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Infant research with EEG and OPMs
Understanding early development 

Cognitive, motor, and social skills develop at a breath-taking rate in early 
development. 

Understanding the neural underpinnings
that drive these developmental changes is 
crucial to advance our knowledge on early 
development.
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– infants’ smaller head sizes lengthens the 
distance between their brains and the 
MEG sensors in adult MEG helmets

 leads to weaker magnetic signals being 
measured, and the spatial resolution can 
be severely compromised due to the 
lower signal-to-noise ratios

- SQUID-MEG requires cryogenic cooling and is therefore very costly
and typically only available with adult-sized helmets

- Only a handful labs in the world own child-/infant-sized SQUID-
MEG systems

Figure adapted from natmeg.se
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Challenges with SQUID-based MEG

Figure adapted from natmeg.se; Kao & Zhang, 2029



 Inhomogeneity: signal recorded at the side 
closest to the MEG helmet would be the 
strongest, and the weaker signals would be 
measured at the opposite side further away 
from the helmet

- SQUID-MEG requires cryogenic cooling and is therefore very costly
and typically only available with adult-sized helmets

- Only a handful labs in the world own child-/infant-sized SQUID-
MEG systems

Infant research with EEG and OPMs
Challenges with SQUID-based MEG

Kao & Zhang, 2029

Figure from UT Southwestern



Infant research with EEG and OPMs
OPM-MEG with babies

Advent of optically-pumped magnetometers (OPMs) 

• alternative to cryogenic MEG
• opened new avenues for infant MEG research
• sensors do not require cooling and can be placed flexibly 

close to the head

MEG

Boto et al., 2018; Boto et al., 2022; Hillebrand et al., 2023; Zhao et al., 2023



Development of a novel set-up that allows measuring brain of infants 
We designed 3D-printed OPM headrests tailored to different head sizes
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Development of a novel set-up that allows measuring brain of infants 
We designed 3D-printed OPM headrests tailored to different head sizes

Infant research with EEG and OPMs
OPM-MEG with babies

32 OPM sensors distributed over occipital, 
parietal, temporal and central areas



Proof-of-principle study with 4- to 6-month-old infants (N = 50)
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OPM-MEG set-up to measure infant brain activity



Testing 4- to 6-month-old babies
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Infant research with EEG and OPMs
Additional research questions addressed with OPM-MEG paradigms

Research Question: How do visual and auditory statistical learning develop in infancy? (Ailan Kalledat)

Adapted from Siegelman et al., 2018; brain icon from Vojtěch Hrček according to CC BY-SA 4.0

Paradigm: Frequency Tagging



Infant research with EEG and OPMs
Additional research questions addressed with OPM-MEG paradigms

Research Question: Does Rapid Invisible Frequency Tagging (RIFT) reliably elicit a neural response in infants? 
(Jelmer Luijt)

Paradigm: RIFT

Figure by Seijdel, Marshall & Drijvers (2023)
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Differences compared with studies on adults

Adults
typically instructed not to move and 
to reduce eye-movements to a 
minimum 

Infants
cannot be instructed so that (large) 
movements during infant EEG 
recordings are unavoidable
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Movements and their artifacts in infant EEG

Adjusted from Hoehl, S., & Wahl, S. (2012). Developmental neuropsychology, 37(3), 187-209.
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Movements and their artifacts in infant EEG

Adjusted from Hoehl, S., & Wahl, S. (2012). Developmental neuropsychology, 37(3), 187-209.

Typical examples
• Kicking with their feet
• Turning (to caregiver)
• Crying
• Laughing
• Sucking on pacifier or hand
• Pointing
• Pooping



Infant research with EEG and OPMs
Movements and infant M/EEG research

Video by Francis Vachon (www.francisvachon.com)

How to measure movements in infants?

©2022 Kanazawa et al



Measuring movements
• Manually coding movements from video
• Marker-based motion-tracking
• Markerless motion-tracking
• Inertial motion-tracking

Bruschetta et al. (2025, Diagnostics); Van Schaik & Dominici (2020, Progress in Brain Research)
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Measuring movements
• Manually coding movements from video
• Marker-based motion-tracking
• Markerless motion-tracking
• Inertial motion-tracking

De Kloe et al. (submitted); Bruschetta et al. (2025, Diagnostics); Van Schaik & Dominici (2020, Progress in Brain Research)

Infant research with EEG and OPMs
Movements and infant M/EEG research

https://archive.mpi.nl/tla/elan
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Movements and infant M/EEG research

Video by Francis Vachon (www.francisvachon.com)

Movements

Artifact in the signal Signal of interest
• Reduce movements
• Exclude movements

• Use movements



Infant research with EEG and OPMs
Reducing movement artifacts during data acquisition

Design choices to reduce movements
• Seating infants in an infant car seat
• Tilting the screen so that infants can lean back
• Folding infants in a blanket (“baby burrito”)



Infant research with EEG and OPMs
Excluding movement artifacts during data processing

Figure from Georgieva et al., (2020). Frontiers in Neuroscience

Large arm movement

Eye-blink



Infant research with EEG and OPMs
Excluding movement artifacts during data processing

Large arm movement

Eye-blink

Examples of dealing with movement artifacts in developmental studies 
• Excluding noisy data during EEG artifact rejection based on (amplitude) thresholds

Figure from Georgieva et al., (2020). Frontiers in Neuroscience



 Captures large movements but potentially not 
smaller ones

 Agnostic about movements 
 Determining standardized threshold in infant EEG 

remains difficult
 Potentially high data loss
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Excluding movement artifacts during data processing

Examples of dealing with movement artifacts in developmental studies 
• Excluding noisy data during EEG artifact rejection based on (amplitude) thresholds

Large arm movement

Eye-blink

Figure from Georgieva et al., (2020). Frontiers in Neuroscience



Infant research with EEG and OPMs
Excluding movement artifacts during data processing

Fujioka et al., 2011; Georgieva et al., (2020). Frontieres in Neuroscience; Mourad et al., 2007

Examples of dealing with movement artifacts in developmental studies 
• Using automatic correction approaches, like ICA, Artifact Blocking etc. to correct rather than reject 

data

Figure from Fujioka et al., (2011)

 Might fail for less stereotypical artifacts as 
observed in infants (Georgieva et al., 2020)

 Correction might still remove meaningful neural 
data or distort the signal



Examples of dealing with movement artifacts in developmental studies 
• Excluding video-coded movements before further preprocessing steps1,2

Infant research with EEG and OPMs
Measuring movements – manual video coding

Meyer et al., (2022). Journal of Experimental Child Psychology; https://archive.mpi.nl/tla/elan

https://archive.mpi.nl/tla/elan


Examples of dealing with movement artifacts in developmental studies 
• Excluding video-coded movements before further preprocessing steps1,2

Infant research with EEG and OPMs
Measuring movements – manual video coding

Meyer et al., (2022). Journal of Experimental Child Psychology; https://archive.mpi.nl/tla/elan

 Video-coding is resource-heavy
 Movement exclusion is dependent on video-coding 

scheme and its reliability
 Considerable data loss
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Measuring movements – manual video coding

 Video-coding is resource-heavy
 Movement exclusion is dependent on video-coding 

scheme and its reliability
 Considerable data loss  some studies tested for condition-differences in the amount of 

movement and, if no difference was present, left movements in the data

Examples of dealing with movement artifacts in developmental studies 
• Excluding video-coded movements before further preprocessing steps1,2
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Infant research with EEG and OPMs
Excluding movements during data processing

Stay tuned!

Ongoing research keeps developing improved 
movement artifact methods for infant 

electrophysiological data
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Movements and infant M/EEG research

Video by Francis Vachon (www.francisvachon.com)

Movements

Artifact in the signal Signal of interest
• Reduce movements
• Exclude movements

• Use movements
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Topics of research that focus on movements in infant EEG

• Studying the sense of agency
• Better understanding the neural underpinnings of motor development
• The role of movements in action perception research
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Chung et al., (2022). Journal of Experimental Child Psychology

Better understanding the neural underpinnings of motor development

Neural response related to a simple grasping movement in 9-month-olds
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Chung et al., (2022). Journal of Experimental Child Psychology

Neural response related to a simple grasping movement in 9-month-olds



Infant research with EEG and OPMs

Familiar and novel actions at 9 months

Better understanding the neural underpinnings of motor development

Chung et al., (2022). Journal of Experimental Child Psychology

Neural response related to a simple grasping movement and novel tool-use movements in 9-month-olds
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Better understanding the neural underpinnings of motor development

Chung et al., (2022). Journal of Experimental Child Psychology

Novel action (cane-use) elicits mu suppression over central and occipital sites

Neural response related to a simple grasping movement and novel tool-use movements in 9-month-olds



Infant research with EEG and OPMs
Better understanding the neural underpinnings of motor development

Meyer, M., Braukmann, R., Stapel, J. C., Bekkering, H., & Hunnius, S. (2016). British Journal of Developmental Psychology

Changes in neural motor response to grasping with age



Changes in neural motor response to grasping with age

Infant research with EEG and OPMs
Better understanding the neural underpinnings of motor development

8-month-olds 
• show Mu but not Beta power suppression during 

execution
14-month-olds
• show Mu and Beta power suppression during execution

Overall 
• Mu and Beta bands shift to higher frequencies with age

Meyer, M., Braukmann, R., Stapel, J. C., Bekkering, H., & Hunnius, S. (2016). British Journal of Developmental Psychology
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Topics of research that focus on movements in infant EEG

• Studying the sense of agency
• Better understanding the neural underpinnings of motor development
• The role of movements in action perception research



Neural Mirroring: Similar brain activation during action execution & observation
[Rizzolatti & Craighero, 2004; Marshall & Meltzoff, 2011; Vanderwert, Fox & Ferrari, 2012]

Infant research with EEG and OPMs
The role of movements in action perception research



Participants: 
- 9-month-olds (range: 8- to 10-month-olds)

Procedure (live): 
Within-subjects conditions

• Action observation, action execution 
• 20 trials each

Meyer, Chung, Debnath, Fox & Woodward, (2022), Journal of Experimental Child Psychology

EEG study with infants

Infant research with EEG and OPMs
The role of movements in action perception research



ObservingActing
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The role of movements in action perception research

Meyer, Chung, Debnath, Fox & Woodward, (2022), Journal of Experimental Child Psychology



ResultsInfant research with EEG and OPMs
The role of movements in action perception research

Meyer, Chung, Debnath, Fox & Woodward, (2022), Journal of Experimental Child Psychology

9-month-old infants activate their neural motor system when they observe others’ actions



Does social context matter for neural processing of others’ actions?

Passive observation Observation during social interaction

Infant research with EEG and OPMs
The role of movements in action perception research



Neural motor activity is enhanced when…

• …9-month-olds observe actions when engaged in turn-taking

Meyer, Chung, Debnath, Fox & Woodward, (2022); Meyer et al., (2011); Meyer, Endedijk, Hunnius (2020) 
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Neural motor activity is enhanced when…

• …9-month-olds observe actions when engaged in turn-taking
• …3-year-olds observe actions of a joint action partner 
• …4-year-olds observe an action with the intention to imitate it

Being actively engaged in a social interaction boosts young children’s processing of 
others’ actions.

Infant research with EEG and OPMs
The role of movements in action perception research

Meyer, Chung, Debnath, Fox & Woodward, (2022); Meyer et al., (2011); Meyer, Endedijk, Hunnius (2020) 



Movement kinematics 

• contain information about emotions and intentions of the actor
• vary in a communicative interaction dependent on the social partner

Infant research with EEG and OPMs

“something in the way you move”

The role of movements in action perception research



Meyer, van Schaik, Poli & Hunnius, (2023) Developmental Science 

How do movements draw infants’ attention and facilitate their learning?
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How do movements draw infants’ attention and facilitate their learning?

Infant research with EEG and OPMs
The role of movements in action perception research

Meyer, van Schaik, Poli & Hunnius, (2023) Developmental Science 

Variability in movements rather than larger movements enhances infants‘ frontal 
theta power, associated with attention in IDAs

Children with higher theta power are more 
likely to perform target action successfully



How do movements draw infants’ attention and facilitate their learning?

Infant research with EEG and OPMs
The role of movements in action perception research

Meyer, van Schaik, Poli & Hunnius, (2023) Developmental Science 

Information theoretic surprise induced by movement variability 
predicts infants’ theta power



Infant research with EEG and OPMs
Using movements as focus of interest

Topics of research that focus on movements in infant EEG

• Studying the sense of agency
• Better understanding the neural underpinnings of motor development
• The role of movements in action perception research

• ...YOUR research!



Thank you for your attention

Thanks to 
all participating families and the BabyBRAIN research group



Questions?
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