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This thesis addresses interface design that can exploit gaze behaviors to facilitate
smooth conversation between humans and agents. Both face-to-face interaction
and computer-mediated remote interactions such as voice chat, video conference
and human-agent interaction, are taken into consideration. The thesis consists of
eight chapters.

Chapter 1 provides an introduction to the thesis. It begins with the background,
motivation and research objective, followed by a list of design policies of the
conversational interface aimed at the thesis. The outline of the thesis is shown in
the final section.

Chapter 2 reviews major previous work that is relevant to the incorporation of
gaze behaviors into conversational interfaces. The role of gaze behavior is
discussed m general based on the literature study in nonverbal communication.
Previous work on gaze behaviors in the conversational interface is reviewed from
the viewpoints of speech communication system, video communication system, and
conversational agent system.

Chapter 3 addresses controlling avatar’s gaze behaviors based on the user’s
speaking states in multi-party avatar-based video conferencing. A probabilistic
state transition model consisting of three states, 1.e., during-utterance, right-after
utterance and silence, is proposed for describing the gaze behaviors reported in
the conversation analysis, such as the speaker’s gaze at the next speaker in turn-
taking. The results obtained from a series of evaluation experiments suggest
that the proposed method allows the participants to recognize the avatar as an
embodied agent of their communication partner so that utterances are motivated
by the use of gaze control in avatars.

Chapter 4 addresses full gaze awareness for enabling the users of a video
teleconferencing system to effectively share references to virtual objects around
themselves in local virtual spaces. A system called MoPaCo is proposed and
implemented. MoPaCo realizes a widow metaphor connecting the local virtual
places around participants by exploiting motion parallax. Experimental
evaluation was conducted to investigate how much MoPaCo improves the
communication with deictic nonverbal behaviors such as gaze and pointing
gesture. The results suggest that precision of the indication actions performed
through MoPaCo is close to that in a physical environment, regardless of the
distance between the user and the display. In addition, the participants’
predictive behaviors were observed, which suggests that the full gaze awareness
was effectively supported by MoPaCo.




Chapter 5 addresses estimating participants’ engagement in human-agent
interactions. The Wizard-of-Oz method was employed to build a multimodal
conversation corpus. The collected data were annotated in terms of gaze
transition pattern, mutual gaze occurrence and gaze duration. A collection of
gaze transition 3-grams was constructed to analyze correlation between gaze
transition and engagement. It was found that the distribution of gaze transition
3-grams, gaze pattern durations, eye move distances and pupil sizes have a strong
correlation with human judgment of engagement/disengagement by observation.
The engagement estimation model using tree learning achieved F-measure 0.854
and 0.704 for estimating engagement and disengagement, respectively.

Chapter 6 addresses improving the smoothness of human-agent communication
using the engagement estimation method proposed in the previous chapter. An
engagement-sensitive conversational agent system was implemented. It allows
for detecting user’s disengagement in real time. An experimental evaluation was
conducted to compare the participants’ responses to the agent’s probing based on
engagement estimation and periodic probing. It was found that the agent’s
probing based on engagement estimation significantly reduced the participants’
disengagement compared with periodic probing, and in addition the participants’
subjective evaluation of the conversation agent was significantly improved in
terms of engagement awareness, appropriateness of behaviors, smoothness of
conversation, favorability and perceived intelligence compared with periodic
probing.

Chapter 7 discusses the implication of the proposed methods and presents future
directions including introduction of sensing other communication modality to

improve the engagement estimation.

Chapter 8 concludes the thesis by reinforcing the results achieved in the study.
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