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Who is paying attention in class”?

From subjective to objective evaluation
Teacher observation / student self-report

Subijectivity, social desirability ...

Behavioral metrics
Image by DeepAl Facial expression, eye-tracking ...

“The classroom is an ideal starting

point for real-world neuroscience. It
provides a practically important and
ecologically naturalistic context but
also a semi-controlled environment, Bio-signal sensing

governed by a sequence of activities PPG, GSR -> EEG ... [BCI]
led by a teacher. ”

Dikker et al. Curr Biol 2017
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The inter-brain perspective for describing neural
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A reliable, selective and time-locked activity in many brain
| " N1 1" areas, including some regions that show little response
modulation in most conventional experimental protocols.”
Hasson et al. TICS 2009

' " Inter-brain coupling provides a model-free method to
characterize neural responses in naturalistic scenarios with
Hasson et al. Science 2004 complex and dynamic events that cannot be easily coded.

Nastase et al. SCAN 2019 Y4
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Study 1
Inter-brain coupling for academic performance
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Study 1
Inter-brain coupling for academic performance

..................

» i M . O
8 §/_\_/ across time ]
} © L T—~—" i A B C D
b~
& S S— 5
: B
A B I g —\_/f\ £
e A B C D
100 : : : >
& 0 ©°.
e o5 . 2 2
S o o0’
= © 0% . 70” ©
o 90 2%
- s O
2 Wl °
S 85 ¥ i
= r=0.436
L % o p=.020
@ n=28
<(() B o

0 005 01 015 02 025
Inter-brain attention coupling



Study 1
Inter-brain coupling for academic performance

100

95

Academic performance
oo
6}

e course of attention level c §
. j' A EF-'"\-_-;:{--' averaged E:g-
7 B i /’_\/ across time c% é
§ o |~ | Ae o o
) D E ’\_/r\ E
ooo — e correlation %
—- g
8 c class-average —\_/f\ £
e A B C D
; 100
0% ©°-° o) oo © ¢ -~
O -
o] © -’ O P
o __~ c 95 S -
®e®, . 0" @ £
PR 6o %L -%
s O T o
o~ O @
Q. g5
© o Q O (o]
r=0.436 £ o0l r=0.173
° p=.020 Z o p=.379
n=28 ) n=28
o b
o < 7 o
0 0.05 0.1 0.15 0.2 0.25 40 50 60 70

Inter-brain attention coupling

Single-brain attention level

12



Study 1

Interim Summary
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- One’s inter-brain attention coupling was positively correlated with academic
performance: higher performances are associated with higher coupling to the
class-average attention dynamics

 The inter-brain coupling outperforms as an indicator of academic
performance compared with the widely-used single-brain attention level

- Class-average as a good reference for effective learning

Chen et al. Education Tech Research Dev 2024 (Ours)
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Class-average as a good reference for effective learning?
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Class-average as a good reference for learning knowledge in a variety of fields:

neuroscience, computer science, brain science, etc.

Meshulam et al. 2021 further suggest class-average is similar to ‘expert’

Can we generalize the finding to all types of courses?
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Hypotheses
For Math sessions (Hard): class-average as a good reference of effective learning

The higher the inter-brain coupling to the class average, the better the academic
performance

For Chinese sessions (Soft): top students as a good reference of effective learning

The higher the inter-brain coupling to the top students, the better the academic
performance

Student-class coupling Student-top coupling
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Discipline specificity of the inter-brain couplings
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Discipline specificity of the inter-brain couplings
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Discipline specificity of the inter-brain couplings
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With the teachers recorded

EEG collection
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Student-teacher coupling for academic performance

With the teachers recorded
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Xu et al. preprint online, doi: 10.1101/2024.05.08.593270 (Ours)

RQ: How will student-teacher
coupling reflect students’
academic performance?

Recording of multiple
semesters: 4,175 longitudinal
EEG recordings from 107 junior
and senior students across 393
regular Chinese and math

classes
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A dynamic perspective: How do students improve (by student-teacher interaction)?

Leveraging longitudinal data spanning three semesters in real classrooms to
elucidate the impact of student-teacher inter-brain coupling on learning outcomes

Student-teacher coupling could be an effective indicator of score and score change

Positive correlation between ATl and score change: increased student-teacher

couplings (interaction) could have a positive impact on students’ future
academic performance
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« Students’ EEG activities could be a good reference for effective learning
« The definition of ‘good reference’ depends on the discipline

- Teacher’s EEG could be a good reference for effective learning as well, with a
possible casual influence across semesters.

+ Portable EEG and real classroom data could be used for brain-computer
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One more thing: inter-brain coupling analysis tools

HyPyP

raw data per condition (baseline, tasks, etc.) m & A |
~ and subject : MNE-Python. MNE |

temporal alignment between participants
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utils.split() raw Participant 1 and Participant 2 (P1-P2)
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I 8 prep.ICA_fit(), prep.ICA_apply() I
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__________________________ -
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|» load external & epochs (P1-P2 intersection) & epochs, per participant
preprocessed
data files
_______ utils.merge processed | _____ _ StudyPlandP2 =~

Epochs P1-P2 separately

g i |

|

2} ' ' |
2 |
: |
Z I

ana|yses.compu1075ync
intra- & inter-individual brain connectivity
(wide diversity of measures: correlation,
coherence, phase locking value, etc.)

analyses.pow()
computes Power
Spectral Density

| T
I IIII STATISTICS I I @ VISUALIZATION
| L)
| I
|

stats.statscond, stats.statscluster()
non-parametric statistical t test gpatial &
spectral cluster correction for 2 participants)

viz.viz_2D_topomap_inter, viz.viz_3D_inter |
visualize P1-P2 links on 2D & 3D head models |

Ayrolles et al. SCAN 2021

28



One more thing: inter-brain coupling analysis tools

HyPyP CL-SSTER https://github.com/kekehia123/cl_sster
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