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Human beings live in groups and have shaped cognitive functions and behaviors
influenced by interacting with other individuals in the groups through linguistic and
nonverbal behaviors. In interaction, building cooperative relationships with other individuals
1s one important role in belonging to groups and survival. To maintain relationships,
exchanging information about their experiences is essential to shape social behaviors. On the
other hand, body movement has unconsciously coordinated with others in interaction. Body
movement synchrony, a phenomenon of coordination, has been considered to predict the
subjective outcome of communication. In addition, some studies have reported relationships
between inter-brain synchrony and the degree of information exchange as well as body
movement synchrony. However, it was unclear whether body movement synchrony is
associated with information exchange. In this thesis, we revealed this relationship during a
natural conversation. Moreover, we not only revealed this question from scientific motivations
but also proposed a simple method for quantifying body movement synchrony to collect data
in diverse communication in real-life. This attempt was also expected from practical
motivations to develop systems that use body movement synchrony as an indicator of verbal
communication. In addition, we preliminary investigated the time scale of the relationship
from both scientific and practical motivations.

In Chapter 2, as a scientific approach, we tested whether body movement synchrony
between talking pairs is associated with the degree of information exchange in a natural
conversation. We designed the conversational experimental paradigm to quantify the degree
of information exchange. Participants were instructed to talk about their experiences,
especially to start their conversation with an experience of when they were a freshman in
high school. Experimenters developed the four-choice questions based on sentences uttered by
the participants. The degree of information exchange for each participant was quantified by
the percentage of correct answers to these questions. During the conversation task, we
measured body movements using an optical motion capture system and quantified body
movement synchrony. We calculated the correlation coefficient between the degree of
information exchange and body movement synchrony. We found that body movement
synchrony occurred in talking pairs and this synchrony was significantly positively correlated

with the degree of information exchange. This finding showed the relationship between body




movement synchrony and the degree of information exchange. It is expected that body
movement synchrony could predict the degree of information exchange.

In Chapter 3, as a practical approach, we proposed a simple method to estimate the degree
of information exchange by body movement synchrony. We proposed to use an omnidirectional
camera and quantified body movement synchrony by Motion Energy Analysis method with an
additional processing process to reduce noise. To test whether the body movement synchrony
quantified by the proposed method could be used to predict the degree of information
exchange, we analyzed the omnidirectional camera recordings from the experiments in
Chapter 2 and calculated the correlation coefficient between this synchrony and the degree of
information exchange. The results showed that the body movement synchrony quantified by
the proposed method had a positive correlation with the degree of information exchange. This
finding suggested the possibility that body movement synchrony quantified by the simple
method predicts the degree of information exchange.

In Chapter 4, following the results of Chapter 2 and 3, we addressed the question of how
long time does body movement synchrony need to estimate the degree of information
exchange. To provide preliminary insights, we divided the data obtained in Chapters 2 and 3
into half or quarter times and quantified body movement synchrony and the degree of
information exchange each time. The results showed that body movement synchrony between
talking pairs was higher than that between not actually talking pairs in all conditions but a
positive correlation with the degree of information exchange was only confirmed between
body movement synchrony quantified by the method using an optical motion capture system
in 5 minutes conversations. The results suggested that body movement synchrony requires
several minutes of conversation to predict the degree of information exchange. It provided
new insight into this relationship and the difficulty of real-time estimation.

This thesis presented the relationship between body movement synchrony and the degree
of information exchange. Especially, our experimental paradigm could quantify the degree of
information exchange in non-rehearsal conversations. Therefore, our findings provided
important insights to explain the relationship between verbal and nonverbal communication.
In addition, this thesis showed the possibility of applying this relationship to real-life
systems. Our proposed method using an omnidirectional camera was expected to easily
estimate the degree of information exchange. Our findings also suggested that synchrony
obtained from small movements may explain the degree of information exchange for a shorter
time. Finally, we discussed the mechanism of the relationship between body movement

synchrony and information exchange and showed the hypothesis for future research.
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