
EVENT CLASS n dur (s) Top-1 
Accuracy

Top-2 
Accuracy

SOOTHING 75 816.17 85.33% 97.33%

BREASTFEEDING 53 1452.49 50.94% 90.57%

sCD

Validation
Recordings

Daylong
Recordings

N 33 68

Mothers’
Age

16-40yrs
M=25.16, SD=7.05

15-39yrs
M=25.27, SD=7.19 

Infants’
Age

0-14mos 
M=7.09, SD=4.29

0-14mos
M=7.44, SD=3.66 Hidden Markov

models test
contingency
between event
types.
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3C. Naturalistic Audio Event Detection (Human in the Loop)

BREASTFEEDING

IDENTIFIED MIEs

BREASTFEEDING

SOOTHING

ASSESSING

EATING

REMOVING FROM
REBOZO

ENTERING THE
REBOZO

REPOSITIONING IN
REBOZO

WALKING

GREETING

LAYING DOWN

BREASTFEEDING REPOSITIONING SOOTHING ASSESSING

1. Potential avenues from training the model
Further developmentally meaningful structure may be
derived from acoustic data alone (e.g., choreography of
events and co-occurrences).
   

2. More focus on embodied practices
Insights into infant-caregiver attunement beyond
psychological aspects centered in Attachment Theory.   11 12

Co-occurrence of breastfeeding and soothing suggests
feeding may serve an attachment and regulating
function.12

3D. NEXT STEP: Contingency Analysis

Video of
elicited dyadic
interactional
events

Audio recorded
via recorder worn
by infant on
mother’s back 

Preliminary support for feasibility of identifying
meaningful interactional events using audio-only data.

Certain MIEs have more readily identifiable acoustic
signatures (e.g., Soothing and Breastfeeding),
resulting in better detection (Table 3).

The classifier continues to be refined to better detect
MIEs with rustling in the acoustic signature, and
improve its detection of identifiable MIEs.

 

This nevertheless provides a novel method to extend
understanding of developmental conditions and
interactive behavior beyond face-to-face contexts.

Validation
recordings are
imported into 
ELAN software.  10

Trained coders
segment and 
label audio clips
using simultaneous 
video as reference.

3B. Model Evaluation

Classification accuracy calculated
on test set (remaining 30%).

1. Candidate audio events detected in daylongs.

2. Human coders manually check clips.

3. Validated events used to refine classification.

Features and acoustic templates extracted from 70% of
human-annotated audio clips.

3A. Feature Extraction & Training

Collecting validation
recordings of elicited
dyadic Meaningful
Interactional Events (MIEs)
provides a gold standard
against which model
predictions are evaluated.

2A. Validation Recordings
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Hidden communication: A machine learning
approach to analyzing caregiver-infant
contingency in babywearing contexts

Healthy infant development depends on
responsive, attuned caregiving.  1

Universal caregiver-infant interactional behaviors
include gaze, vocalization, and touch.  2 3

Current conceptualization of caregiver-infant
contingency largely draws from Western
caregiving contexts emphasizing face-to-face
interaction.  4 5

Existing measures assessing skin-to-skin contact
and synchrony are not suited to baby-wearing
contexts, where contact is hidden, gaze is
minimal, and communication is embodied.   6 7

We use a human-in-the-loop machine learning
pipeline developed for long-form audio
recordings: humans code validated event
categories in video-accompanied audio
segments, which serve as training data for a
classifier detecting events in daylong
audiorecordings.9

METHODOLOGY

FUTURE DIRECTIONS

BACKGROUND

INITIAL OBSERVATIONS
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From Tseltal-speaking households in Chiapas,
Mexico, where infants are carried in rebozos
until they can walk and talk. ACKNOWLEDGEMENTS

RESEARCH QUESTION
Can we use machine learning to identify
meaningful interactional events from noisy
naturalistic audio streams?

Figure 1. Tseltal mother carrying infant on her back.

Figure 2.
Recording
devices inside
the rebozos.

Thanks to Humbertina Gómez Pérez, Antonieta López
Santiz, Petrona Girón López, Marisa Casillas, Dan Byrne,
Sarah Goodman, & The Center for Gesture, Sign, and
Language at The University of Chicago for funding.

Table 3. Model evaluation: Sample interactional event
classes and initial classification accuracy.

PARTICIPANTS

1. Daylong Recordings & Interviews

Recording devices are worn by infants in the
pockets of custom vests inside the rebozo
(sling in which the infant is carried);
recording a naturalistic audio stream over a
24-hour period then used in analyses.

Interviews conducted with mothers
are analyzed to iteratively
determine meaningful interactional
events (MIE) occurring within the
dyad throughout the day.

1A. Recording the Day 1B. Interviews with Mothers

2. Validation Recordings & Coding Process

Figure 3. Entering the rebozo:
Process of the caregiver placing
the infant in the rebozo.

Figure 4. ELAN coding process.

2B. Interactional Event Labeling

Figure 5. Labeling process.

3. Machine Learning Process

Table 1. Participants.

Table 2. Meaningful
interactional event
(MIE) categories.
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