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Instructor-learner brain coupling discriminates between
Instructional approaches and predicts learning
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Socratic dialog

Please go across the field and pick ; _
one most beautiful flower. P.S. No What is happiness?
going back. Only once.

\ )
Is this the most beautiful one? g, ' How about this?

When | walked across the field, | picked this
This is happiness.
flower when | saw it. | told myself that this is the
most beautiful one. Of course, | saw many

beautiful flowers afterwards. But | still believe

that the flower in my hands is the most

beautiful one. So | bring it to you now.



UNIVERSITE
(I W:] LIBRE
DE BRUXELLES

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).
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How the human brain supports interactive learning?
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Two-person neuroscience

‘Hyperscanning’
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Interpersonal brain synchronization (IBS)
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Brain-to-brain coupling tracks interactive learning

A

neuroscience classroom EEG recordings (11 days) student-led
crash-course 14y 331313 LI0N93 NNYNY NUTNNY FUNNA NINNN (UNNY AUANY ANNNY 0 research project

B D

1 MW vla"""~'\
A\ LA A

Total Interdependence

student 3-4

pfo-ciass baseline ' post-class basabne N A AsAAA A
settp | facing | facng | romie sl video onche: S aaion | facing | facng | Pl A N
wall pairs reads aloud | lecturas ‘ discussion palrs wall ) '. S XF NN
10 min 2 min 2min 3 min 2 min § 2 min N 2
L 7.\ I\ L / Total Interdependence
student 1 -2
[ & students
teacher 1 3 WA 4 WA
4 4 3
\/ U I\ :
o\~
oy Pt - - 4’"\ \“‘\'-‘
O Y i

—— ] S e N s 1 WA 5 TS
e —— L e ——— . / 2

‘ - J I A ?_ J

Total Interdependence
Student 1 -5

Bevilacqua et al., JOCN, 2019; Dikker et al., Curr Biol,

V///4
&
421593

*

®
T

2017



WORM4,
UNIVERSITE §‘*,\
DE BRUXELLES P

Brain-to-brain coupling tracks interactive learning
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Teacher

Student

Time

Zheng et al., HBM, 2018
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Brain-to-brain coupling tracks interactive learning
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Verbal instruction
(e.g., instructional approaches)

Instructor Learner

ICAP framework for the scaffolding and explanation instructions

Scaffolding Explanation

Interactive | Constructive
Active Passive Active Passive

Low [ Hih

Cognitive engagement

Chi and Wylie, 2014
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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)
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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

Instructor fNIRS hyperscanning

* Informed consent * Instruction (block 1)

» Psychological scales « Break

* Training * Instruction (block 2)
Two days * Post-test

Learner —

* Informed consent
* Psychological scales
* Pre-test
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Adapted /

Non-adaped

Vla reward’~

Order counterbalanced

Learner

Gol m

How can one enoourage “Near- transfer is defined |
oer'am behavior?”
Instru cfor RSP

Learner

‘\ORMA >

Y-P‘ST C,l/,

-f@;;,/“

=
AprsyaNS



V///4
&
421593

*

UNIVERSITE $ o
&

DE BRUXELLES 2

®
T

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

Instructor Learner

Preprocessing Wavelet Transform Coherence

Principal
component
spatial filter-
ing and
Correlation
Based Signal
Improvement

Interpersonal brain
Synchronization (IBS)
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Wavelet function: Morlet wavelet

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.
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Behavioral performance
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(Post - pre)

@ Scaffolding
® Explanation
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Interactive learning induces frequency-specific widespread brain-to-brain coupling
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Interactive learning induces frequency-specific widespread brain-to-brain coupling

Determination of frequency of interest (FOI):

Temporal structure of a trial

Previous studies using the same paradigm

Task vs. rest across frequencies

Real pairs vs. null distribution of random pairs, permutation
Direct conditional comparisons across frequencies

akrwbdE

Pitfall:

Double dipping:

Step 1. Conditional comparison (to determine FOI)
Step 2. Using this FOI for conditional comparison
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Instruction modulates brain-to-brain coupling within instructor-learner dyads

A Main effect of Instructional Strategy
(FOI = 0.45 - 0.57 Hz)
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Linking instructional behaviors with brain-to-brain coupling

Brain-to-brain coupling >

Brain-to-brain coupling
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Scaffolding
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Asking key question
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Defination

..what is your understanding of transfer?

Near-transfer is defined by...

Hints

Clarification

..and relation between bird and dove?

Near- and far-transfer have a common point...
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Linking instructional behaviors with brain-to-brain coupling
Scaffolding Adapted scaffolding Non-adapted scaffolding
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Decoding instructional strategy from brain-to-brain coupling
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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)

?-“ORMA N

AST
0 ¥ Ay,

¢,

Apsua



UNIVERSITE

DE BRUXELLES

Limitations

- Spatial resolution
- Regions of interest

- Statistical power
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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
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