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Interactive learning

Much of human learning emerges as a result of interaction with others 
(Marchiori and Warglien, Science, 2008; Verga and Kotz, 2019; Pan et al., 2018).

How the human brain supports interactive learning?



Two-person neuroscience

‘Hyperscanning’

Interpersonal brain synchronization (IBS)



Brain-to-brain coupling tracks interactive learning

Bevilacqua et al., JoCN, 2019; Dikker et al., Curr Biol, 2017 



Brain-to-brain coupling tracks interactive learning

Zheng et al., HBM, 2018



Brain-to-brain coupling tracks interactive learning

Pan et al., NeuroImage, 2018
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Verbal instruction

(e.g., instructional approaches)

Instructor Learner

Chi and Wylie, 2014



Research questions

- Whether instructional approaches modulate brain-to-brain 

coupling during interactive learning? (Wavelet Transform 

Coherence analysis)

- Whether brain-to-brain coupling is specifically driven by certain 

instructional behavior? (Video coding analysis)

- To what extent scaffolding strategies can be distinguished from 

explanation strategies in the neural data? (Decoding analysis)



Methods

- Participants. 48 females, 24 dyads

- Materials. Two sets of psychological concepts (reinforcement and transfer)

- Experimental factors: 

- Instructional Strategy (Scaffolding vs. Explanation)

- Instructional Personalization/Adaptation (Personalized vs/ Non-personalized)

Visit 1 Visit 2

fNIRS hyperscanning

• Instruction (block 1)

• Break

• Instruction (block 2)

• Post-test

Instructor

• Informed consent

• Psychological scales

• Training

Learner

• Informed consent

• Psychological scales

• Pre-test

Two days





Interpersonal brain 

Synchronization (IBS)

Wavelet function: Morlet wavelet

Preprocessing

Instructor Learner

Also refer to: Zhang, X., Noah, J. A., Dravida, S., & Hirsch, J. (2020). Optimization of wavelet coherence analysis as a measure of neural synchrony during 

hyperscanning using functional near-infrared spectroscopy. Neurophotonics, 7(1), 015010.

1. Global effect (heart-beat, respiration, blood pressure, etc)

2. Motion artefacts



Behavioral performance



Interactive learning induces frequency-specific widespread brain-to-brain coupling



Interactive learning induces frequency-specific widespread brain-to-brain coupling

Determination of frequency of interest (FOI):

1. Temporal structure of a trial

2. Previous studies using the same paradigm

3. Task vs. rest across frequencies

4. Real pairs vs. null distribution of random pairs, permutation

5. Direct conditional comparisons across frequencies

Pitfall:

Double dipping: 

Step 1. Conditional comparison (to determine FOI)

Step 2. Using this FOI for conditional comparison



Instruction modulates brain-to-brain coupling within instructor-learner dyads



Linking instructional behaviors with brain-to-brain coupling



Linking instructional behaviors with brain-to-brain coupling



Decoding instructional strategy from brain-to-brain coupling



Discussion

- Using two brains to study learning and instruction (two-person 

educational neuroscience)

- The role of prefrontal and temporal cortices in brain-to-brain 

coupling (shared intentionality, predictive coding)

- Linking brain imaging findings to pedagogical practice (favoring a 

constructivist approach)



Limitations

- Spatial resolution

- Regions of interest

- Statistical power



Take home messages

- Verbal instruction modulates instructor-learner brain coupling: 

Scaffolding vs. Explanation elicited larger brain coupling;

- Such brain coupling enhancement was driven by dynamic 

scaffolding representations;

- Instructor-learner brain coupling (compared to individual brain 

activation) was successfully used to classify instructional 

approaches 


