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Abstract—1In this paper, we introduce Ommie, a novel robot
that supports deep breathing practices for the purposes of
anxiety reduction. The robot’s primary function is to guide
users through a series of extended inhales, exhales, and holds
by way of haptic interactions and audio cues. We present core
design decisions during development, such as robot morphology
and tactility, as well as the results of a usability study in
collaboration with a local wellness center. Interacting with
Ommie resulted in a significant reduction in STAI-6 anxiety
measures, and participants found the robot intuitive, approach-
able, and engaging. Participants also reported feelings of focus
and companionship when using the robot, often elicited by the
haptic interaction. These results show promise in the robot’s
capacity for supporting mental health.

I. INTRODUCTION

Anxiety levels are on the rise. In a 2020 CDC study, 25.5%
of American adults exhibited anxiety disorder symptoms,
which was three times higher than in the year prior (at
8.1%) [1]. Among adolescents, a CDC survey revealed
that 31.9% have had an anxiety disorder [2]. This rate
increases into college, as a recent National Collegiate Health
Assessment showed 37.4% of undergraduates as diagnosed
or being treated for an anxiety disorder [3]. Many challenges
exist in addressing this rise in anxiety, including access to
treatment (e.g., therapy), cost of treatment, and compliance
with behavioral therapy practices. Social robots have the
capacity to help solve some of these challenges by providing
distributed and consistent coaching, monitoring, compliance
support, and companionship [4].

One effective behavioral method for anxiety reduction is a
regular deep breathing practice, which consists of extended
inhales, holds, and exhales. This practice has been shown to
reduce heart rate and cortisol levels [5] as well as calm the
autonomic nervous system [6]. Therapists treating anxiety
patients often suggest at-home, daily deep breathing, how-
ever compliance with therapist-given practices is a known
challenge [7]. Patients can have difficulty remembering to
practice, practicing correctly, or sustaining motivation.

This paper presents a novel robot, Ommie, that provides
support for practicing deep breathing for anxiety reduction.
Our work is inspired by previous robotics research in sup-
porting mental health, therapeutic haptics, and teaching new
skills. We describe our core design decisions for Ommie,
prototype construction, and the results from a usability study
with participants of varying prior deep breathing experience.
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Fig. 1.

A user practicing deep breathing with Ommie.

II. RELATED WORK
A. Social Robots for Anxiety and Mood Disorders

A number of human-computer interaction (HCI) projects
explore deep breathing, often through wearable devices and
biofeedback [8]-[10], but few robotics projects do so. As
Rabbitt, Kazdin, and Scassellati outline, social robots have
high potential to support mental health through their unique
embodiment and interactions [4]. Closest to our work is
CAKNA, a robot that verbally guides users through psycho-
logical techniques including deep breathing [11]. In a pilot
study, CAKNA was shown to reduce anxiety levels moreso
than a computer. Robots that support other mental health
techniques include: (a) PlantBot [12], a robotic plant that
reminds users with depression to perform certain activities;
and (b) a modified Jibo robot [13] that delivers positive
psychology interventions. While Plantbot has yet to show
therapeutic impact, the Jibo robot provided measurable im-
provements in well-being. Our work expands these efforts by
utilizing research-through-design [14] to create a social robot
with haptic feedback to guide a deep breathing practice.

B. Therapeutic Haptics in Human-Robot Interaction (HRI)

The design of social robots to provide therapeutic calming
effects, particularly through haptics [15], has been studied
with multiple robots. Paro has been shown to provide ther-
apeutic benefit via stroking the soft robot [16]. The Haptic
Creature is another interactive animal-like robot, which also
features breathing motions relevant to our work. Sefidgar et
al. [17] have shown that holding and stroking the Haptic
Creature stimulates a physiological relaxation response. Two
other haptic robots feature breathing motions: TACO [18], a



robot designed for anxiety and social isolation in children;
and Somnox [19], a commercially available robot for adults
with insomnia. Both robots feature abstract geometric forms.
While TACO has yet to be tested for therapeutic benefit,
the Somnox team reports successfully slowing down a user’s
breathing rate when held. Our work expands research in
therapeutic haptics to an anthropomorphized robot that also
supports practicing a skill (i.e., deep breathing).

C. Social Robots for Teaching New Skills

The efficacy of social robots in skills acquisition and
behavioral compliance is well established, and coaching and
tutoring robots abound [20]. For instance, Leyzburg et al.
[21] showed that a physically-present social robot increases
learning gains. Kidd and Breazeal [22] have shown that a
social robot can have a measurable effect on compliance in
calorie tracking and exercise. These results encouraged us
to study an embodied social robot for developing another
health skill: deep breathing. Our work explores the usability
and feasibility of nonverbal haptic interaction for practicing
this skill, with the longer-term goal of skill acquisition.

III. ROBOT DESIGN

Over the course of 11 months, we utilized a research-
through-design process [14] to design and test our robot.
The core concept, a user placing their hands on a robot
that expands and contracts, was initially validated by two
clinical researchers with experience treating anxiety patients.
They supported this concept for its clinical applicability,
improvements over verbal instruction for deep breathing, and
the known calming effects of tactile interactions.

We developed four design goals for the robot:

o Calming: The robot should provide a comfortable and
calming experience to promote anxiety reduction.

« Engagement: The robot should inspire use and hold
users’ attention during interactions.

o Haptic Experience: Users should feel comfortable
placing their hands on the robot and be able to tangibly
feel the robot’s breathing.

« Instruction: The robot should help users perform deep
breathing in the correct sequence and cadence.

We applied these goals through the iterative development
and testing of low-fidelity prototypes, such as foam mock-
ups. This process led to a number of core design decisions:

1) Anthropomorphism: The question of whether to an-
thropomorphize a robot, or how much, is common to social
robot design [23]. We knew that the body of our robot should
feature a spherical form to avoid over-anthropomorphization
[23] as well as invite familiarity with other objects people
typically place both hands on (e.g., sports balls). However,
the robot could remain purely ball-like (better facilitating
cradling and suspected calming effects) or become more
agent-like (likely affording more expressivity for engagement
and guidance). Robots in the skills acquisition domain tend
to feature anthropomorphized forms (e.g., [24]), while prior
robots with breathing motions typically feature abstract or
animal-like forms (e.g., [18]). We ultimately decided in favor

of anthropomorphizing the robot with a distinct neck and
head in order to optimize for interactivity. User testing of
foam mock-ups of both modalities supported this decision.

2) Robot Scale: We chose the exact scale of the robot
based on user testing with foam mock-ups of various sizes.
It became clear that the smallest robot, at 7 body diameter,
could potentially inspire care-giving tendencies that have
been shown in other robots to enhance skills acquisition [12],
[25]. Early testers commented on how they wanted to “care
for” and “felt more empathy for” the smaller robot whereas
larger ones felt “intimidating” or like they “have the power.”

3) Tactile Breathing Experience: We prioritized the
robot body’s tactile quality as a way to invite haptic inter-
action with the robot. Past research on robot materials has
shown a significant preference for compliant surfaces over
hard ones [26]. We therefore decided to have the robot wear
a soft “sweater” over a thick silicone skin covering moving
plastic plates underneath (Figs. 1, 2). The silicone would
provide cushioning and prevent finger-pinching, while the
sweater featured a soft microfiber textile ideally reminiscent
of clothing worn while relaxing.

4) Robot Expressions: We decided the robot head should
have digital eyes, nodding head movements, and audio
capabilities as these are well-known elements for social
robot engagement [27], [28]. We designed these elements
to be friendly and encourage the care-taking and empathy
previously observed in testing. For the robot’s eyes, we
chose to imitate large googly-eyes used on early foam mock-
ups, which were much-loved by users and provided an
endearing “doe-eyed” look. For audio, we designed two sets
of audio effects in Garage Band and Audacity software:
chimes to signal different breath phases, and audio bites for
different behavioral states. We created the latter by modifying
recordings of human sighs, coos, giggles, and yawns.

IV. ROBOT PROTOTYPE

With foundational design decisions made, we built a fully
integrated prototype for use with participants (Section V).

A. Mechanical and Electrical System

The prototype’s body was formed from a series of Multi
Jet Fusion 3D printed shells. The top shell is attached to
a Dynamixel MX-64AT motor via a linkage mechanism to
produce the robot’s up-and-down breathing motion (Fig. 2).
Each breath consists of approximately 2/3 of an inch of
vertical displacement. A capacitive touch sensor is located
on the robot’s front plate for additional user interaction.

The robot head and neck were formed by Selective Laser
Sintering 3D printing and feature one degree of freedom
(nodding) from a Dynamixel AX-12A motor. The head also
houses a USB speaker and two 2.2” TFT digital eye screens.

B. Software Controls and Robot States

The screens, capacitive touch sensor, and speaker are
controlled by a Raspberry Pi 4B in Python. This system also
controls the robot’s behavioral states and two motors.

We implemented a simple set of behavioral states: (a)
Sleep: randomizing between various “sleep breaths” with






