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Robots are increasingly becoming a part of human environments, where they have
the potential to assist people in their daily lives in an abundance of ways. However,
when robots interact within these settings, they are bound to fail at some point. A
robot may fail due to a wide variety of reasons, whether it be due to an uncertainty
in the robot’s sensor reading, an inaccuracy in the robot’s world model, or due to
the unpredictability of human behavior in the robot’s workspace. To design robots
that can appropriately interact within environments filled with people, it is critical
to understand how people perceive and respond to robots when they fail.

This dissertation investigates people’s perceptions and responses to robot failures
in human-robot interaction contexts along three different dimensions: functional, so-
cial, and moral. To examine failures within these dimensions, we conduct a range
of controlled, human-subjects experiments that begin with simple, task-based fail-
ures and that progressively move towards failures that have more social and moral
implications.

In our first human-subjects experiment, we investigate how people provide feed-
back to a variety of task-based robot failures in a card-selection task. We find sig-

nificant variation in how people evaluate the robot’s performance and show that this



variance can influence how effectively the robot performs the task when trained with
different feedback strategies.

Building on these findings, we conduct a pair of studies with children aged four to
seven years and with adults, in order to investigate how user characteristics influence
variability in people’s responses to robot failures. We find that users’ age, as well as
a robot’s social responses following its own failures (i.e., providing incorrect advice),
affects how people trust the failing robot.

Finally, we extend our investigation to a much more severe robot failure with
inherent moral implications, in which a robot intentionally commits physical harm
(i.e., pushing down a human). In this final experiment, we showcase the importance
of prior expectations when people evaluate harmful behavior, as the ways in which the
robot’s capabilities were framed before witnessing the failure significantly influenced
people’s moral judgments of the robot after the failure.

Overall, this dissertation contributes to our knowledge of how people respond to
robot failures and can help inform the design of robots that interact with regular

people.
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“Failure is not the opposite of success; it’s part of success.” — Ariana Huffington
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Chapter 1

Introduction

Robots are becoming a larger presence in human environments, where they are bound
to interact with people. Interaction may be a primary function of a robot’s role, like
when a tutoring robot conducts lessons with students or when an industrial robot
collaborates with co-workers. Alternatively, an interaction may occur simply because
a robot’s role requires it to be co-located with people, such as when a household robot
performs tasks in the same space as users. Ideally, robots that interact with people
will seamlessly integrate into our environments and complete the tasks that we need
of them without any difficulty. But, since human environments are unstructured,
dynamic, and filled with people that are unpredictable and diverse, human-robot
interactions are bound to not go as planned all of the time.

This dissertation revolves around the moments when robots behave in ways that
they should not during human-robot interactions (HRI). When a robot behavior is
not ideal, and it does not satisfy task objectives or rules, meet user expectations, or
follow design specifications, we will refer to such a behavior as a failure. When robots
interact in human environments, failure is inevitable at some point, whether it be
due to an imprecise sensor reading, an inaccurate world model, or an unpredictable

user. Failures can take many forms and they can vary widely, as they can range















Chapter 2

Robot Failures in Human-Robot

Interactions

This chapter provides an overview of robot failures in human-robot interactions (HRI).
We define robot failures in human-robot interactions and discuss how researchers
have previously classified robot failures in HRI. We then introduce a multidimensional
framework with three dimensions related to how people perceive and respond to robot
failures: functional, social, and moral. Last, we discuss how the context surrounding
robot failures can influence people’s perceptions and responses across these three

dimensions.

2.1 What 1s a Robot Failure in HRI?

As robots are increasingly deployed in human environments, robot failures during
human-robot interactions are inevitable. But what does it mean for a robot failure

to occur in HRI?















of the order to the customer and drops some of it on the ground. The robot’s failure
can carry multiple implications that do not fall into just one category, depending on
the context.

Under older, purely robot-centric classifications, this event would be treated pri-
marily as a functional failure: the robot did not successfully execute its task, and the
focus would be on diagnosing what went wrong and how to prevent similar failures in
the future. However, more recent user-centered classifications broaden this view by
considering how such failures affect users, for example by labeling the dropped order
as a functional failure if it leads the customer to perceive the robot as incompetent or
unintelligent. But many of these approaches do not account for the fact that the same
failure may simultaneously affect multiple dimensions of the user’s cognition. If the
robot’s failure creates a decrease in trust from the user, such that the user does not
want to reuse the robot delivery system again, the robot’s failure also carries a social
dimension. If the failure causes harm to the customer (e.g., by spilling a hot drink on
the customer), such that it affects the user’s moral judgments towards the robot (i.e.,
assigning blame), then the failure also has a moral dimension. While a robot failure
may affect all three of these dimensions (functional, social, moral) simultaneously, it
may also primarily engage one or two. In the next section, we introduce and describe
a flexible, multidimensional framework that characterizes robot failures in terms of

how they are interpreted by users.

2.2  Dimensions of Failure

In this section, we further elaborate on the three dimensions of failure introduced in
our food delivery robot example: functional, social, and moral. Each dimension char-
acterizes a robot failure based on its influence on users’ perceptions and responses to

the robot, and reflects a different form of cognition involved in how humans interpret
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performance. This dimension captures how users asses a robot’s efficiency and effec-
tiveness, relative to their expectations of the robot’s competence, intelligence, and
ability to successfully complete a task.

Within the functional dimension, users may consider questions such as: How well
did the robot perform this task? Did it perform better or worse than expected? Did
it achieve its goal? In the context of the food delivery example, functional evaluations
might include questions such as: How well did the robot do in its food delivery?

The functional dimension becomes particularly salient in emerging paradigms such
as human-in-the-loop machine learning and reinforcement learning from human feed-
back, in which untrained users are expected to provide evaluative assessment of a

robot’s performance.

Social

The social dimension of robot failure refers to users’ cognitive evaluations related to
users’ relationships with the robot and the robot’s ability to adhere to social norms.
This dimension captures evaluations such as likability and trustworthiness, which may
be influenced by users’ expectations of the robot’s emotional intelligence and ability
to foster and maintain interpersonal relationships.

Within the social dimension, users may ask questions such as: Do I like the robot?
Can I trust the robot? Is the robot my friend? Related to our food delivery example,
one might ask: Will I trust this robot to deliver food to me next time?

Many failures will have a social dimension when they involve violations of social
norms (e.g., a robot making a joke during a serious moment or a robot interrupting a
user at an inappropriate time). However, failures that are purely functional in nature
(e.g., a robot dropping food on the ground) can also have a social dimension if they
affect how much users like or trust the robot. Thus, it is the impact of the failure

on the user, rather than the nature of the failure itself, that determines whether the
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