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The Relationship between Inter-brain EEG Synchronization and
Stability of Interpersonal Coordination during Anti-phase Tapping

#5 5 A (KURIHARA, Yuto)

1. Introduction

People coordinate their own movements with others
when interacting with each other. It is especially
essential to have stable interpersonal coordination
to facilitate interaction such as group dancing and
music performance. Recent studies show that inter-
brain synchronization becomes high when
executing good performance of joint tasks such as
joint tapping tasks. However, it remains unclear
whether the stability of interpersonal coordination
affects inter-brain synchronization. In this study, we
simultaneously recorded EEGs of two people during
anti-phase tapping and examined the relation
between the stability of interpersonal coordination
and inter-brain synchronization.

2. Methods

Fourteen pairs of participants (N = 28, mean age =
22.5, SD = 4.3) performed anti-phase tapping with
four speed condition. These tapping conditions
consisted of different tapping frequency as follows:
Slow condition (reference frequency: 2Hz), Fast
condition (reference frequency: 4Hz), Free condition
(reference frequency: any frequency), and Pseudo
conditions (tap to 2 Hz reference frequency
presented by metronome sound). Generally, the anti-
phase interpersonal coordination becomes
increasingly less stable as the movement frequency
increases. Therefore, in the fast condition,
coordination in the anti-phase tapping is expected
to be more unstable than in any other conditions.

3. Analysis

3.1. Behavioral Analysis

We calculated the Intertap Interval (ITI) by
subtracting the tap onset time from the adjacent tap
onset time to evaluate the tapping tempo. In
addition, we calculated the standard deviation of the
relative phase (SD RP) using a circular measurement
to assess tapping stability.

3.2. Inter-brain synchronization

The participants' individual brain activities in each
pair were simultaneously recorded by two EEG
systems, each with 29 active scalp electrodes. Inter-
brain EEG synchronization was evaluated using the
circular correlation coefficient (CCorr) for each
electrode pair between two participants. The CCorr
of all pairs of electrodes were averaged (defined as
mean CCorr) in four tapping conditions,
respectively, to focus on the whole inter-brain
synchronization strength.

3.3. Surrogate data

In order to confirm whether acquired EEG
synchronization was significant or not, we created
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surrogate data from original data and compared the
mean CCorr between original and surrogate data.

4. Results

Firstly, we confirmed that participants performed
tapping more unstable in the fast condition than in
any other tapping conditions. We also confirmed
that they performed tapping faster in the fast
condition than in any other condition. Next, we
found that alpha and beta frequency bands in the
fast condition showed significantly large mean
CCorr than surrogate data. Furthermore, we found
correlation between the instability of anti-phase
tapping and mean CCorr in alpha and beta
frequency bands in the fast condition (Fig.1A). In the
brain region related to the instability of joint
tapping, the frontal area was found in the beta
frequency band (Fig.IB).

5. Discussion

Our findings support the hypothesis that inter-brain
EEG synchronization is related to the stability of
interpersonal coordination. However, the results
revealed that the correlation is negative, i.e.,
synchronization in alpha and beta frequency bands
increased as the behavior became more unstable.
This result seems to be the opposite of the previous
study because the low stability of anti-phase tapping
seems to indicate low performance.

Interpersonal coordination requires a mutual
prediction to achieve a stable state. In this study,
participants might have needed larger mutual
prediction in fast conditions than slow because it is
difficult to maintain anti-phase tapping at a high
tempo. Therefore, there is the possibility that the
cause of increased inter-brain synchronization is a
large mutual prediction. Further studies are

required to elucidate the relation among
performance, stability, and inter-brain
synchronization.
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Fig.1 The relationship between stability and inter-
brain synchronization.
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Functional analysis of the Radmis gene in neural stem cells
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Identifying Brain Regions Related to Word Prediction
During Listening to Japanese Speech by Combining LSTM and MEG

G KA (TAKAHASHI, Yuta)

1. Introduction

Recently, a neuroscientific approach revealed that
humans understand language while subconsciously
predicting the next word from the preceding context.
Most studies on human word prediction investigated
the correlation between brain activity measured by
the functional magnetic resonance imaging (fMRI)
while reading or listening to sentences, and the
predictive difficulty of each word in the sentences
calculated by the N-gram language model. However,
because of its low temporal resolution, fMRI is not
optimal in capturing the changes in brain activity that
accompanies language comprehension. In addition,
the N-gram language model is a simple computational
structure and does not take into account the structure
of the human brain. Furthermore, the N-gram
language model calculates the predictive difficulty
of each word based on the information from the
word N-1 before to the word one before. Humans,
however, are supposed to retain information from
even more before than N-1 word, forming
contextual understanding on the presented story.
In the present study, we measured brain activity by
magnetoencephalography (MEG), which has a
higher temporal resolution than fMRI,
calculated the prediction difficulty by the long
short-term memory language model (LSTMLM)
that is a model based on a neural network inspired
by the structure of the human brain and retains
information longer than the N-gram language
model. We then identified the brain regions
involved in language prediction during Japanese
language speech listening by using the Encoding

and

Analysis and the Decoding Analysis.

2. Methods

Prior to the experiment, we prepared 201 Japanese
speeches from a database called the Corpus of
Spontaneous Japanese (CSJ). Each speech was about
10 minutes long. In the MEG Experiment, ten
participants were asked to listen to four of those
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speeches,
measured by MEG. By using the measured data, we

during which the brain activity was

estimated the source signal during listening to
speeches. In the Language Processing, first, the
transcripts of each speech were divided into Long
Unit Word (LUW). Then, we input into the LSTMLM
the LUW of 197 speeches that were not used in the
experiments as training data and the 4 speeches that
were used in the experiments as test data, and
estimated the surprisal, one indicator of a word's
prediction difficulty, for each LUW of the speeches
used in the experiments. In the Encoding Analysis, we
regressed the MEG source signals from the surprisal
estimated using LSTMLM and estimated the brain
regions correlated with the magnitude of the surprisal.
In the Decoding Analysis, we reconstructed the
surprisal from the multiple MEG source signals and
identified the regions with high regression accuracy.

(I.anguyo Processing A
LSTM Estimated Surprisal
Oy :
Sentences - _ /
CSJ(Corpus of Spontaneous Japanese)

(Experiment & MEG Analysis
MEG Source Signal

I— Brain
]
\- . J

3. Results & Discussion
In this study, in order to estimate the brain

mechanisms involved in human language prediction,
we clarified the relationship between the surprisal
estimated by LSTMLM and MEG source signals during
listening to Japanese speeches using two analyses. As
a result, in addition to the surprisal-related regions
revealed in previous studies such as the Superior
temporal gyrus, the Fusiform gyrus, the Temporal
pole, we also found a relationship between the
surprisal and brain activity in regions such as the
Insula, the Superior temporal sulcus, and the Middle
temporal gyrus, which are considered to be engaged
in longer-term, sentence-level cognitive processing.
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Identification of D-amino acids capable of enhancing the autophagic flux and
elucidation of their molecular mechanisms in human intestinal epithelial-like cell lines
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