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The design and implementation of dynamic interactive agents in
virtual basketball
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This thesis addresses design, implementation and evaluation of dynamic
interactive agents (DIAs) that can embody both interactivity and presence,
drawing on the framework of embodied conversational agents (ECAs) and video
game agents.

Chapter 1 provides an introduction to the thesis. It portrays the concept of DIA,
1dentifies the major technical challenges in building DIAs, and presents a
roadmap for the rest of the thesis. The goal of the thesis is specified as threefold:
building an experimental environment, realization of DIAs, and the evaluation of
the DIA communication.

Chapter 2 reviews related work on ECAs and non-player characters (NPCs) in
video games where the ECAs feature multi-modal interactions, while NPCs are
endowed with rich mobility. Study on DIAs leverages ECA and NPC technologies
to explore communicating intentions among humans and agents by multi-modal
interaction in a shared virtual space.

Chapter 3 addresses the type of virtual and physical environment that adheres to
the properties of DIAs. Virtual basketball is introduced as a perfect testbed for
investigating critical aspects of DIAs such as navigability and collaboration. The
hardware and software architecture of the virtual basketball system is presented
together with key technologies including a recognizer of the body motion of the
user, an environment for training data collection, and a physical simulator for the
basketball game.

Chapter 4 introduces the Clark’s joint activity theory (JAT) as a basis for DIAs. It
presents a conceptual framework for modeling activities of players in the virtual
basketball using theoretical devices of JAT including joint activities, signals, and
the action ladder. It proposes that body movement needs to be incorporated into
JAT as an integral signal among players, and the activities of players can be
modeled at four levels: the perception, identification, recognition, and uptake.

Chapter 5 describes a macro-behavior analysis in the virtual basketball domain.
Distinction between explicit and implicit signals is introduced and findings
obtained from observation of the games conducted by participants and
questionnaire analysis are reported. First, a positive correlation was found
between the frequency and variation of explicit signals and attempted passes as
collaboration. Second, it was found that explicit signals were used to express
emotional feedbacks. Third, it was suggested that the focus of attention was
expressed by implicit signals. Fourth, patterns of behaviors for explicit and




implicit signals were found. The principles are shown for designing DIAs based on
the above mentioned findings.

Chapter 6 presents micro-behavior analysis of human-human interaction in the
virtual basketball. It focuses on the use of multi-modal signals to coordinate
behaviors of the passer and the receiver in the activity of passing. The relative
body rotation between the ball possessor and the partner was investigated.
Patterns were found from the observation data that indicated transitions between
individual and collaborative tasks. In addition, it was found that successful passes
were preceded by the decreasing relative rotations while unsuccessful passes were
more variable. It was also found that at least one of the participants turned away
after a pass was complete. A conceptualized JAT model for passing is formulated
based on these observations and a communication model for DIA is presented.

Chapter 7 describes user evaluation of the JAT communication model. For
comparison, a task-competent agent is introduced which has limited
communication but higher task-competence in terms of movement and action
speed and shooting accuracy. The result of a user study indicates that the
participants preferred the communication-competent agent to the task-competent
agent as a team mate in terms of likeability and intention recognition.

Chapter 8 discusses the common ground for DIA. A method is proposed for
building a common ground by imitating a team mate in a context-dependent
fashion. As a result of simulation study, it was found that the ratio of imitated to
observed contexts increased over time and that the imitation allowed the learning
agent to properly identify the shooting context. The result of a user study weakly
suggested that imitative behaviors appeared to have a positive effect on the
perceived intelligence of the agent, while implicit signals seemed to have a weak
correlation to the recognition of team mate intent. They are left for further study.

Chapter 9 provides a comprehensive discussions concerning the results obtained
in this thesis, regarding the distinctiveness of the concept of DIA, the utility of the
computational environment for DIAs, the strength and weakness of JAT in
designing DIAs, the perception of DIA’s from the user’s perspective, and
usefulness of DIAs. Following these discussions, a list of potential questions for
the future research is provided.

Chapter 10 concludes the thesis.
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