness of: (1) the relationships between their peers, and (2) their capacity to influence
the relationships between their peers.

Aim: This research brings together key concepts of infant social development, dynamic systems theory,
and educators' perceptions in a mixed-methods design to identify the social developmental pathway of
infant' group-related sensitivity and the motivation that underlie this pathway.

Study Population: Participants were 45 infants from two Australian child care centres who were
observed across the first two years of life. Of the 45 infants, 20 were focus infants aged between 3 to
21-months (9 female; 12 male). Participants also included four educators who worked with and knew
the infants well.

Methods: Micro-analytic and psychoanalytic observation research methods were applied. The 20 focus

infants were filmed as the third infant in a triad (defined as a third infant and an interacting infant-peer
dyad) every 2- to 3-months across a 12-month period. A reliable observational coding system was
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developed to identify interactions in triads and code infant behaviours and behavioural sequences with
their peers. A data set of 564 episodes was generated, coded and analysed using quantitative methods.
In addition, each infant's educators were interviewed while viewing video extracts of infant triads,

generating 18 interviews that were transcribed and analysed using structural and thematic approaches.

Results: Analyses of coded videos showed that infants demonstrated a broad pattern of relating with
peers that involved watching, approaching and engaging their interacting peers. Results indicate that
the behaviours occurring within this broad pattern of relating are not yet set. According to dynamic
systems theory, this findings suggest that infants are in a state of instability as they learn how to engage
with members of a group. In terms of infant social development, infants engaging in this repeated
pattern of relating are developing group-related sensitivity in peer groups. in this form of group-related
sensitivity infants are developing: (1) a sensitivity to the interactions between their peers, and (2) an
awareness of their capacity to influence the behaviour of their interacting peers.

Insights from educator interviews identified third infants' motivation for engaging with peer groups as:
being curious and interested in their peers, working out the interactions between the dyad and seeking
belonging and togetherness.

To conclude, infant-peer groups are dynamic linking systems consisting of specific moment-to-moment
group processes that: (1) develop infants' capacity for group-related sensitivity; (2) form the basis for
longer term social developmental change in infants, and (3) serve to meet infants' underlying desire for
belonging in groups.

S.22 Complementary approaches to investigate genetic contributions to infant
psychologically-relevant traits

Anna Gui !, Angelica Ronald 2, Aislinn Bowler 3, Anja Hollowell 3, Ana Maria Portugal *

! University of Essex, 2 School of Psychology, University of Surrey, Stag Hill, University Campus, Guildford
GU2 7XH, United, 3 Birkbeck, University of London, 4 Uppsala University

Summary

Despite twin research indicating heritability of early milestones, skills and behaviours, minimal gene
discovery work has been conducted at scale. Here we showcase new results obtained using
complementary methods, that together reveal the role of genetic influences on infant traits.

The first talk exploits the classic twin design to reveal the relative contribution of genetic, shared
environmental, and nonshared environmental factors in infant visual attention. The second talk explores
the longitudinal genetic architecture of infant temperament. The third talk employs polygenic scores to
test for associations between preschool fine motor skills and neurodevelopmental and psychiatric
conditions. The fourth talk demonstrates that individual differences in age at onset of walking are
influenced by common genetic variants involved in infant brain development.

The discussant will consider how these new genetic results can be applied widely in developmental
psychology research.

Details
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Abstract 1 Fixation durations during abstract versus naturalistic scene viewing have dissociable
genetic influences at 5-months.

Visual attention is a key factor in infants’ interaction with their surrounding world. Attention selection of
inputs for learning can be triggered by bottom-up low-level perceptual saliency (e.g. movement, color)
and top-down high-level relevant content (e.g. task-relevant information, social preferences, and
familiarity). The dichotomy between bottom-up and top-down stimulus selection is fundamental to
attention research. In the first months of life, eye movements are thought to be predominantly triggered
in a bottom-up way; and top-down control seems limited. Around 3 to 6 months, top-down control is
thought to gradually explain more of infants’ viewing behaviour. Yet, the development and interplay of
these processes remains largely unknown.

Here, we report on the genetic and environmental influences on spontaneous eye movement patterns
during free viewing of naturalistic scenes, and the extent to which eye movements reflecting bottom-up
or top-down processes are under the same or dissociable etiological influences.

We analysed the duration of fixations from 536 dizygotic and monozygotic 5-month-old twins, part of
the BabyTwins Study Sweden (Falck-Ytter et al., 2021), in two experimental viewing conditions (Urabain
et al., 2017). In one we showed naturalistic scenes of dynamic social meaningful stimuli (three people
playing with objects), where top-down factors are important determinants of gaze allocation; in the
other condition, we showed abstract scenes, which were digitally scrambled versions of the naturalistic
condition, thus identical in terms of low-level features but lacking semantic meaning, and where gaze is
predominantly under influence of bottom-up factors. Six videos were presented for about 20 seconds
each and gaze was recorded with a Tobii TX300 eye-tracker. The R package Gazepath (Renswoude et al.,
2018) was used for fixation estimation. We expected to find significant genetic influences to eye
movements, and predicted that genetic factors, although would be partly shared between the two
conditions, would also uniquely explain the variability in the naturalistic scenes (see preregistered
analysis plan: https://doi.org/10.17605/0SF.10/5Q27B).

Mean fixation duration in naturalistic (Mean = 553, SD = 116, n = 521) were shorter than in abstract
scenes (Mean = 603, SD = 150, n = 520); p <.001). We observed significant genetic influences in both
conditions (heritability in naturalistic condition = .30, 95% Cl [.14, .44]; heritability in abstract = .25, 95%
Cl [.09, .39]). We did not find evidence for significant shared environmental influences, which is in line
with other twin studies of gaze metrics. We found that most of the variation in fixation durations was
explained by non-shared environment, which could be accounted by measurement error, but also
idiosyncratic factors within individuals and stimuli.

Importantly, we showed that some genetic influences were shared between the two conditions, but as
hypothesised, unique genetic factors were linked to naturalistic scene viewing only. This means that
dissociable genetic factors explained eye movement control during observation of naturalistic
meaningful scenes versus abstract non-meaningful stimuli with identical low-level properties, suggesting
that top-down and bottom-up processing, which are thought to differ in terms of function,
development, and brain basis, are under control of dissociable genetic factors at 5 months.

Abstract 2 Genome-wide association studies of infant temperament
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We will present work from the Genetics of Early Milestones and Skills (GEMS) project, which aims to
investigate the common genetic architecture of psychologically relevant phenotypes in infancy using
Genome-wide Association studies (GWAS). Specifically, results from investigations of the genetic
architecture of infant temperament will be discussed. A recent meta-analysis of twin studies reported
significant pooled heritability of these traits; the present research builds on this knowledge by
identifying specific common genetic variants associated with these complex traits.

We employed the Buss & Plomin (1977) ‘EAS’ model to study infant temperament, focussing on their
constructs of Emotionality, Activity, Shyness and Sociability at ages 2 and 3 years. We also studied infant
fussiness in the first year of life.

We hypothesised that infant temperament traits between 0-36 months will show significant Single
Nucleotide Polymorphism (SNP) heritability (h%np) and that common genetic variants will be significantly
associated with individual differences in infant temperament traits.

The GEMS project employed data from community samples and population-based cohorts with
genotype data for infants assessed between 0-36 months. The largest of these cohorts was the
Norwegian Mother, Father and Child cohort study (MoBa, N~55,000). Other samples included bring the
total meta-GWAS sample size to 72-83,000 depending on the phenotype.

GCTA fastGWA was used for the association analysis, using a genetic relatedness matrix to account for
relatedness within each sample. Covariates included age at data collection/year of birth, sex and 10
ancestry principal components, as well as any relevant technical variables (e.g. genotyping batch). A
genome-wide significance threshold of p=5x10% was used to correct for multiple testing.

Temperament was measured using parent-report questionnaires. Different studies measured
temperament at different ages; as such, the meta-analysis data were conducted in age ‘bins’ for year 1
(6-12 months), year 2 (13-27 months) and year 3 (28-40 months). In the largest sample, MoBa,
Emotionality, Activity, Shyness and Sociability were measured at ages 2 and 3 using the EAS
temperament questionnaire, and Fussiness was measured at age 1 using the Infant Characteristics
Questionnaire (1CQ-6) fussy/difficult subscale. In other cohorts, if different temperament measures were
employed, where possible a comparable subscale or matched items were used. GWAS results from
individual samples were then meta-analysed.

From analyses to date in MoBa (the largest sample), infant temperament traits from the EAS model
showed significant but modest h%ye estimates above 1%. Infant fussiness in the first year of life showed
higher SNP heritability of 10.2% (SE=0.92). Manhattan plots and genome-wide significance thresholds
have been interrogated, and significant loci identified. Analyses are ongoing for some of the smaller
individual studies; complete results of the meta-GWAS will be described in the talk.

We see convincing evidence for modest but significant role of common genetic variation on infant
temperament traits from ages 0-36 months after birth. Future research will include exploring genetic
associations between infant temperament and later outcomes, and assessing how genes interact with
early environments longitudinally across the infancy life stage.

Abstract 3 Phenotypic and genetic associations between preschool fine motor skills and later
neurodevelopment, psychopathology, and educational achievement
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Fine motor skills are heritable and comprise important milestones during the preschool years. However,
it is unclear if there are genetic or phenotypic associations between early fine motor skills and later
neurodevelopmental, psychiatric, and educational outcomes.

In a pre-registered study of 9625 preschool children from the Twins Early Development Study, fine
motor assessments (drawing, block building, folding, and questionnaires) were conducted at 2-, 3-, or 4-
years as part of a cognitive assessment delivered by parents. A cross-age fine motor score was derived
using principal component analysis. Multivariate regression was conducted between the fine motor
score and neurodevelopmental traits, psychopathology, and educational outcomes at three later ages
(7/8-, 12-, 16-years) and cross-age psychopathology composite scores.

We hypothesised that there would be negative associations between fine motor skills and later
neurodevelopmental and psychiatric traits, and positive associations between fine motor skills and later
educational achievement at age 16 years. Next, polygenic scores (PGS) were created for
neurodevelopmental, psychiatric, and educational outcomes (namely, ADHD, autism, anxiety, major
depressive disorder, obsessive-compulsive disorder, schizophrenia, and years in education). We ran
single-PGS models with permutation-corrected p-values and a multi-PGS model with elastic-net
regularised regression to account for multicollinearity.

As predicted, fine motor skills were negatively associated with neurodevelopmental traits and
psychopathology across childhood and adolescence, including traits for ADHD, autism, anxiety and
depression, behavioural problems, and some specific psychotic experiences (See Figure 1). Also as
predicted, fine motor skills were positively associated with educational achievement in adolescence
(R=0.25, p<0.001). In the single PGS analysis, as hypothesised and consistent with the phenotypic
analysis, superior fine motor skills associated with a higher years in education PGS (R=0.07, p<0.001) and
a lower ADHD PGS (R=-0.04, p=0.011, See Figure 1). However, superior fine motor skills were associated
with a higher anxiety PGS (8= 0.03, p=0.040), which was not hypothesised. Similarly, the multi-PGS
model retained the PGSs for years in education (8=0.07), ADHD (R=-0.03), and anxiety (R=0.01). A non-
pre-registered analysis was conducted in an independent preschool sample (N=202) enriched for family
history of autism or ADHD (The British Autism Study of Infant Siblings and the Studying Autism and
ADHD in the Early Years) that had assessed the children on a standardised motor assessment (Mullen
Scales of Early Learning).

These analyses replicated the finding of higher ADHD PGS associated with lower fine motor abilities at
age 24-months. The associations of gross motor abilities with the years in education and anxiety PGS did
not replicate in this second independent sample. Fine motor skills in the early years appear to be linked
genetically and phenotypically to later neurodevelopment, psychopathology, and educational outcomes.
Further work should investigate the mechanisms underlying the role of fine motor development in later
outcomes.

Abstract 4 Genome-wide association meta-analysis of age at onset of walking

Onset of walking is a gross motor milestone which shows wide individual differences: it can be achieved
within a relatively wide developmental period, typically between 8 and 18 months old. Individual
variability in this trait has often been attributed to environmental factors by research, although there is
evidence that genetic factors also play a role. For example, a large twin study reported a twin heritability
of age at onset of walking of 84%. Further, the ADHD polygenic score was associated with it. However,
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no studies to date investigated the DNA variants contributing to individual differences in this motor
milestone.

We hypothesised that genetic variants associated with this trait are involved in biological pathways
influencing brain areas implicated in motor control.

A total of 70,560 infants (34,918 females) were included in this study from four European-ancestry
cohorts: Lifelines! (N=3,415), the Norwegian Mother, Father and Child Cohort Study? (MoBa, N=58,302),
National Study of Health and Development® (NSHD, N=2,592) and the Netherlands Twin Register* (NTR,
N=6,251).

We conducted a GWAS meta-analysis of age at onset of walking. The analyses were pre-registered
(osf.io/m2qv3). Age at first independent steps in months was obtained from retrospective parent report
when children were aged 18 months (MoBa), 2 years (NSHD and NTR) and 7-to-10 years (Lifelines).
Individuals whose age at onset of walking was below 6 months or above 36 months were excluded.
GCTA fastGWA and PLINK 1.9 were used for association analyses in all four cohorts. Summary statistics
were meta-analysed in METAL. Coloc.SuSiE was used to identify genetic variants associated with age at
onset of walking that influence gene expression in the brain. LD score regression was used to calculate
common variants-based heritability, bivariate genetic correlations and to test whether heritability was
enriched in specific cell types. A leave-one-out design was employed to test prediction of the age at
onset of walking polygenic score (PGS), calculated via PRS-cs. PGS was associated with regional brain
volumes in T2-weighted Magnetic Resonance Imaging data acquired at term equivalent age from the
independent Developing Human Connectome Project® cohort.

We identified multiple independent loci in the DNA that are associated with this milestone (Figure 1).
Follow-up investigations showed that one of these genetic variants was associated with decreased gene
expression in the human cortex. We found that 23.2% (SE=1.2%) of the individual differences in our key
phenotype were explained by common genetic variants. The variants associated with later onset of
walking were genetically correlated with lower likelihood of ADHD, lower BMI and higher intelligence,
educational attainment and adult brain folding and gyrification. The age at onset of walking PGS was
associated with regional neonatal brain volume in areas involved in motor skills across the lifespan
including the basal ganglia, thalami and cerebellum.

The results provided candidate causal genes for this heritable phenotype, and implicated genes
expressed in the cerebellum and cortex. Extending this investigation to a more diverse population would
be important to produce robust findings on the biology underlying the onset of walking.

S.23 Lactocrine Programming: Optimizing Infant Outcomes Through Understanding
Human Milk

Brittany Howell !, Rebecca Powell 2, Ellen Demerath 3 Nina Bruinhof , Hellen Lustermans*, Anna
Ziomkiewicz °, Martijn Finken ®

! Virginia Tech, % Icahn School of Medicine at Mount Sinai, 3 School of Public Health, University of
Minnesota, * Radboudumc, Donders Institute, ® Jagiellonian Univeristy, ® Emma Children’s Hospital,
Amsterdam
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Details

Abstract 1 Title: Milk Matters: Inter-individual variation in human milk composition predicts infant
growth and adiposity changes in the first 6 months

Background

Recent scoping reviews have highlighted the lack of large rigorously designed studies of the relationship
of human milk components to infant growth rate and metabolic status.

Objective

Our objective was to assess the association of individual variation in macronutrient, human milk
oligosaccharide (HMO), and metabolite concentrations in mature human milk with variation in term
infant growth and adiposity in the first six months of life.

Methods

Data and biospecimens are from the Mothers and Infants LinKed for Health Growth (MILk) Study, a
prospective United States observational cohort of 348 exclusively breastfeeding women and their
singleton, term, appropriate for gestational age infants. Maternal health and demographic information
was collected from medical records and via questionnaire. Infant weight and length z-scores were
calculated from data collected at 1, 3, and 6-month postpartum study visits. Infant body composition at
1 and 3 months was assessed using air displacement plethysmography (ADP) and at 6 months using dual
energy x-ray absorptiometry (DXA). A single full breast expression was obtained according to a
standardized protocol and was gently mixed, aliquoted, and stored at

-80°C. Milk macronutrient concentrations were assayed using the Miris Human Milk Analyzer, HMOs
were analyzed by HPLC after adding an internal standard and labeling with a fluorescent tag 2-
aminobzamide, and milk metabolite abundances were measured using untargeted liquid
chromatography-gas chromatography-mass spectrometry. Multiple regression models tested
associations of each set of milk component concentrations with infant growth and body composition.
Models were adjusted for covariates and potential confounders such as maternal age, income, and
education level and infant age and sex. All p-values were adjusted for false discovery rate (FDR) using
the Benjamini—Hochberg procedure (g<0.05 considered significant).

Results

Milk true protein concentration was positively associated with infant weight-for-length change from 1 to
6 months and inversely associated with infant adiposity at 1 month. Milk carbohydrate concentration
was inversely associated with infant length gain from 1 to 6 months and positively associated with infant
adiposity at 1 month. In regard to HMO concentration, higher levels of 6-sialylactose (6’-SL) was
associated with more rapid weight gain from 0-6 months (p=0.004), which was associated with faster
fat-free mass (p=0.002), but not fat mass gains. Out of 458 milk metabolites detected, there were 6
differentially regulated metabolites tied to fatty acid oxidation, brain and neurodevelopment, and
steroid synthesis that were associated with rapid infant weight gain (i.e. an increase >0.67 Z score from
1-6 months of age), including upregulated deoxyinosine, and downregulated suberic acid, pregnanolone
sulfate, pregnenolone sulfate, nonanedioate, and DHEA sulfate.

Conclusions

In this large U.S. research cohort of exclusively breastfeeding dyads, a variety of milk compositional
factors at 1 month predicted differential growth and body composition over the first 6 months of life.
Identifying milk predictors of infant growth trajectories will inform future precision approaches to
supporting positive infant developmental outcomes.

Abstract 2 Title: Breast Milk as a Potential Medium for Trauma Transmission from Mother to Infant
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Introduction. Maternal childhood traumatic events can affect the physical and psychological
development of offspring through mechanisms of intergenerational transmission that involve both
germline-dependent and independent pathways. Milk composition plays a vital role in mother-infant
communication about environmental challenges, and it can have a programming effect on infant
metabolism and behavior. Our recent research suggests that milk-derived microRNAs (miRNAs) carried
with lipid-associated factors may transmit information about maternal trauma and its effects through
generations.

Hypothesis. In this study, we investigated the impact of maternal childhood traumatic experiences on
milk fatty acid profiles, milk-derived miRNA expression, infant growth, and temperament development
in mother-infant dyads from a healthy general population of Southwestern Poland. We hypothesized
that mothers with high childhood trauma (HCT) will produce milk with altered composition of fatty acids
profile and different expression of selected miRNA when compared to mothers with low childhood
trauma (LCT). We also hypothesized that changes in milk composition of HCT and LCT mothers will
reflect in differences in physical and temperamental development of their infants.

Methods. We collected information about the number of childhood traumatic events from 104 mothers
of healthy, born-on-time, and exclusively breastfed infants using the Early Life Stress Questionnaire
(ELSQ). We collected milk samples at 5 months and took infant anthropometric measurements and
temperamental assessments at 5 and 12 months. We assayed the samples using gas chromatography to
assess the level of medium-chain (MCFA) and long-chain (LCFA) (unsaturated and saturated) fatty acids.
We also performed small RNA sequencing followed by g-PCR to assess the expression of milk-derived
miRNAs.

Results and conclusions. Our findings show that HCT mothers had a higher level of MCFA (F1,94=6.81,
p=0.01) and upregulated expression of 3 miRNAs (miR-142-5p, 142-3p, 223-3p) in their milk compared
to those with LCT. Furthermore, HCT was linked to higher infant weight (F1,94 = 8.06, p = 0.006; F1,89 =
7.17, p =0.009) and head circumference (F1,94=6.17, p=0.01; F1,89 = 5.06, p=0.027) at 5 and 12
months. Levels of MCFA and miRNAs that differed between LCT and HCT mothers were also associated
with infant temperamental traits of falling reactivity, activity, distress to limitations and soothability at
the same time points. Overall, our research sheds light on the potential role of milk composition and
milk-derived miRNAs in the intergenerational transmission of the effects of maternal childhood trauma.

Abstract 3 Title: Maternal stress and milk cortisol concentrations

Introduction. Human milk is a highly complex liquid food, with long-term health benefits for both
mother and infant. Growing evidence suggests that non-nutrient bioactive factors in human milk may
contribute to the (long-term) development of behavior and cognition, a process termed lactocrine
programming. Milk glucocorticoids have been of particular interest, as they have been associated with
infant outcomes such as temperament, cognition and social behavior. Previous research points at
reported maternal stress being one of the potential determinants of MC. However, other studies did not
find evidence for an association between reported maternal stress and MC. These conflicting findings
could be the result of methodologic heterogeneity between studies. For example, intervals between
assessment of maternal stress and MC differed between studies, ranging from a few hours to six weeks,
while both maternal stress and maternal cortisol secretion fluctuate over time. Therefore, we carried
out two studies to examine more direct links between maternal stress and MC concentrations. In Study
1 we investigated moment-to-moment associations of maternal reported stress and concentrations of
MC. In Study 2, we examined causal relations between a laboratory stressor and post-stressor
concentrations of MC.

Hypotheses. Study 1. We hypothesize that higher levels of reported stress are associated with higher MC
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concentrations, when they are assessed at the same moment. Study 2. We hypothesize that: 1) An acute
laboratory stressor will increase MC concentrations compared to MC concentrations of mothersin a
control group, 2) Postpartum mental health problems (PMHP) will moderate the effect of the acute
stressor, with mothers high in PMHP showing a stronger increase in MC concentrations post-stressor.
Method. Participants were mothers from a healthy, community sample. For Study 1, at six weeks
postpartum, mothers (n=110) collected three milk samples on one day (morning, afternoon and
evening) and simultaneously reported on their stress levels using visual analogue scales. For Study 2,
mothers (n=80) were invited for a lab visit around eight weeks postpartum. During the visit, mothers
were divided into two groups and either exposed to the Trier Social Stress Test or a control task. Around
twenty minutes post-stressor, mothers collected a milk sample to analyze cortisol concentrations. Prior
to the visit, PMHP (i.e. stress, depression and anxiety complaints) were measured using online self-
report surveys.

Results and conclusion. The data has all been collected and currently, analyses are being carried out.
Results will be presented at the conference. The results of this study will contribute to the knowledge on
potential influences of maternal stress, as a modifiable maternal factor, on MC concentrations. This
knowledge might aid the development of future interventions optimizing the lactation process.

Abstract 4 Title: Moment-to-Moment Associations Between Breast Milk Glucocorticoids and Infant
Crying and Sleep

Introduction. Breast milk composition has been found to fluctuate in relation to maternal and infant
factors. These changes in composition may affect infant development. For example, cortisol in mother
milk has been associated with infant negative affect. However, evidence supporting the role of breast
milk glucocorticoids (i.e., cortisol and cortisone) on infant behavior is inconsistent, potentially due to
methodological heterogeneity and daily fluctuations in both milk cortisol and infant behavior.
Furthermore, infant behavior might also affect breast milk glucocorticoids, however, this has not yet
been studied. To address these issues, the current preregistered study investigated bidirectional
associations between diurnal breast milk glucocorticoids and infant crying and sleep. We hypothesize
that 1) higher milk glucocorticoid concentrations will be related to more infant crying and less infant
sleep, and 2) more infant crying and less infant sleep will be related to higher milk glucocorticoid
concentrations.

Methods. At 6 weeks postpartum, healthy mothers (N=109) collected three breast milk samples: in the
morning, afternoon, and evening. During this same day, mothers kept a logbook on infant crying and
sleep. We calculated the duration of crying and sleeping in three time intervals: 1) the whole interval
between each breast milk sample, 2) the 1.5 hours after each breast milk sample, and 3) the 1.5 hours
before each breast milk sample. Next, we will perform cross-lagged panel modeling to assess the
bidirectional associations between breast milk glucocorticoids and infant crying and sleep. The current
study and analyses were preregistered on the Open Science Framework
(https://doi.org/10.17605/0SF.I0/9NSRB).

Results. The data collection has finalized and we are now commencing statistical analyses. Results will
be presented at the conference. This study is the first to assess moment-to-moment associations
between breast milk glucocorticoids and infant behavior. By taking into account the bidirectionality of
these associations, the study may increase our knowledge on lactational programming phenomena.

Abstract 5 Title: Comparative analysis of the human milk antibody response to natural infection
versus vaccination and assessment of extracted milk secretory IgA as a targeted therapeutic
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Background

Secretory Immunoglobulin A (sIgA) comprises ~90% of total immunoglobulin (Ig) in human milk and is
critical for milk’s protective effects. The secretory chain that envelops slgA renders it highly resistant to
degradation in all harsh mucosal environments such as the milk itself and the infant mouth and
gastrointestinal tract, and therefore determining if sigA is elicited in milk after infection or vaccination is
critical. As well, milk-derived sIgA therapy has great potential in the context of various mucosal
infections, or as a broad therapeutic in the case of IgA deficiencies. Objectives

Our work aims to study the immune response in milk to infection and vaccination, and in particular the
functionality of milk slgA to protect human milk-fed infants and beyond this, as a potential therapeutic
for all.

Methods and Results

Milk was expressed by consented participants in the USA at home under an approved IRB protocol.
Antibody titers were measured by ELISA or Luminex assays. IgA was purified by an optimized ammonium
sulfate precipitation followed by affinity purification.

After SARS-CoV-2 (COVID-19) infection, robust slgA was found to be elicited and exceptionally long-
lasting throughout the period of lactation, with >90% of the samples exhibiting positive titers and 50%
exhibiting less than a 2-fold reduction of specific IgA over 12 months (in the absence of re-infection or
vaccination). In contrast, our comparative assessment of the milk Ab response elicited by mRNA and
Adenovirus (Ad)-based COVID-19 vaccines revealed mRNA vaccines elicited a potent IgG response that
was >10x higher than those measured for Ad vaccines. Ad vaccines elicited specific milk 1gG in only ~1/3
of recipients. Moderate milk IgA was measured in ~70% of mRNA vaccine recipients and ~20% of Ad
vaccine recipients, with the slgA response being low and uncommon for all groups. These responses
were short-lived, with all classes waning significantly by 3m, and slgA undetectable by 6m. Notably, our
Influenza vaccine studies have also shown that seasonal influenza vaccines induce a poor milk antibody
response and virtually no boosting of seasonally-specific milk sIgA.

As a test of milk slgA function we extracted IgA from pooled milk obtained from our SARS-CoV-2-
infected cohort. COVID+ or COVID-naive milk IgA was administered to mice intranasally (IN) and
intratracheally (IT) 24h before IN inoculation with SARS-CoV-2. IgA was administered 2h after inoculation
and each day for 2 days. Viral titers were measured in lungs 72h post inoculation. Mice receiving
0.25mg/day or 1mg/day of COVID+ IgA exhibited significantly reduced virus titers in lungs compared to
control.

Conclusions

Currently-licensed vaccines do not elicit significant milk sIgA. There is a true need to design vaccines
with the lactating population and their infants in mind, to develop pre-clinical models towards this goal,
and to include lactating people in vaccine research. As well, our in-vivo work supports further
development of milk-derived slgA therapeutics.

Abstract 6 Title: Breast-milk glucocorticoids and infant development

The secretion of glucocorticoids is a classic endocrine response to stress. However, perturbations in
hypothalamus-pituitary-adrenal (HPA) axis activity have been linked to cardiometabolic disease and
major depression. Vertical transmission of glucocorticoids via breast milk might pose a mechanism
through which lactating women could prepare their infants for the postnatal environment. Our group
showed that milk glucocorticoid concentrations increase with the duration of pregnancy, and follow the
diurnal rhythm of maternal HPA axis activity. Animal experiments and observations in man suggest that
milk glucocorticoids could exert their effects in newborns direct or indirectly (e.g., through alteration of
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the microbiome), locally (i.e., in the gut) or systemically (i.e., after intestinal absorption). This might have
repercussions for vulnerable groups, such as preterm infants and infants born to mothers with
psychological distress.

Abstract 7 Title: Human milk exosomes impact white matter development: A preliminary,
complementary in vivo and in vitro study

Background

Infants are dependent on milk as their sole source of nutrition for the first ex utero months of life, a time
of unparalleled brain development. It is during this time that the cells that will mature to enrobe axons
forming the brain’s white matter (oligodendrocyte precursor cells, OPCs) are migrating and proliferating.
Infants fed formula have been demonstrated to show alterations in brain white matter, suggesting that
something in milk contributes the maturation of these key brain cells. One potential milk component
that could influence white matter development is microRNA (miRNA), protected in extracellular
vesicles.

Objectives

The objectives of this study were to, 1) assess the impact of miRNAs sequenced from isolated EVs on
infant white matter, and 2) determine if treatment of cultured OPCs with milk EVs impacted cellular
proliferation and ability to produce myelin.

Methods

Pregnant people (n=6) were recruited and consented prenatally to participate in the study. All infants
were delivered full term, and experienced uncomplicated deliveries. Structural and diffusion MRI were
collected during non-sedated natural sleep at 2 weeks and 3 months in each infant. EVs were isolated
from whole milk samples collected immediately before bed time (to control for any impact of circadian
and/or diurnal rhythms) at three time points during the first three postpartum months — 1-3 days, 7-10
days, and 3 months postpartum to capture changes across colostrum, transitional, and mature milk. RNA
sequencing (RNAseq) was completed on RNA from a subset of the EVs, and targeted quantitative PCR
was applied to confirm RNASeq results. OPCs were cultured from postnatal day 2 piglets, an ideal model
for understanding the impacts of early nutrition on brain development, according to established
protocols. Cultures were treated with isolated EVs and allowed to grow for 72 hours. Fluorescence
microscopy was applied to confirm the EVs entered the cultured OPCs.

Results

The miRNA content in EVs shifted across lactation, with several miRNAs previously associated with OPC
maturation, including Let-7 and miR-17. EVs were shown to enter the nuclei of the OPCs in culture, and
OPC cultures treated with EVs showed increased rates of proliferation following 24 hours of incubation
with the EVs. Ongoing analyses will relate the miRNAs from these specific samples to development
(change across the first three months of life) of white matter integrity, through neurite orientation
dispersion and density imaging (NODDI) and total and regional white matter volume across the brain.
Conclusions

Our preliminary results suggest that miRNAs found in milk EVs impact white matter development
through influencing proliferation and maturation of OPCs. Ongoing analyses will highlight the impacts of
specific miRNAs, providing information required to optimize human milk alternatives with the explicit
purpose of providing the best start for all babies through well-supported brain development.

S.24 Comparing the Forms, Functions, and Benefits of Different Modes of Infant-Directed

Communication
Susanne Reisner !, Janet Werker 2, Natalie Boll-Avetisyan 3, Pierre Labendzki 4, Vanessa Mak 2
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Summary

Caregivers intuitively use infant-directed (ID) communicative rhythms (e.g., speech, singing) as tools to
actively engage with their infants. What makes ID communication salient, and how do infants process
and engage with it? This symposium will present cohesive evidence showcasing how different ID
communicative rhythms are structured to guide processes from basic perceptual levels to reciprocal
social interactions. It will converge results from diverse infant data focussing on ID speech and singing,
including controlled playback experiments (talks 1 & 3), multilingual corpus analyses (talk 2), and
naturalistic infant-caregiver interactions (talk 4). The results of the presented studies will be discussed in
light of novel theoretical and methodological considerations in early communicative development. This
symposium will highlight the forms and functions of different ID communication styles across diverse
contexts and how they benefit early development in complementary ways.

Details

Abstract 1, Musical experience is linked with infants’ pupillary entrainment to speech:

Early auditory experience with language and music has the potential to shape infants’ perception of
spoken language. However, only few studies have looked at how exposure to various linguistic and
musical activities at home shape infants’ speech perception abilities during the first months of life. One
possible aspect of language where early experience with language and music may be relevant is
entrainment: infants ability to synchronize (electro-)physiological responses to temporal regularities in
auditory signals, an ability linked with speech and music perception in infancy (Attaheri et al.,

2022, Ortiz-Barajas et al., 2023; Marimon et al. 2022). The present study investigated whether infants’
pupillary entrainment with rhythmic speech is associated with their exposure to infant-directed
language and/or musical activities at home.

The study used pre-existing pupil size data (Langus et al. 2023) from 6-month-old German-learning
infants (N=31) who were tested on their ability to categorize speech rhythm patterns as trochaic (strong-
weak) or iambic (weak-strong). This data included parental questionnaire information about infant-
directed language and music activities at home: infants’ daily exposure to instrumental music, singing,
nursery rhymes, and reading, and parental ratings of how musical they were and how melodically they
talked to their infants.

In the experiment, infants listened to short trials (N=99) consisting of four instances of the nonword
‘gaba’, with the first three instances providing the context varying across trials (i.e., within category,
across category, and standard context) and the fourth instance providing the test (trochaic or iambic)
that was identical across trials. The items were chosen from a lexical stress continuum that co-varied
pitch, duration and intensity cues ranging from trochaic to iambic.

We measured how changes in pupil size at word frequency synchronized to the onset of the 4 nonwords
in the trial, by calculating the mean phase of the pupillary response at word onset. The data on music
and language at home was used in a principal component analysis that revealed strong connections
between music-related information (parents’ musicality, singing, nursery rhymes) on the one hand, and
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language-related (infant-directed speech, book reading) on the other hand, resulting in two separate
principal components. Subsequently, we modeled the phase coherence as a function of both the
language and music scores.

Results showed that over the trial, at the group level, infants entrained to word onsets when perceiving
the 3rd and 4th gaba. Additionally, infants who were more entrained with the onset of the 2nd gaba also
reacted more strongly to , between” trial switches on 4th position. Lastly, infants with high scores on
music, but not infants with high scores on language entrained better to the word onsets. The results
suggest that entrainment is linked with music experience, and with the ability to perceive the difference
between trochees and iambs. Since prosody is important for bootstrapping into lexical and syntax
acquisition, the present study suggests that experience with music during the first months of life may
benefit early prosody acquisition by enhancing infants ability to predictively encode temporal
regularities in the speech signal.

Abstract 2, Temporal patterns in the complexity of child-directed song lyrics reflect their functions:

When caregivers present content to a young audience, we structure that content, whether implicitly or
explicitly, to optimise its learnability. Previous research has examined how temporally fine-grained
changes in prosodic features might maximise the learnability of child-directed speech. However, no
previous research has examined larger-scale changes in how information is structured over time in child-
directed content.

Our analyses examine the trade-off between two factors: the predictability of new information content,
and expressivity — i.e., whether the content yields substantial information gain (reduction of uncertainty)
for a particular learner in a particular environment. These two needs, which are fundamental and
antagonist, are essential to enable learners to reduce their uncertainty by creating models of their
environment in order to make future predictions (Clark, 2013; Kdster et al., 2020; Peters et al., 2017).
The balance between these two opposite forces, often referred to as the Goldilocks zone, has also been
shown to govern infants' allocation of their attention to visual and auditory stimuli (Kidd et al., 2012;
Kidd et al., 2014, Poli et al., 2020). Importantly, we posit that this expressivity-predictability trade-off is
not an absolute constant universal value but is modulated across features and time depending on the
function, intention, context, and agents’ prior representations and past experiences.

Here, we developed a novel technique based on Kolmogorov complexity to quantify the rate of change
of textual information content over time (see Fig. 1) across different corpora of 453 English-language
open-access recordings of songs and stories. We compared child-directed songs, adult-directed songs,
and child-directed stories, along with comparison corpora in French (206) and Spanish (263).

First, we show that adult-directed songs show the expected inverted-U relationship between complexity
and popularity (indexed as the normalised number of YouTube views). For child-directed songs, in
contrast, overall textual complexity is lower and lower complexity associates with higher popularity (p <
.001). Second, we found that more novel information is presented at the beginnings and ends of songs
in child-directed songs compared to adult-directed songs in relation to their sizes (p < .001), which can
provide benefits in terms of memory encoding because of the Serial Position Effect. Third, we found
that, whereas information was evenly allocated in child-directed stories, both child-directed songs and
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adult-directed songs showed a periodic oscillatory pattern in the rate of change of information content
(p <.001), and that those oscillations were more predictable in child-directed songs (p < .001).

Our findings suggest that the optimal balance between predictability and expressivity in information
content differs between child- and adult-directed content in a way that is compatible with the idea that
child-directed songs are structured, whether implicitly or explicitly, by caregivers and young audience, to
support a variety of early life needs, like maximise learnability and foster social bonding.

Abstract 3, Musical Priming Influences Infant Language Perception:

Research supports the idea that rhythm in language is reflected in the rhythm of the music written by
speakers of the language (Patel & Daniele, 2003). Moreover, it has been proposed that various non-
linguistic aspects of culture, like music, may help infants distinguish between languages and draw
attention to the culturally relevant properties of their native language. For the bilingual-learning infant,
it has been proposed that these distinct aspects of culture that often co-occur with either of their native
languages may be used as cues to “activate” that language-mode of processing, thus, culture may
function as a binder for language acquisition by helping bilingual-learning infants to separate their
languages. (Kandhadai et al., 2014). If there is overlap between the rhythms of the language and music
of a culture, and culture can influence linguistic perception, then priming through music could
theoretically impact language acquisition. The present study aims to experimentally test the relation
between the music and language of a culture by probing whether brief exposure to infant-directed
music of the native vs a non-native culture influences phonetic discrimination at an age when perceptual
narrowing has begun.

We primed n = 64 ten-month-old infants from English monolingual households and n = 64 infants from
Chinese-English bilingual households [ongoing] with a video recording of either a Chinese or English
children’s folk song sung by an ethnically Chinese or ethnically European/White female singer
respectively. We then tested the infants on their discrimination of either the English-specific speech
contrast /fa/-/va/ or the Chinese-specific speech contrast /tsa/-/tsha/ using a preferential-looking
paradigm. We assessed the looking time difference between alternating and non-alternating trials and
found that only for English monolingual infants who had received the English prime and not the Chinese
prime were able to discriminate the English-specific speech contrast. In contrast, English monolingual
infants who had received the Chinese prime and not the English prime spent more time looking at the
non-alternating trials compared to the alternating trials. The preliminary data for 34 Chinese-English
bilingual infants suggests that when primed with a Chinese song, infants are able to discriminate both
the English-specific speech contrast as well as the Chinese-specific speech contrast but unable to do so
when primed with an English song.

These results suggest that culture can indeed influence phonetic discrimination and that culturally
relevant cues — here, an audiovisual cue containing the music, language, and face of a singer — are still
able to modulate monolingual infants’ sensitivity to language even if the process of perceptual
narrowing has already begun: In this case, a prime from an unfamiliar culture hindered the
discrimination of a speech contrast from their own culture. However, preliminary results from the
Chinese-English bilingual infants suggest that in some cases an incongruent pairing of the culture of the
prime and the culture of the speech contrast (Chinese prime — English speech contrast) does not hinder
the discrimination of a speech contrast from one of their own cultures.
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Abstract 4, The Reciprocal Relationship between Maternal Infant-directed Singing and Infant
Behaviour:

Caregivers universally and routinely sing to their infants (Mehr & Krasnow, 2017). This type of infant-
directed (ID) singing is beneficial for both caregivers and infants by promoting caregiver well-being and
social bonding (Fancourt & Perkins, 2017), as well as infant attention and emotion regulation, even more
so than ID speech (Tsang et al., 2017). From a structural and functional perspective, ID singing has been
divided into lullabies and playsongs (Trainor, 1996). Lullabies are sung to calm and put infants to sleep,
while playsongs are used to animate for play, or gain and direct infant attention (Trehub, 2018). These
different functionalities have been ascribed to the acoustic structure of playsongs and lullabies. Most
notably, playsongs are usually sung faster, higher and more variable in pitch, and louder than lullabies
(Cirelli et al., 2020). While previous studies have investigated the acoustic qualities of ID singing and
infant reactions to it separately, there might be a reciprocal relationship between fine-grained acoustic
changes in maternal singing and infant attention. In fact, infants pay more attention to the beat of ID
singing (Lense et al., 2022). However, it remains unclear whether caregivers also adjust to infant
attention, e.g., by modulating the acoustic qualities of their ID communication. Changes in amplitude
and frequency can be quantified via spectral flux (Mueller, 2015), which is more salient neurally than
other musical features (Weineck et al., 2022) and, therefore, might be suitable to quantify the
adjustment of mothers’ ID singing to their infants” behaviour. Thus, our study explored the contingency
of fine-grained acoustic variability of live maternal singing alongside infants' attention to their
caregivers. We posit a reciprocal relationship between caregiver ID input and infant attention: Spectral
flux should increase around infant gaze onset to indicate that infants are anticipating caregiver input and
that caregivers are responding to infant attention.

Seventy-three German-speaking mothers were asked to sing a playsong and a lullaby to their 7-month-
old infants while we recorded infant attention via social gaze. We time-locked the beat-normalised
spectral flux of maternal singing using the local tempo 3 beats before and after the onsets of infant
social gaze.

Our results showed that, overall, spectral flux was higher in the playsong than in the lullaby condition (p
=.019). Cluster-based permutation tests (1000 permutations) showed that in playsongs, spectral flux
was significantly above-threshold around 2.5 beats before look onset and around 1.0 and 2.0 beats after
look onset (p < .0167; see Fig. 2). There were no significant changes in spectral flux in lullabies.

These findings suggest that infants and caregivers mutually adjust to each other in the context of ID
communication and that this mutual adjustment is modulated by song type. Infants react to changes in
maternal singing by shifting their attention, and caregivers scaffold salient events after infant social gaze
to maintain engagement with the infant. The communicative character of this musical turn-taking may
thus be vital for the effects of ID songs as well as an important developmental step towards verbal
communication.

S.25 Beyond top-down and bottom-up: how young children dynamically and adaptively
influence salience in real-world settings.
Dima Amso %, Sam Wass 2, Chen Yu 3, Hanako Yoshida *

! Columbia University, 2 University of East London, * The University of Texas at Austin, # University of
Houston
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Summary

Traditional approaches emphasise that attention transitions from bottom-up ‘attention capture’
(automatic, elicited by salient features of the outside world) through to top-down ‘attention control’ (we
choose where we pay attention, and when).

Here we present contrasting talks from three world-leading experts that challenge this perspective. The
talks each use different, state-of-the-art new methods. They provide provocative conclusions that force
the listener to reconsider this approach to understanding attention development. The symposium will be
concluded with a discussion by a world-leading authority on infant attention.

Together, these talks suggest that salience is not just a property of the outside world. Rather, infants
and caregivers, both individually and in tandem, adaptively create salience biases in order to influence
early attention. This symposium will fundamentally challenge how we think about top-down vs bottom-
up influences on attention development.

Details

Abstract 1: Using manual actions to create visual saliency: a sensorimotor mechanism to visual
attention

Infants are active learners: they explore and learn about the world by acting on it. Among the many
ways that infants’ manual actions impact early learning, one critical path is hand-eye coordination —
simultaneously holding and looking at an object. The present study proposes and tests a sensorimotor
mechanism for hand-eye coordination in which manual actions create visual saliency of handled objects
in an egocentric view, and visual saliency, in turn, attracts visual attention (Fig. 1).

Method. To provide a rigorous test of the entire pathway from manual action, to visual saliency in view
and to visual attention, we analyzed multimodal behavioral data collected from 36 sessions of parent-
infant toy play (M_sessiontim=6.32 minutes, M_age= 19.23 months). Gaze data were recorded from
head-mounted eye trackers worn by both infants and their parents (274,539 frames of infants' gaze data
and 282,857 of parents' gaze data in total). Manual actions on objects were annotated frame by frame
when the hands from either social partner made contact with toy objects. We also used a pre-trained
deep learning model (YOLOv3) to detect individual objects in the infant’s egocentric view

automatically. The visual sizes of objects in the egocentric view were used to measure the visual
saliency of those objects.

Results. We identified manual action events by infants and calculated the mean size of the held object in
each event, and then used a median split on object size to divide action events into two groups: 1) with
a larger size (therefore more visual salient in view) and 2) with a smaller size (less visual salient in

view). A comparison of infant visual attention in the two event groups shows (Fig. 2A) that when a
manual action on an object created more visual saliency of that object, the infant attended to the salient
object much more often than the held object that was less salient

(M_salient=0.641; M_no_salienct=0.281; beta=2.086, SE=0.115, p<0.0001). We next conducted the
same analysis on parent manual actions and found similar effects of parent actions on visual saliency
and visual attention ( Fig. 2B). Further, we conducted a head-to-head comparison of the effects of infant
and parent actions (Fig. 2C). Even though the infant-held objects were larger in view and, therefore,
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more visually salient than the parent-held objects, parent actions are as effective as infant actions in
attracting infant attention.

(M_salient_parent_action=0.463; M_salient_infant_action=0.538;beta=0.026,SE=0.030, p=0.263).
When a held object became more salient in an egocentric view, either through an infant's or parent’s
manual action, the infant attended longer to the held object relative to a held object with less visual
saliency.

In summary, both infants’ and parents’ actions in joint play create visual saliency in infants’ egocentric
view that supports infant visual attention. The results here provide new empirical evidence on
dependencies among manual action, visual saliency, and visual attention in everyday parent-child social
interactions. The results underscore the reciprocal influences between manual actions and visual
attention within the infant's perception-action system and between the parent’s action and the infant’s
attention.

Abstract 2: Dyadic Route to Development of Selective Attention

Traditionally, our ability to selectively pay attention to things has been characterized as a neural
filtration process — information 'happens' outside and we passively filter this information to make sense
of the world (e.g., Treisman 1969). Contemporary embodied approaches, however, consider that
selective attention occurs through our active interactions (e.g., Hommel et al., 2001). In fact, young
children actively hold objects of interest close to them, creating selective, clear (Pereira, Smith, & Yu,
2014; Yoshida & Smith, 2008) and highly salient object viewing (Sun & Yoshida, 2021), and when parents
name the object, it increases sustained attention to the object (Yu & Smith, 2017) and succession in the
learning about the object (Yu, Suanda, & Smith, 2019; Gogate, Bolzani, & Betancourt, 2006). However,
the current dichotomy leaves out a critical pathway — how do we get there? In the proposed
symposium, | will present data supportive of an alternative solution — social scaffolding (Phillips, et al.,
2023; Burling & Yoshida, 2019). Before infants show proactive engagement with objects, parents
actively hold objects close to the young infant in a way that makes them highly selective, salient, and
neurally meaningful.

| will present a set of recent and ongoing studies from our lab — each study used a portion of observation
data from infant-parent dyads participating in an interactive object play with head-mounted eye
tracking that captured an infant’s and parent’s gaze and perspective on play. Some portion of data are
longitudinal or synchronized with high-resolution EEG recording that captures infants’ momentary
neural engagement during the play. The key results regarding the parental impact on early visual
experiences include: (1) a semi longitudinal study with 18 parents and their 5- to 24-month-old infants
indicates that (a) objects are fixated and captured clearly in the infant’s view before infants actively
engage the play — as early as 5 months (ALOO = 20.1, 95%Cl [51.3, 130.1]) and (b) scaffolding may
support the infant’s sustained attention on objects early as the level of parents’ active involvement
change as a function of infant’s age (ALOO = 7.1, 95%Cl [29.6, 58.1]). (2) a study with 43 parents and
their infants aged from 6- to 18-month-old infants indicates that (a) parents’ object holding generates
highly salient values around viewed objects (p < .01, Figure 1A-C), and the relevance of parents’ naming
of infant attended object to the “top-down” attention that is guided by verbal cues in a preferential-
looking paradigm (B =-2.92, p <.01). (3) a cross-sectional study with 30 parents and their 6 months and
12 months infants with the combined system examining the neural correspondences associated with
sustained attention indicates that when infants’ attention is accompanied by parent object handling,
there was an enhanced power change (6-10 Hz) occurring around the onset of infant’s sustained
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attention (Figure 2).

The line of studies is our first step to understand how foundation of our ability to pay attention to things
is nurtured socially — providing a new framework for explaining the role of parental scaffolding on early
learning and development.

Abstract 3: Caregivers dynamically and adaptively alter their salience, moment-by-moment,
contingent on the child’s attention state

Introduction: What are the mechanisms through which joint attention is achieved? Classic approaches
emphasise joint attention as a one-way flow of information from an adult caregiver, who didactically
structures infant attention using ostensive cues, to an infant, who is passively sensitive to the adult’s
ostensive signalling (Csibra & Gergely, 2009). But an overwhelming body of evidence now suggests that,
in fact, children are remarkably insensitive to adults’ ostensive signalling during shared interaction
(Southgate & Begus, 2019; Wu & Gros-Louis, 2015; Yu & Smith, 2012). For example, they do not follow
caregiver gaze (Yu & Smith, 2012), and they show little to no neural responsivity to caregiver gaze
behaviours (Marriott Haresign et al., 2022).

So how, exactly, do infants and caregivers influence one another during shared interaction? Here, we
investigate the hypothesis that caregivers influence infant attention by dynamically and adaptively
altering the salience of their own behaviours, moment-by-moment, contingent on the attention state of
the child.

Methods: We recorded free-flowing dyadic play across a tabletop with toys between N=66 infants of
mean (sd) age 11.18 (1.27) months (33 female) and their caregivers (see Figure 1). During the play we
recorded infants’ brain activity with EEG, and videoed infant and caregiver behaviours with high
resolution (50fps) cameras, and recorded infant and caregiver vocalisations with a microphone. We
hand-coded infant attention shifts at 50Hz, and analysed cortical theta activity as a fast-moving measure
of infant attention engagement (Perapoch Amado et al., 2023). We analysed multiple features of the
caregiver’s behaviour, including: their own attention shifts; the rate of change of the fundamental
frequency of their voice (FO) (thought to be a marker of auditory salience (Huang & Elhilali, 2017)); the
rate of change of their facial features (using Face Alignment, an open-source facial feature classifier); the
rate of chance of their hand positions and limbs (using OpenPose). We also computed semantic
complexity by compressing in to index the amount of novel information over time, based on Kolmogorov
complexity (Chater & Vitanyi, 2003; Wolff, 2014), and computing the derivative of that time series to
obtain an instantaneous information rate, here referred to as semantic complexity.

We then used cross-correlation analyses to examine how caregivers dynamically adapt their own
salience (rate of change of voice, face and physical movements), as well as the complexity of their own
object-directed talk, relative to fluctuations in infant attention. Surrogate cross-correlations were
created by assigning theta timeseries to other speech streams, and significance was tested by
performing a cluster-based analysis with 500 permutations with a final threshold of alpha = 0.05 (Meyer
et al., 2021).

Results and Conclusion: Our analyses suggest that, during shared interaction, caregivers dynamically
recalibrate their own behaviours, moment-by-moment, contingent on the attention state of the child
(bootstrapping ps<.01). For example, caregivers dynamically adapt their own attention behaviours
(Fig2a), dynamically modulate the complexity of their own object-related speech (Fig 2b), and their own
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vocal salience (rate of change of FO) (Fig 2c), second-by-second, contingent on infant attention
engagement.

S.26 The mechanisms of early vocabulary growth: Insights from vocabulary network

analyses
Judith Kalinowski *
! University of Géttingen
Summary

Our proposed symposium presents a network analysis approach to early vocabulary growth from
perspectives of word learning, word production, and language perception. Our central research question
considers: What mechanisms drive early vocabulary growth? Our methodology draws from parental
report data and naturalistic home recordings across three distinct languages to explore individual
longitudinal semantic networks, phonological networks, and effects of child-directed speech on
vocabulary acquisition. Across our three studies, we find that the early lexicon is driven by internal
mechanisms: already-learned words attract new words for acquisition with similar sound and meaning.
The results, however, show differences in regards to the influence of the words in the child’s environment.
This symposium offers an exploration of the interplay between phonological and semantic factors as well
as child-directed speech in shaping the developmental trajectory of early vocabulary acquisition.

Details

Abstract 1 Exploring systematicity in the developing lexicon with phonological networks

Infants’ early words are phonologically similar (Vihman, 2016). Deuchar and Quay (2000) show that
13/20 of a bilingual (English-Spanish) child’s first words are produced with a CV structure, and many are
identical: car, clock, casa ‘house’ and cat are produced as /ka/, and papa ‘daddy’, pdjaro ‘bird’ and panda
as /pa/. Infants may produce newly-acquired words in a systematic way, drawing on what they already
know in development to further advance their phonological/lexical knowledge and articulatory skills.
This may help them deal with the combined challenges of memory, planning and articulation in early
phonological development. That is, systematicity may be a crucial mechanism in early word learning.

Network analysis can account for systematicity in early phonological acquisition, whereby similarity
between forms determines their connectivity within a network. If early phonological development is
indeed led by systematic production, as the above example suggests, then we would expect the early
vocabulary to contain many similar-sounding forms. This would be manifested in a phonological network
as tight clusters of similar-sounding forms. This hypothesis can be tested via two established models of
network growth: preferential attachment (PAT; an internally-driven network where new words resemble
the most well-connected forms in the existing network) and preferential acquisition (PAQ; an externally-
driven network where acquisition reflects the connectivity of the target language, in this case the input,
Hills et al., 2009). Previous studies have tested connectivity between target forms (i.e. adult target
productions) of vocabulary norm data, with mixed results (Fourtassi et al., 2020; Siew & Vitevitch, 2020).
In this study, | draw on naturalistic data to test infants’ actual productions of early words, to identify
whether developing phonological networks are driven by PAT- or PAQ-like growth. | propose that PAT
offers a more plausible model for phonological development, given that infants tend to adapt early
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words to fit established production routines (Vihman, 2019), and thus new words are likely to resemble
existing words in the network.

| analyze early phonological networks (constituting >1.6 million unique connections) from 9 infants (4
males; Demuth et al., 2006; Demuth & Tremblay, 2008) between 0;11 to 2;6. Phonological distance
between each word and each other word in each child’s data was computed to establish networks of
infant productions using Euclidean distance (see Monaghan et al., 2010), to generate network growth
values that represent PAT- and PAQ-like network growth (see Siew & Vitevitch, 2020 for full outline of
network growth values). Results show that infants draw on what they already know in early production:
logistic regression models with word learning in the following month as a dependent variable (was the
word learned: yes or no) showed that PAT growth values, but not PAQ, predicted whether or not a word
was learnt in the following month (x2(2)=11.29, p<.01) when frequency in the input and word length in
phonemes were controlled for. There was no interaction with age (p>.5), suggesting that this is not only
an effect of very early learning, but is retained across the first two years of word production.

Abstract 2 The influence and interplay of sound and meaning in the development of early vocabulary
networks

While much work has emphasised the role of children’s environment in language learning, research
equally reports consistent effects of their knowledge, i.e., the words known to individual children, in
steering further lexical development. Thus far, findings have predominantly focussed on the semantic
similarity between words in the child’s environment or lexicon to the word to be learned. While recent
work has extended this to the phonological similarity between words in the child’s environment/lexicon
to the yet-to-be-learned word, thus far, no research has compared the role of phonological and
semantic similarity on word learning. However, since the form and the meaning of a word are both
irrevocably associated with the words, it is important to investigate the relative contribution of form and
meaning overlap to word learning. Furthermore, much of the literature is based on cross-sectional data,
assuming that the words typically known to children at n months predict the words typically known to
children at n+x months. Given the variability in the number of words known to individual children at
different ages, a more conclusive analysis of this issue requires examination of individual differences in
the words learned by individual children across development, i.e., using longitudinal data.

In the current study, we examine the influence of similarity in sound and meaning on word learning
using longitudinal vocabulary data from Norwegian children (n=215, #observations >5). We ask whether
the phonological and semantic connectivity of a not-yet-learned word to words that the child already
knows, or words in the child’s environment predicts the likelihood of the child learning that word.
Furthermore, we investigate how the interplay of phonological and semantic connectivity influences
word acquisition. We represent each child’s growing vocabulary as increasing networks and fit multiple
logistic regression models to gain insights into different contributing factors.

The results suggest that the early vocabulary grows predominantly in a rich-get-richer manner, where
word learning is predicted by the phonological or semantic connectivity of a word to words already
known to the child. However, word learning is, albeit to a lesser extent, also influenced by the
phonological and semantic connectivity of a word to words in the child’s linguistic environment. Both
effects are greater for younger than for older children. In general, semantic connectivity plays a more
prominent role in word acquisition than phonological connectivity, which means that similarity in
meaning leverages word learning more strongly than similarity in sound. Critically, we find that a yet-to-
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be-learned word is easier to learn when it connects to words in the lexicon which are highly connected
themselves in only meaning, as compared to words which are highly connected in both form and
meaning. In other words, children find it more challenging to learn words which are connected in both
domains, possibly due to greater overall similarity which makes them harder to differentiate from each
other. Our results highlight the promise of using longitudinal data to better understand the factors that
influence vocabulary development and the insights to be gained from analysing different contributing
factors concurrently instead of separately.

Abstract 3 Community structure in the phono-lexical network of child-directed speech

The mental lexicon can be represented as a network of word forms, with pairs of nodes (or vertices)
joined by lines (or edges). The study of networked phonological word forms has become an increasingly
important facet of psycholinguistic investigations of speech processing, involving speech recognition,
retrieval, lexical learning, and speech errors (Beckage & Colunga, 2016; Vitevitch, 2021).

Networks of phonological word forms are found to naturally divide into modules or communities. Those
are densely connected groups in which all words are more similar to one another than they are to nodes
outside the group. Phonological networks of adult language speakers have demonstrated good
community separation (Siew, 2013, Siew et al., 2023), with community sizes related to lexical
characteristics of words. A proposal has been made that larger communities develop first in language
acquisition, as they may be a precursor for developing a robust language network in first-language
learners (Siew, 2013). Since the lexicon of child-directed speech is adapted to facilitate learning in the
listeners (Huttenlocher et al., 1991), the child-directed phonological network may be organized in a way
that reflects an emphasis on certain community structures.

The present study investigated the phonological network of child directed speech (or ‘CDS’) in order to
see whether it preferentially exposes children to larger network communities. CDS data were obtained
from the Nuffield Corpus of 76 British mothers speaking to their 11-month-old infants (McGillion et al.,
2017). A comparative adult-directed phonological network was constructed with data from the British
National Corpus (or ‘BNC’). Phonological neighborhoods within the two lexica were identified by
computing the Levenshtein distance between word forms. The Louvain method of community detection
was employed.

Results show that the CDS network differs from the BNC network in various important ways. The CDS
network not only contains a much larger number of phonological communities in the densely
interconnected giant component part of the network, but community sizes were also larger (see Table
1).

In the CDS network, words of higher lexical frequency, shorter length, and denser neighborhoods tended
to reside in the largest communities. The opposite trend could be seen in the BNC network. These
findings have implications for lexical activation spreading in the CDS network: high-frequency, short
words with denser neighborhoods being grouped together in large communities implies that a large
portion of the lexical activation primarily occurs in this particular region of the CDS lexicon, where words
are frequently activated and retrieved and compete with one another. In addition, phonologically similar
words tend to belong to the same communities and this allows predictions about the phonological
properties of words that children tend to learn first. Similar word forms may be acquired at the same
time in order to form the foundation of a new community within the infant phonological network. The
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findings of this study indicate that caregivers restructure their phonological lexicon when addressing
infants, with potential implications for infant lexical learning.

S.27 The impact of infant sleep on current and future outcomes: Perspectives from typical

and atypical populations
Rebecca Spencer , Melissa Horger !, Greta Sokoloff 2, Soraia Ventura 3, Annette Estes *

! University of Massachusetts, Amherst, 2 University of lowa, 3 University College of Cork, 4 University of
Washington

Summary

Infancy is marked by change in many domains, including sleep. Such changes span sleep macrostructure
(e.g., duration & timing) and microstructure (e.g., EEG features), both of which are linked to long-term
cognitive and health outcomes. Most prior literature includes measures of only sleep macrostructure
and focused on typical populations. Our symposium will describe recent research filling both gaps. Two
presentations focus on sleep in the context of prematurity. Both include sleep EEG features and relate
this to sensorimotor development and later neurodevelopmental outcomes. The next extends the
discussion of EEG features to typical toddlers and the refinement of gross motor behaviors. The final
presentation adds long term outcomes, studying infant sleep, later ASD diagnoses, and behavior at
school age. Subsequent discussion will focus on (1) balancing methodological considerations and
participant burden and (2) applications for early intervention or future research directions.

Details

Abstract 1: The effects of prematurity on sleep and brain development.

We sleep the most when we are young, yet premature birth leads to an early increase in the amount of
time an infant spends awake due to the abrupt change in the developmental environment as well as the
infant’s own health status and need for care (Bennet et al 2018; Knoop et al 2021). Since the third
trimester of gestation is a period of rapid brain growth, it is unknown if this dramatic change in
behavioral state organization impacts neural development. New evidence is showing, however, that it
may indeed be the case. Specifically, the amount of sleep — in particular, active (or REM) sleep — has
been shown to correlate with white matter tract development in premature infants at term age (Wang
et al, in press). Furthermore, previous work in non-human and human neonates, has shown that
spontaneous brain activity, in the form of spindle bursts, predominates during sleep but not wake in the
early perinatal period (Dooley et al 2020; Whitehead et al 2018). Spindle bursts not only show state-
dependent activity but are also reliably elicited in response to the spontaneous myoclonic twitches
(Dooley et al 2020) that are a hallmark of active sleep. Altogether, this strongly suggests that sleep and
twitching should be protected in premature infants to promote brain development.

In our current study we aimed to see whether sleep and twitching in the neonatal intensive care unit
(NICU) and the commensurate neural activity, can be used to better understand and/or predict risk for
atypical development. To do this, we are acquiring video and EEG data from 1- to 2-hour sleep sessions
at the University of lowa Stead Family and Children's Hospital NICU, from both extremely (<32 weeks
gestational age) and mildly (>32 to <37 weeks gestational age) premature infants.
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For 11 extremely premature infants and 10 mildly premature infants, sleep was staged from both video,
scored by observers, blind to group, and using physiological measures (e.g., heart rate, respiratory rate,
and blood oxygenation). EEG activity and twitching, also scored by observers, will compared between
groups for infants at the same gestational age at the time of the session. In this preliminary discovery
cohort, we found that from 30 to 33 weeks gestational age, extremely premature infants were awake,
on average, more than 30% of the time during the session. This amount of wakefulness persisted at 34-
36 weeks gestational age and was also observed in mildly preterm infants at the same gestational

age. When asleep, infants exhibited increased EEG activity in the spindle burst range (8-25 Hz) during
both active sleep and quiet sleep. Suggesting that a reduction of either active or quiet sleep will impact
the amount of spontaneous activity produced by the developing brain. Current analyses are looking at
the relationship between the twitches observed during active sleep and production of spindle bursts in
somatosensory cortex. Ultimately, the goal of our work is to understand both short- and long-term
outcomes when sleep and twitching are disrupted.

Abstract 2: The effect of moderate to late preterm birth on sleep EEG features in early infancy

Introduction: Moderate-to-late premature (MLP) birth occurs between 32 and 36 weeks gestational age
(W.H.0., 2023). MLP-born neonates show higher morbidity and mortality than term-born peers and
MLP-born children have lower educational outcomes (Celik et al., 2013; Crockett et al., 2022), but their
developmental trajectory has received far less attention compared to their more preterm counterparts.
Neurophysiological features of sleep have been shown to be biomarkers of underlying brain maturation
(Fattinger et al., 2014; Kurth et al., 2012; Sokoloff et al., 2021). We aim to compare EEG sleep features
at 4 months of age between MLP-born infants and a control group born at term.

Hypothesis: We predict sleep features in MLP-born infants will show a different developmental
trajectory to term-born infants.

Study population: Low risk MLP and term-born infant groups recruited at birth at a local hospital from
2017 to 2018.

Methods: Daytime sleep EEGs were recorded in both groups at 4 months corrected age. Sleep was
staged according to AASM criteria, and the analyses were based on the first sleep cycle. Groups were
compared for sleep stages duration, latency to sleep and REM. Sleep spindles were identified manually,
and groups were compared for spindle density, number, symmetry, synchrony, spectral power,
frequency, and duration. Groups were also compared quantitative EEG background features, including:
relative and absolute spectral power and connectivity, as measured by inter- and intra-hemispheric
coherence. Both cohorts had a Griffiths Il assessments at approximately 18 months; general
development and subscales quotients were compared between groups.

Results: From the two cohorts, 59 MLP (30/59 females) born at a median (IQR) chronological age of 24.3
(22.9-25.9) weeks and 96 term-born infants (40/96 females) born at 19.4 (18.6-20.4) weeks were
included in the sleep study.

MLPs had fewer sleep spindles (MLP: median (IQR) 212.00 (137.50-280.00); term-born: 253.00 (213.00-
293.00), p=0.029), and a shorter N2 sleep stage (MLP: 2.75 (1.88-4.63); term-born: 4.50(2.50 to 6.50)
minutes, p<0.001]. MLPs also had higher power in delta 1 frequency [MLP: 702.49 (557.46- 840.67)uV2;
term-born: 593.34 (449.21-749.36)uV2, p=0.011], and delta 2 [MLP: 245.31 (194.17-327.77)uV2, term-
born: 215.32(164.78-283.39)uV2, p=0.028] and lower relative gamma power during NREM [MLP: 0.0016
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(0.0013-0.0019)%; term-born: 0.0018 (0.0015-0.0022)%, p=0.034]. Differences in connectivity were also
seen, with a general increase of frontal and lower interhemispherical parieto-occipital coherence in the
MLP group. The Griffiths Ill developmental assessment revealed that general development quotients
mean (SD) were 119.45 (10.78) for term infants and 112.12(13.67) for MLPs (p<0.001).

Conclusions: Low risk MLP infants show multiple EEG sleep biomarker alterations in comparison to term
born infants, reflecting changes in brain organisation and function which may relate to their lower
developmental scores. Future work will correlate sleep features in MLP infants to their
neurodevelopmental outcome scores directly.

Abstract 3: The impact of sleep spindles on fine and gross motor development

The second year of life is a period of motor skill refinement. Most major gross motor skills are acquired,
but continue to be honed as toddlers learn to flexibly adapt to the constraints of their environment and
specific scenarios (Hadders-Algra, 2018). Sleep is relevant to this process through short-term
consolidation of procedural memories and, perhaps, more globally supporting the integration of the
sensorimotor system (Sokoloff et al, 2021). The mechanisms through which sleep supports motor
learning are not fully explained. In examining the EEG during overnight sleep, researchers can document
how distinct neural oscillations evolve over developmental time and relate to short- versus long-term
outcomes.

One commonly studied EEG feature is sleep spindles, bursts of 10-16 Hz activity which occur during
NREM and have been associated with motor skill acquisition. Developmental changes in spindle
topography, duration, and frequency slow after the first year of life, but continue through adolescence.
By approximately 18 months, spindles can be subdivided into slow ( <13.5 Hz, in frontal region) and fast
(>13.5 Hz, in central regions) spindles (Kwon et al., 2020). The former have been associated with
memory consolidation while the latter are related to more general cognitive performance (Jaramillo et
al., 2023).

In this talk, | will present a study aimed at examining how spindle frequency and coherence relate to
early motor development. We hypothesized that (1) faster spindle activity and (2) greater spindle
coherence, specifically across hemispheres, would be positively related to fine and gross motor
development. Fifteen 16-26 month-olds participated in an overnight sleep session and completed the
Bayley IV. Sleep was measured via in-lab polysomnography. Within the EEG data, we focused on frontal
(F3/F4) and central (C3/C4) channels. Spindles were automatically detected from each channel (Vallat &
Walker, 2021). Several records were scored by an expert to confirm the reliability of this method. We
calculated median spindle frequency and co-occurring spindle duration during the first two hours of
sleep.

Preliminary analyses using Bayesian regressions found median spindle frequency was more influential
than age in predicting both fine (Spindle: BF10 = 1.45 vs. Age: BF10 = 1.23) and gross motor (Spindle:
BF10 = 1.84 vs. Age: BF10 = 0.46) ability. Contrary to Hypothesis 1, slower spindle activity was related to
better motor performance (See Figure 1). Spindle coherence was defined as the proportion of
simultaneous spindle activity across two channels out of the total duration of spindle activity. While not
associated with fine motor development (all BF10 < 0.7), coherence in the central region was marginally
associated with gross motor skills (BF10 = 1.08), providing limited support for Hypothesis 2.
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These results enhance our understanding of the mechanism through which sleep supports motor
development. Early NREM features, sleep spindles, appear to play a specific role. As such, a promising
application is to study sleep spindles in populations with sleep disturbances and/or motor delays. Future
work should assess the generalizability of the findings which may improve interventions and long term
outcomes.

Abstract 4: Sleep and the Developmental Progression of Autism

Autism Spectrum Disorder is the diagnostic term used for neurodevelopmental disabilities characterized
by social communication and interaction difficulties and restricted and repetitive behavior and interests
(APA, 2013). Sleep problems affect the majority of autistic individuals (up to 93%; Petruzzelli et al, 2021).
Autistic individuals tend to demonstrate the defining features of insomnia; longer sleep onset latency,
reduced total sleep time, more night awakenings, and more early morning awakenings compared to
neurotypical peers. Insomnia predicts the severity of core diagnostic features of autism and impacts the
quality of life of individuals and their caregivers. Furthermore, animal models have shown that sleep
disruption during early development can cause autism-like behavioral deficits in adulthood.
Nonetheless, the nature and impact of sleep problems in autism during early development remains
largely undetermined.

This submission has three aims: 1) present recent findings on sleep alterations and development in
young autistic children, 2) describe new data on sleep patterns in a longitudinal cohort of children at
higher and lower familial likelihood of autism, and 3) discuss implications for understanding the
relationship of sleep problems to developmental trajectories in autistic individuals.

Participants were ascertained through the longitudinal, multisite Infant Brain Imaging Study (IBIS)
network based on having an older autistic sibling (higher likelihood; HL) or no family history of autism
(lower likelihood; LL). Participants were assessed at 6, 12, and 24 months and at school-age (7-12 years).
Infants and caregivers completed a battery of direct assessment and parent-report measures at each
age point and diagnostic evaluation at 24-months and school-age. Brain development was assessed with
non-sedated MRI at each age point. A subset of the longitudinal cohort also participated in a sleep
assessment at school-age where parents completed sleep questionnaires and daily sleep diaries, and
children completed 10 days of actigraphy.

Data collection at school-age is ongoing, but preliminary analyses (n=174) reveal an endophenotypic
pattern of parent-reported sleep problems, with highest levels in autistic children (HL+), intermediate
levels in non-autistic children with an autistic sibling (HL-), and lowest levels in unaffected children with
no family history of autism (LL). However, actigraphy revealed unexpected results in which the non-
autistic siblings (HL-) demonstrated lower total sleep time than HL+ or LL (See Figure 1). Further analyses
will evaluate the relationship of parent-reported sleep concerns and infant temperament at 6, 12, and
24 months of age to sleep outcomes in these three groups at school age.

In a longitudinal, prospectively ascertained cohort, we found that longer sleep onset latency in the first
year of life was associated with increased hippocampal volume trajectories and increased likelihood of
autism at 24 months (MacDuffie et al., 2021). Analysis of parent-reported and objectively measured
sleep patterns in this group at school-age is underway. We will evaluate the relationship of early sleep
concerns and temperament to school-age sleep patterns. This evidence, if found, would suggest that
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sleep disruption early in life may interact with genetic vulnerability to drive lasting behavioral changes in
autism.

S.28 Exploring rhythm processing in early infancy through multi faced lenses: genetics,

microbiome, experience, behavior
Sahar Moghimi !, Laurel Trainor 2, Janet Werker 3, Reyna Gordon *, Laurel Trainor ?, Viola Macchi Cassia
>, Trinh Nguyen °, Martina Arioli >, Anne Bobin-Bégue ’, Alicja Brzozowska ’, Sofia Russo ®

! Université de Picardie Jules Verne, 2 McMaster University, 3 University of British Columbua, # Vanderbilt
University Medical Center, 4 University of Milano, Bicocca, ° Italian Institute of Technology, ® Université
Paris Nanterre, 7 University of Vienna, & Universita degli Studi di Padova

Details

Abstract 1: Understanding genetic influences on the brain’s capacity to process musical rhythms: a
neurodevelopmental-genomic approach

Reyna L. Gordon1,2,3, Yasmina Mekki1,2, Alyssa C. Scartozzi2, Giacomo Bignardi3,

Nancy J. Cox2, Else Eising3, Simon E. Fisher3

1Department of Otolaryngology- Head & Neck Surgery, Vanderbilt University Medical Center, Nashville,
TN, USA

2Vanderbilt Genetics Institute, Vanderbilt University Medical Center, Nashville, TN, USA

3Max Planck Institute for Psycholinguistics, Nijmegen, Netherlands

Rhythm sensitivity emerges very early in child development, beginning during prenatal development,
and with mounting evidence that neonates and young infants perceive some aspects of the musical
beat. Musical beat perception and synchronization have been theorized to have played an important
role in human evolution of developmental social and communication traits, suggesting that genetic
signals linked to human rhythm should be linked to neurodevelopment. Our prior Genome-Wide
Association Study (GWAS) of beat synchronization in N=606,825 individuals found that the genetic
architecture of musical rhythm was enriched for brain-specific regulatory function in fetal neural tissues
(Niarchou et al., 2022). In other words, genetic markers associated with individual differences in adult
rhythm ability were more likely than chance to play a role in gene regulation of gene expression in fetal
neural tissue, thus suggesting that genetic variation helps the brain very early on lay down neural
architecture that affects rhythm into adulthood. The current work aims to further investigate the genetic
contributions to the brain building blocks of rhythm. First, we examined potential gene signals of rhythm
in 67 cell types, derived from the midbrain and prefrontal cortex of embryonic and fetal tissues. Gene
property analysis (using MAGMA) revealed that the genetic architecture of rhythm is significantly
enriched for GABAergic neural and neuroblast cell-types from midbrain embryonic tissue, along with
GABAergic neurons from fetal tissue gestational week 26 (p<0.0003, FDR-significant). This enrichment of
neural precursor cell-types and neuronal cell-type fetal tissue (particularly at 26 weeks’ gestation, a
sensitive period of auditory development) points to GABA as an important brain building block of the
functional architecture of rhythm sensitivity in very early prenatal development. To further connect the
genetic architecture of rhythm to processes of neocortical spatial organization, we curated 42 gene sets
from co-expression modules computed from transcriptome profiles of the mid-gestational brain from
publicly available BrainSpan data at high spatial resolution. Findings from gene set analyses illustrate
that rhythm is enriched in gene sets involved in inner and outer cortical plate development and
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transient subplate zone development (p<.01, FDR-significant). Results were robust from additional
analyses controlling for general cognition. | will discuss these findings in the context of ongoing research
highlighting shared genetic influences between beat synchronization and developmental language-
related traits. This study lays groundwork for identifying the neural endophenotypes that may support
genetic contributions to rhythm processing in the developing brain, and suggest candidate mechanisms
by which genetic variation (DNA variation across individuals) programs the wiring of the brain so that it
is primed for rhythm processing, starting during prenatal development. Taken together, the
neurogenomic approaches employed here shed new light on biological function and structure linked to
rhythm traits during neurodevelopment.

Abstract 2: Neural tracking of rhythm during the third trimester of human gestation and the impact of
neural maturation on the neural response to rhythm

Sahar Moghimil, Fabrice Wallois1, Ghida Ghostinel, Guy Kongolo1, Maryam Ghorbani2, Bahar
Saadatmehrl, & Mohammadreza Edalatil

linserm UMR1105, Université de Picardie Jules Verne, Amiens, France

2Ferdowsi University of Mashhad, Mashhad, Iran

The perception and synchronization to periodicity at various tempos or timescales hold significant
developmental importance, as evidenced by studies on language development, music behaviors,
bonding, and early social interaction. However, the timing of the emergence and development of neural
capacities for coding these temporal hierarchies remains unknown. Auditory perception develops
gradually during the last trimester of pregnancy and continues to refine for many years after birth.
Although cortical auditory evoked potentials are recorded in premature newborns as young as 28 weeks
gestational age (WGA, almost when the auditory cortex is connected to the outside world through
thalamic afferents) (Daneshvarfard, 2019), it is it is not yet clear how and when the neural coding of the
basic acoustic features gradually evolves into the coding of auditory rhythms similar to observations in
adults. The goal of the present study is to clarify how the encoding of the metrical hierarchy, including
the basic beat and metrical structure, develops and evolves in the course of the third trimester of
gestation. We conducted a cross sectional study of 46 premature neonates, born during the third
trimester of gestation between 28 wGA and 36 wGA. During the first week after birth, while in the
incubator, we evaluated their neural activity during sleep using 64 to 128-electrode EEG in response to a
repeating six-beat auditory rhythmic sequence (Flaten 2022). We compared younger premature
neonates born between 27 and 33 wGA and older premature neonates born between 33 and 36 wGA.
We found that both age groups showed neural synchronization to the fast periodicity related to the
beat, whereas only the older group showed significant neural synchronization to the slower meter
frequencies related to neural representation of beat groupings. We also found that neural
synchronization to the beat and meter frequencies became gradually stronger with increasing
gestational age at birth, and that the oscillatory phase differences between the beat events and neural
responses became less variable between participants and converged on smaller phase differences
between stimulus and neural responses, similar to those observed in adults (Doelling 2019). Next, we
developed a thalamo-cortical neural model to explore the impact of the early evolution of the inhibition-
excitation balance (Chini, 2022) on the emergence and enhancement of neural responses to the metrical
hierarchy. The modeling results showed that the tilting of the excitation-inhibition ratio toward
inhibition (strengthening of inhibition) in the cortical networks leads to the emergence of the meter
related responses. This study elucidates the development of the neural tracking of auditory rhythm. It
extends the previous neurodevelopmental research on the early neural tracking of rhythm by
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demonstrating its maturation during the third trimester of gestation—a developmental phase
characterized by the rapid structural and functional evolution of the brain.

Abstract 3: How enriched prenatal rhythmic stimulation affect visuospatial attention and non-nutritive
sucking behavior in newborns and 2-month-old infants.

Rhythm -i.e. the repetition of regular temporal patterns that supports the development of expectations-
entrains attention and facilitates perceptual performances in adults (Dynamic Attending Theory, Jones et
al.,, 2002). The ontogenetic origins of this phenomenon remain unexplored, and, considering how
ubiquitous rhythms are in the infants’ perinatal environment, the question is compelling. The human
fetus perceives numerous rhythmic cues within the womb through the auditory, vestibular and tactile
senses (Lecanuet & Schaal, 2002) and the marked rhythmic structure of perinatal sensory/social
experience fosters infants’ communicative and cognitive development (Provasi et al., 2014, 2019). On this
ground, we explored how contingent rhythmic stimulation influences visual attention disengagement and
Non-Nutritive Sucking (NNS) behavior at birth and 2 months, and how prenatal rhythmic enrichment
modaulates these effects. In Study 1a, thirty 24-72-hr-old newborns and thirty 2-month-old infants were
tested in an overlap task where a central stimulus (S1) was followed by a peripheral target (52) and
saccadic reaction times to reach S2 were recorded as measure of attentional disengagement (e.g., Valenza
et al., 2015). The temporal attributes of S1 were manipulated to obtain three within-subjects S1
conditions: the baseline condition, in which S1 remained static on the screen, the rhythmic condition, in
which S1 flickered at a rhythmic rate, and the non-rhythmic condition, in which S1 flickered at a random
rate. The peripheral stimulus was always static and could randomly appear either at the right or the left
of S1 after about 3 seconds of looking times towards S1 (i.e. 4 beats in the rhythmic condition) (Figure 1).
In Study 2, starting from the 29th week of gestation, two groups of pregnant women followed a rhythmic
(G1) or non-rhythmic (G2) enrichment protocol and the visual attentional skills of their infants were tested
in the same gap-overlap task used in Study 1 at birth and at 2 months. In Study 3 (N=43, in progress), NNS
was measured in newborns assigned to G1 and G2 and in a control group of unstimulated newborns
during a silent baseline, and during contingent rhythmic and non-rhythmic acoustic stimulation. Results
from Study 1a showed that at 2 months, but not at birth, saccadic latencies were slower in the non-
rhythmic condition compared to the other two (mixed-models, p<.001) (Figure 2), despite 2-month-olds
showed no preference for any of the S1-stimuli when tested in a pairwise preference task (Study 1b). This
same effect was present in Study 2 only for the newborns assigned to G1 (p=1), who were slower in
disengaging attention from the non-rhythmic-S1 compared to the rhythmic S1, just like the unstimulated
2-month-olds. For this group, the amount of stimulation also predicted overall disengagement latency
(p<.001) (Figure 2). Preliminary results from Study 3 show that NNS is selectively inhibited during non-
rhythmic stimulation in the control group (p=.031), and this effect is modulated by the amount of prenatal
rhythmic enrichment (ps<.04). Results suggest that prenatal rhythmic stimulation is capable of enhancing
postnatal sensitivity to temporal cues and promoting infants’ motor and visuospatial attention abilities.

Abstract 4: The role of the gut microbiome in neural tracking of rhythm and implications for brain
development in premature infants

Laurel J. Trainorl, Sebastian Hunter2, Maya Psaris1, Erica Flatenl, & Brett B. Finlay3

1Department of Psychology, Neuroscience and Behaviour, McMaster University, Hamilton, Ontario,
Canada

2Michael Smith Laboratories, University of British Columbia, Vancouver, BC, Canada

3Department of Microbiology and Immunology, University of British Columbia, Vancouver, BC, Canada
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Perception and action occur over time, and rhythm (i.e., temporal regularity) is a fundamental
organizing principle across these domains. The regularity of rhythms enables organization of incoming
information in real time, future planning, and reduces computational resources. Language and music
structure contain temporal regularity, and the ability to process rhythm is critical for their acquisition.
Thus, it is perhaps not surprising that our recent research shows that even the brains of premature
infants track rhythmic structure in sound (Edalati, et al., 2023) and that this ability improves from 26 to
32 weeks gestation. Several factors likely affect the development of auditory rhythm perception,
including genetically-guided neural maturation and exposure to rhythmic stimuli such as the maternal
heart beat and maternal movement. It is also now clear that brain function is influenced by gut
microbiota, and there is accumulating evidence that early microbiome interactions along the gut-brain
axis may have evolved to promote cognitive functions and behaviors. In a pilot study, we used EEG to
measure neural tracking of the beat of an auditory rhythm in infants at 6 months of age, and correlated
their individual neural responses to an analysis of their gut microbiome using shotgun metagenomics of
fecal samples. While the sample size of this pilot was relatively small, we found positive associations
with pathways related to biosynthesis, degradation, assimilation and generation of precursor
metabolites and energy production (after FDR correction), including branched chain amino acid
biosynthesis and pentose phosphate pathways (Hunter, et al., 2023). Currently, a larger study is
underway in a group of premature infants, to be collected over the next 2 years (200 infants born
between 26 and 33 weeks gestation). Microbiome samples are collected before discharge from the
Neonatal Intensive Care Unit as well as at 2 months corrected age, once infants are in their home
environment. Neural rhythm tracking and rhythmic social engagement (using the method of Lense et al,
2022, which measures the extent to which infant eye movements to the face occur at metrically strong
beats while watching videos of infant-directed singing) are measured at 6 months corrected age. In
addition to demographic and health variables and the Bayley Scales, standardized questionnaires
include the MacArthur-Bates Communicative Development Inventory (CDI), Ages & Stages
Questionnaire, Music@home questionnaire, Early Microbiome Questionnaire, and parents’ Goldsmiths
Musical Sophistication Index (G-MSI). Using modeling techniques, we expect to see associations
between neural rhythm tracking and the gut-brain pathways identified in the pilot study. This research
will extend the findings of our pilot study in elucidating how the gut microbiome relates to rhythm
processing in particular, and cognitive functioning in general. It will also contribute to understanding
potential effects of probiotic treatments in the case of premature infants.

Abstract 5: Prenatal experience of maternal walking rhythm on head postural control

Temporal regularities (tempos) are omnipresent from the earliest age in the physical and social
environment of an infant's life. It is now well documented that fetuses and infants are capable of
perceiving and adapting to the rhythms of their physical and social environment (Provasi et al., 2014) and
that this skill supports their cognitive and social development (Bobin-Bégue, 2019, 2020). From then on,
the question that arises is how this early experience is established. One of the most important and earliest
experiences of tempos during development is the maternal walking rhythm, firstly during gestation and
then during carrying in the postnatal period. The vestibular system is functional fairly early in gestation
(e.g. Lecanuet & Schaal, 2002). In addition, one of the first stages in subsequent development is one that
requires reliance on vestibular information in order to stabilise head posture, in particular to enable the
development of visuomotor coordination. We therefore put forward the hypothesis that at 2 months, the
infant's head support is more effective when the mother, who is carrying the infant, walks at her usual
pace rather than at a faster or slower pace, because the infant has more experience of her mother's usual
walking pace (we assume that this is also the pace that the infant was most often confronted with during
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gestation). One way of verifying this hypothesis is to test whether infants anticipate their muscular control
more when they are carried by their mothers walking at a usual pace compared with a faster or slower
pace. In this study, 17 mothers carried their infants (mean age 57 days) vertically against them while they
walked in a straight line. Using a wireless electromyographic recording device (a method already used in
other infant studies, e.g. Addyman et al., 2016), contractions of the sternocleidomastoid muscle (a muscle
strongly involved in head stability) were recorded synchronously in the infant and their mother. The
recordings were made under 3 conditions, in a counterbalanced order between the participants: a fast,
normal or slow walking rhythm (at her discretion). These recordings were supplemented by video
recordings to check for the absence of artifacts and to associate the different phases of the experiment.
The aim of the analyses is to compare whether the muscle signals from the infant and the mother are
closer when the mother walks at her usual pace. The analyses are about to begin. The data will be pre-
processed using the "eda_clean" function in the neurokit2 package (Makowski et al., 2021). The results of
this study, if they confirm the hypothesis, would support the more general hypothesis that tempo, in
addition to supporting the development of motor and socio-cognitive skills, would support continuity
between mother and child through temporal characteristics (echoed by rocking and singing in parenting
practices). The results of this study will therefore be used to support a larger-scale research project on
the question of a vestibular temporal basis, in the form of tempo, for the establishment of an early
relationship between mother and infant.

Abstract 6: The role of neural entrainment to visual rhythms in the development of selective attention:
a longitudinal study

Research with adults suggests that the ability to selectively attend to relevant rhythmic stimulus streams
in one’s environment is achieved through selective tuning of the brain rhythms to those stimulus
streams (Calderone et al., 2014). In our longitudinal study with infants (n = 140) at the age of 6, 12 and
24 months, we aimed to examine whether similar mechanisms are at place in early development of
selective attention. We used electroencephalography (EEG) to measure infant neural entrainment to
covertly attended visual rhythms at 6 and 12 months, and a visual search task (Mulder et al., 2014) to
measure selective attention at 24 months. We hypothesize that: (1) at 6 and 12 months, neural
entrainment is stronger for relevant visual rhythms, as compared with distractors; (2) neural
entrainment to relevant visual rhythms improves from 6 to 12 months, and; (3) neural entrainment to
relevant visual rhythms at 6 and 12 months predicts selective attention at 24 months. At 6 and 12
months, infants viewed a task in which their covert attention towards one of the two peripherally
presented rhythmic stimuli was cued by the gaze direction of a centrally presented face, while we
measured their EEG. The two peripherally presented stimuli were identical, but flickered at two different
frequencies (~ 3.5, 4.5, 5.5 and 6.5 Hz, depending on the condition). Infants viewed up to 60 trials, which
lasted ~3.5 second each. We expected that infants’ rhythmic brain responses to the frequencies of the
visual rhythms consistent with the gaze direction will be stronger than to the inconsistent ones. At 24
months, the participants perform a computerized visual search task where they are presented with 48
animals on a 6 x 8 grid, and instructed to find as many targets (elephants) as possible while ignoring
distractors (bears and donkeys). The participants complete up to 3 trials, each lasting 40 seconds. We
expected that the scores (the average number of found targets across 3 trials) will be predicted by
measures of neural entrainment to gaze-cued visual rhythms at 6 and 12 months. The EEG data from 6-
and 12-month-olds has already been collected. The data collection at 24 months is in progress (n = 14
children tested so far). Preliminary analyses on a subset of 6-month-olds (n = 73) suggest that at that
age, infants do not yet neurally entrain more strongly to relevant rhythms (W(1)=0.91, p=0.34in a
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Wald test in a mixed-effect model analysis). The presentation will include updated and longitudinal
analyses on data from 6-, 12-, and 24-month-olds.

Abstract 7: Linking vestibular, tactile, and somatosensory rhythm perception to language
development in infancy

First experiences with rhythm occur in the womb, with different rhythmic sources being available to the
human fetus. Among sensory modalities, vestibular, tactile, and somatosensory perception (VTS; Provasi
et al., 2014) plays a crucial role in early processing (Phillips-Silver & Trainor, 2005; Tichko et al., 2021).
Specifically, the VTS system is the first to develop in utero (Bremner & Spence, 2017) and it contributes to
the perception of rhythmic signals from intrauterine and extra-uterine environments through bone
conduction (Sohmer et al., 2001; Granier-Deferre et al., 2011). Therefore, ‘hearing’ firstly occurs through
VTS mechanisms shaping infant rhythmic experience in early stages of development (Phillips-Silver &
Trainor, 2005; Rocha et al., 2021). However, a restricted corpus of studies focused on VTS rhythms in
language development. Rhythmic discrimination abilities are part of a cognitive process that implies the
extraction of hierarchical patterns of strong and weak beats alternating in time (Fitch, 2013), a cognitive
ability that is crucial in processing rhythmic signals such as music and speech (Kotz et al., 2018). Therefore,
testing this cognitive ability across sensory modalities will help to shed light on the extent to which
rhythmic abilities might be considered as a set of general, cognitive and perceptual skills serving the
processing of a vast range of signals (including music and language). On this ground, the present work
investigated VTS rhythmic abilities and their role in language acquisition through two experiments with
45 infants (21 females, sex assigned at birth; M age = 661.6 days, SD = 192.6) with middle/high
socioeconomic status. Thirty-seven infants from the original sample completed Experiment 1, assessing
VTS rhythmic abilities through a vibrotactile tool for music perception. The vibrotactile, music-
transduction system was specifically developed for this Study by adapting, for the first time to our
knowledge, the Model Human Cochlea from Karam et al. (MHC, 2009) for infant subjects. The system
translates auditory information into vibrotactile stimuli using two channels of voice-coils embedded in the
seat-back of an infant high-chair. A frequency-based projection was chosen to resemble the tonotopic
organization of the human cochlea, since the physical proximity to a sound source consists of the same
energy (vibratory) used to encode auditory stimuli (Ammirante et al., 2016). In Experiment 2, linguistic
abilities were evaluated in 40 participants from the same cohort, specifically testing phonological and
prosodic processing. Discrimination abilities for rhythmic and linguistic stimuli were inferred from changes
in pupil diameter to contingent visual stimuli over time, through a Tobii X-60 eye-tracker (Hepach &
Westermann, 2016; Math6t, 2018