2022 2023

Computationally analyzing the hierarchical complexity of infants" social
coordination on multi scales in natural daily life to investigate infants”
cognitive development

Computationally analyzing the hierarchical complexity of infants® social
coordination on multi scales in natural daily life to investigate infants®
cognitive development

LI, JIARUI

1,800,000

D
2) 3)

This project uncovered insights into how babies learn social interactions. It offers fresh
perspectives on improving Al technologies by taking into account human factors, like training over
different time scales. It also suggests principles for better caregiving in real-life situations.

This project aims to quantify the social cues of multi-modality on
multi-scales in the natural interaction between infants and their caregivers. To achieve this
target, a multi-time scale framework was proposed for the vocal-prosodic alignment, which was used
to analyze the natural day-long audio recordings. The results reveal that infants®™ and mothers®
vocal coordination patterns are different on each timescale with cultural differences. Furthermore,
the alignment analysis was extended to the vocal-emotional level. Results reveal that 9-month-old
English-spoken infants and their caregivers also align on the emotional level. Also, the interaction

was investigated on the cardinal modality, which reveals that the circadian rhythms from both
parties are closely related to the mental states of the mothers. These findings stress that 1)
Infants received varied auditory cues from the environment on multi-time scales. 2) The alignment
happened on multi-levels 3) and across multi-modality.
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Infant actively participates in social exchanges with others early in their lives. However, it is still
unclear how they coordinate the received complex cues with others to develop their social interaction
abilities at an amazing speed. Past research investigated this question in a single modality and limited time
scales, which ignored 1) the infant’s ability to combine multiple modality cues and 2) the differences in the
coordination patterns on different time scales.

Benefit from the well-developed portable devices and Al techniques, infants’ natural interaction
environments with complex and massive data that in-lab experiments can not present is possible to be
revealed. Thus, this project aimed at quantifying the interactive process in the natural daily life interaction
by introducing advanced computational techniques.
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This project aims to answer three questions: 1) What cues in which modality do infants and
caregivers coordinate in the natural social-interactive environment? 2) Do the coordination patterns present
different patterns on different time scales? 3) How does the coordination link to the mental states and
cognitive processes?
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Multi-modality cues are extracted and classified using . Ned
different computational models. First of all, the multi-time scales 150 .
analysis framework was proposed to quantify the vocal = 51 g
coordination patterns between infants and caregivers during [i]'”: Sty
natural daily interactions. In the framework, the local and global Y " i
coordination patterns in vocal exchange blocks are analyzed
separately to reveal the differences across scales. 0
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Secondly, a pre-trained deep-learning model was introduced to
quantify the coordination between the two parties on a higher level, . I
i.e., the vocal-emotional level. The model quantifies the distances £ ;
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categories, which avoids the problem of the hardness of labeling
an infant’s emotions.

Thirdly, in addition to investigating the behavioral
modalities, this project also investigated the cardiac interactions
between infants and their caregivers at a day-long time scale. To
achieve this, the Recurrence Plot method, which is capable of
quantifying the periodical patterns in the dynamical data, was
introduced.
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Firstly, as shown in Fig.1, the Tseltal-spoken infants’ and
caregivers’ vocalizations are coordinated differently on each
timescale. On a global scale, infants and mothers react sensitively ~Fig. 1 Multi-time scale vocal alignment
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Fig. 2 Vocal-emotional alignment between infants and their caregivers



to each other’s vocalizations. Their conversation length varies across a day with a decreasing tendency. On
a middle scale, infant caregivers' prosodic alignments increase over multiple turns in a conversation,
indicating a continuous influence between them. Finally, more fine-grained analyses found that pitch-
related features and pitch contours are aligned in each turn. The multi-scale analysis reveals the complexity
of infant-caregiver interaction in the natural social environment, which inspires us to investigate the benefits
of alignment in infants’ language learning at different timescales. However, this tendency is not consistent
across cultures. When using the same framework to analyze a Canadian-English corpus, the alignment was
only found on a local scale but not on a conversational scale.

Secondly, as shown in Fig.2, the emotional alignment analysis reveals that the 9-month-old English-
spoken infants and caregivers align their vocal emotions in natural interactions. While infants showed less
variability in vocal emotions than their caregivers, the variabilities of both parties were positively correlated
at the family level, indicating the role of parental vocal emotions in facilitating infant vocal emotions. These
findings provide insight into the early interactions of vocal emotions in family conversations and highlight
the significance of the quality of caregivers' vocal expressions, i.e., the displayed emotional variability.
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Fig. 3 The circadian rhythms of the cardiac activities predict the mother’s parenting stress

Thirdly, as Fig.3 shows, the Recurrence Plot is used to visualize the circadian rhythm of the day-
long cardiac data and mutual physiological regulation between the children and their caregivers. An
unsupervised machine learning model was trained using the recurrence plots, and the result shows that
mothers’ parenting stress is predictable by their own cardiac activities as well as by the interactive partner,
i.e., their children.

The findings of this project reveal that 1) infants received varied auditory cues from the environment
on multi-time scales. 2) The alignment happened on multi-levels and 3) across multiple modalities.
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