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Abstract of Thesis

This thesis presents a series of works of design methodologies for a robot to use hand touch proactively to naturally convey
various emotions. For the robot to express emotions in human-robot interactions, current social robots generally rely on four
expression modalities: facial expression, speech, gesture, and tactile stimulation. Among these four modalities, the tactile
approach is the least explored. Especially, past tactile research mainly focused on touch interactions from human to robot, and
almost none explored hand touch from robot to human. As social robots are expected to provide human-like social utilities, and
human social touch not only can intensify the conveyed emotions, but also play a critical role in human’s psychological
development, it is important to make social robots capable of performing social touch proactively. Therefore, the goal of this
thesis is to explore how to design a robot’s hand touch behaviors to physically touch people and express various emotions

more strongly and naturally than using its facial expression, speech, and gesture. This thesis contains three studies.

The first study explored how to emulate the fine movements of the human hand and replicate the social touch in a robot. This
help to set the design approach for creating social touch for robots. I decomposed human hand touch behaviors and select the
three most impactful hand touch characteristics, length, type, and part. Then I selected commonly used emotions in social HRI,
i.e., happiness, and its counterpart emotion, i.e., sadness borrowing Ekman’s definitions, as the goal for the robot to express
through touch. I designed two behavior variants for each characteristic and map them to the two emotions from the
arousal/valence perspective. The results showed that the touch length and its #ype are useful to change the perceived strengths

and the naturalness of the expressed emotions based on the arousal/valence perspective

The second study extended the idea that social touch is to intensify emotional communication by exploring how to convey
intimacy through touch. It introduced a new touch characteristic place, i.e. where the robot should touch. Combining with the
most impactful touch characteristics #ype from the first study, I verified their effects on the perceived intimacy by expressing
the common emotion, happiness. The results showed that the fype is useful to change the perceived intimacy while place did
not show significant effects. I then investigated the other two touch characteristics, length, and part. The results showed that

the part is useful to change the perceived intimacy while the /ength did not show significant effects

The third study tackled the hand touch design from a different angle, i.e., selecting appropriate touching timing in context with
interaction scenarios. I took a novel approach by using probability modeling. Firstly, I chose heartwarming and horror video
clips as emotional stimuli and designed a video-watching scenario to make the robot touch participants at the appropriate time.
I conducted a data collection experiment with participants identifying appropriate touch timing and duration relative to a
video’s climax. From the collected data, I modeled touch timing and duration by fitting them to probabilistic models. Results
indicated that participants preferred a touch timing before and after a climax for horror and heartwarming videos respectively.
Then, I implemented the best-fitted models to decide on touch timings and conducted a verification experiment. The results
showed that touch timing before the climax received better evaluation than touch timing after it for both horror and
heartwarming videos. This study demonstrated that appropriate touch timing could help emotional expression and provide new

approaches to designing robot hand touch behaviors.
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