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In the last few years, we have witnessed an enormous increase in social robotics, In
addition to industrial robots that work in factories, social robots are expected to be
employed in a variety of applications such as education, health care, public service, and
domestic uses, where communicating and interacting with humans are a necessity.
Therefore, it is increasingly important for social robots to express affect and intent.

As Donald Norman said, “People are explanatory creatures.” Due to our tendency to
form explanations of things, we build mental models, our conceptual models of the way
objects work or people behave, of those things and use the models to help us understand
our experiences and handle unexpected occurrences. Therefore, we naturally adapt our
social skills and perform similar social behavior when we first meet a human-like robot.

We assume that such robot will behave, in a way, like a human.

However, a large number of robots currently in use for applications, such as law
enforcement, search and rescue, and domestic uses (e.g. cleaning robots), are neither
anthropomorphic nor zoomorphic. When we first encounter such robots, the lack of
appropriate mental models and knowledge with regard to these robots can lead to
unsmooth or even failed interaction. In addition, such robots are generally constrained
in appearance, meaning that they are designed to be functional and lack expressive faces
and bodies. Therefore, there is a significant challenge in finding effective ways for these
robots to successfully interact with human users.

Due to their lack of natural interaction methods, appearance-constrained robots have to
make use of their physical bodies and mobility to communicate with people. Existing
approaches focus mainly on motion cues or body posture. For instance, previous work
found a strong relationship between motion parameters (acceleration and curvature) and
attribution of affect. Specifically, it was discovered that the level of acceleration can be
associated with perceived arousal and that valence information is partly encoded in
combinations of acceleration and curvature. Unfortunately, such approaches suffer from
low expressibility and are hard, if not impossible, to be applied in many application
scenarios. For example, in a scenario where space is limited, e.g., a crowded room or a
narrow corridor, big movements such as those made through accelerating and moving



in an arc can be impossible to employ.

To design effective expressions for appearance-constrained robots, I probe non-verbal
cues include expressive lights, motion, sound, and vibration. I consider the four
modalities are particularly suitable for appearance-constrained robots as they do not
require human-like features such as face and hand. Besides, because these modalities
are neither anthropomorphic nor zoomorphic, they would not cause people’s
expectations of the appearance-constrained robots to exceed the real capabilities of the
robots and result in a negative HRI experience. However, there is much unknown with
regard to how the non-verbal expressiéns can be implemented to facilitate interactions
between robots and humans. Theories and knowledge are needed to form valid
assumptions for establishing and formalizing effective designs. |

Hence, to address the challenges mentioned above, I perform a series of studies with a
focus on three key research questions: (1} How do people perceive and interpret non-
verbal expressions from a robot and what are the influences of the expressions on
people’s decision-making and behavior? (2) How to design non-verbal expressions for
an appearance-constrained robot to show affect? (3) How to design non-verbal
expressions for an appearance-constrained robot to communicate its intent? By
answering the three questions, this dissertation contributes to providing fundamental
knowledge and building blocks to the design of non-verbal expressions for appearance-
constrained robots and opening up possibilities for future related research in HRI.
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