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Brain Activity During Turn-Taking Using Virtual Characters: An fMRI Study on Humans
Interacting with Virtual Characters

Masahie Yuasa®, Member, Natsumi Watanabe™*, Non-member, Akira Toyomura™*, Non-member

(20154E 11 H 4 H%4F, 2017481 H 14 HE2H)

In this study, we examined turn-taking behavior by measuring brain activity using functional magnetic resonance
imaging (fMRI). We developed virtual characters that exhibited turn-taking behavior. These characters displayed facial
expressions that indicated a willingness to continue talking, and regulated its timing in conversational turn-taking. We
then confirmed the validity of these behaviors through behavioral experiments that used a pseudo-conversation between
these virtual characters and human participants. In addition, we conducted an fMRI experiment where the participants
were required to read part of a scenario in a conversation with the character. The results showed that the insular cortex
and the right superior temporal gyrus were significantly activated when the character behaved properly in turn-taking.
These results suggest that the activation of the right superior temporal gyrus was related to mutual understanding. The
insular cortex has been shown to be related to empathy in previous studies. Thus, turn-taking may have a significant
role related to mutual understanding and empathy in conversation. Our experimental design and findings may provide

an objective framework for virtual character design, and contribute to the study of human conversation.
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The Flow of Conversation by Virtual Characters and Participant.
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A

Back extends

Mouth opens slightly

(a)->(b)

Fig.2. Changes in Facial Expression.
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Fig.3. The Results of the behavioral experiment (The average values of questionnaire items).
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Stimulus 1 (Change and natural) > Stimulus 4 (No change and delay)

Fig. 6. Brain areas activated during turn-taking (Stimulus 1 > Stimulus 4)
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Table 2. Brain regions activated during turn-taking (un-
corrected p < .001, k > 10, L=left, R=right, Stimulus 1 >
Stimulus 4)

Region Side BA X y z Z-Score
Cerebellum R N/A 6 -42 -16 4.82
Cerebellum L N/A -2 -36 -16 3.24
Insula R 13 36 12 -6 4.69
STG R 38 44 12 -12 3.37
Insula R 13 44 -18 -4 4.14
Midbrain L N/A -10 -16 -6 4.13
Insula R 13 42 6 4 4.12
Insula R 13 44 0 10 3.12
Putamen R N/A 26 2 2 4.02
Insula R 13 40 -8 -8 3.54
Precentral gy. R 6 56 0 8 3.89
Insula R 13 40 -8 6 3.53
Heschl’'sgy. R 41 34 28 12 3.47
Putamen R N/A 30 -26 0 3.17
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