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Abstract— Psychology has shown us that user perception of
technology, and subsequent acceptance, is heavily dependent
on individual experiences, a form of user priming. In viewing
and interacting with robots, users attribute character traits to
the system through the process of psychological attribution.
This attribution often occurs by coincidence as a result of
past experiences, and not by intentional design. This paper
presents a flexible, expressive prototype that has been designed
to implement a methodology for creating intentional attribution
to existing mobile robots, resulting in an altered perception
of the nonanthropomorphic robotic system. The prototype
allows customization through five modalities: customizable eyes,
breath motion, movement, color, and form. Intentional priming
is established by having the human viewer observe a human
performer interact with the same robotic platform in different
power/valence/acceptance configurations. Initial results char-
acterize one configuration of the prototype inside an artistic
performance, showing that distinct priming experiences create
a change in viewer impression. Qualitative feedback from this
performance will be leveraged to guide future development and
more detailed characterization with users.

I. INTRODUCTION

Robots hold the potential to create artificial agents that
help in home scenarios, particularly inside the growing
market of older adults. An increasing number of consumer
robotic systems are being designed for the household en-
vironment, e.g., commercial assistive robots like Bosch’s
Mykie robot, Mayfield Robotics’ Kuri, Jibo Inc.’s Jibo and
Anki’s Cozmo. The success of these robots is largely rooted
in their acceptance by users. This acceptance is owed to
multiple factors such as utility, ease of interaction and
hedonic value.

Another key factor is the concept of psychological attri-
bution, whereby a user’s opinion on technology is altered
by their perception of physical characteristics of a piece
of technology, as well as the rhetoric surrounding the tech-
nology itself. Even when this attribution is not attended to
by robot designers, users will create narratives that explain
the animations of robotic devices. For example, consider the
plethora of videos on the internet of cats on top of Roombas,
and other attributions that range from hilarity to sadness, for
this functional, relatively blank, yet prevalent robotic device
[33], [34].

Individual perception of technology develops over a life-
time of experience, and can have unexpected contributing
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factors. Often, this develops unsupervised, and results in
an individual perception based on consumption of different
forms of media and storytelling. Priming is a psychological
tool that can be used to tap into this perception through
an intentionally designed rhetoric that can be attached to
different forms of technology. In [8], Darling et al. explore
the relationship between emphatic concern and the effect
of priming through stories in the interaction with robotic
systems; results of the study show that people are less likely
to strike the insects with a backstory.

Early work by Heider and Simmel [13] highlights the
power of psychological attribution in associating intention
to inanimate objects. [13] outlines a study where human
subjects were shown videos of simple geometric figures
moving in ways that associate their behavior with a story. In
one case, the story portrays fighting between two figures, and
in another the story shows one figure chasing another. This
led the participants to associate intentionality the movement
of the geometric figures, thus resulting in an association
of feelings such as desire and belief with subsequent char-
acteristics traits and expectations attached to each figure.
Modern research in human robot interaction extends this
idea, suggesting that there is a strong link between a user’s
perception of a robot’s characteristics and subsequent user
behavior. For instance, [26] describes the concept of the
Theory of Mind, that outlines people’s tendencies to interpret
human behavior in terms of intentional causal mental states,
such as beliefs, desires and intentions, suggesting that this
interpretation is an automatic and immediate process that is
hardwired into the brain’s function.

Other studies have tested different approaches to attribut-
ing intentionality to robots. In [28], the authors find that the
observation of intentional harm committed to an inanimate
entity such as a robotic arm prompts an attribution of mind to
the entity. [10] claims that the grouping of a robot in social
organization based on gender, age or ethnic identity leads to
increased anthropomorphic attribution of the robot, thereby
leading to an increased sense of intentionality in its actions.

Psychological attribution does not always occur by design.
For instance, in [11] we see example where users name their
Roomba robot, thus giving it an added social identity. [14],
[30] tell us that it is natural for humans to try and extract
information from robotic actions, subsequently attributing
intentionality to robot movement characteristics. In [11], for
instance, user study participants describe the movements of
a robot vacuum cleaning system, the Roomba as “cute” or
“pathetic”, even though such a correlation may not have been
intentioned when designing the purely functional movements
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of a Roomba. The achievement of social assimilation albeit
by coincidence and not by intention is an example of users
associating decisions made by the robot to its personality
traits, as opposed to the functional algorithm that determines
its movements.

Three models have emerged that explore the factors that
influence societal and individual acceptance of new technolo-
gies: namely, the Technological Acceptance Model (TAM),
the Theory of Reasoned Action (TRA) and the Model for
Acceptance of Technology in the Household (MATH) [29].
TRA tells us that lifetime experiences play a significant role
in the development of personal opinions that subsequently
create normative behavior. TAM suggests that the acceptance
of new technologies is linked to the predictability of behav-
ior, along with the perceived ease of use of the system in
question. MATH credits the acceptance of a given technology
with its perceived usefulness, hedonic value and social gains.

In related work, we have explored the medium of per-
formance art as a priming tool [4]. Inherently, performance
art is an area that aims to suspend an audience’s perception
of reality through storytelling. Thus, performance serves as
a suitable medium to build characters around robots that
prime the audience to induce a greater sense of attribution in
subsequent interactions with the system. However, we lacked
the right hardware tools to build characters that can exhibit
distinct characte traits in a performance setting. In order to
build different characters around the same robot platform,
it is crucial that each character has distinguishable features
that make them mutually separable. To this effect, this paper
uses the design methodology outlined in [5] to produce a
customizable prototype suitable for theatrical settings and
feasible for near term in home integration.

The rest of this paper discusses this prototype, its devel-
opment, and an initial characterization with human viewers.
In Section II, we review a previous design methodology
employed here. In Section III, we discuss how this prototype
was developed through artistic exploration with an artist-
in-residence in a robotics lab. Section IV discusses the
design of our so-called Dancing Droid (DD), and Section
V describes implementation choices made for a hardware
prototype. Section VI outlines a user study and discusses its
results. Concluding remarks are made in Section VII.

II. PRIOR DESIGN METHODOLOGY

In prior work we developed a robot design methodology to
project character archetypes onto robotic systems of different
form factors [5]. This work uses the Kansei Engineering
Flow iterative design approach [21], in conjunction with
the Product Channel Consumer paradigm [7] and Laban
Movement Analysis [25].

Kansei Engineering was first introduced as a design
methodology in Japan in the 1980s. The Japanese word
’kansei’ refers to a “consumers psychological feeling towards
a new product” [21], and Kansei Engineering presents an
iterative approach towards the design of consumer-focused
products. As outlined in [21], the main points that concern
this methodology are:

• How to grasp the consumer’s feeling (Kansei) about the
product in terms of psychological estimation

• How to define the design characteristics based on the
consumers Kansei

The product, channel, consumer paradigm explores design
perception by thinking of the product as a transmitter of
information, and the consumer as a receiver of information,
placing the interaction between the two in an environmental
channel [7]. This model suggests that our consumer can be
influenced by biases in the environmental channel, which is
further explored in [23].

Laban Movement Analysis (LMA), a somatic methodol-
ogy developed by dance scholar Rudolf Laban. This frame-
work serves as a means to to describe, visualize, interpret and
document movement. LMA introduces the concept of Effort,
a qualitative movement descriptive word that is aims to
describe a movement’s use of energy. Effort can be described
through the Effort Factors Flow, Weight, Time, and Space.

Thus, the design methodology [5] uses character
archetypes, the Kansei Engineering methodology, Laban
Movement Analysis and the product, consumer, channel
paradigm to project a character onto a robotic system. It
is summarized as follows :

1) Choose the desired character archetype to be projected,
either through an existing character from popular cul-
ture or by creating a new character

2) Identify the desirable character traits for the chosen
character archetype using descriptive tools like Laban
Movement Analysis

3) Choose the desired robotic platform
4) Using the Kansei Engineering Flow technique, abstract

the archetypes in successive levels, and arrive at phys-
ical characteristics for the chosen robotic platform that
are unique to the chosen character archetype

5) Visualize the platform in the product, channel, con-
sumer paradigm to understand the interactive, move-
ment and appearance characteristics that transmit in-
formation to the user

6) Identify the means of priming that will be used to give
a backstory to the character

7) Prime the user with a backstory prior to their interac-
tion with the robot

The methodology is outlined in Figure 1, which denotes
the symbiotic relationship between the product and the con-
sumer. In this case, the product is the robot, and the consumer
is the human user. The Kansei Engieering Flow process that
informs the design of the robot can be seen in the product
side of the interaction. Through physical characteristics like
the controller, logic of a chatbot and the animated eyes,
the robotic system exhibits artificial intelligence that leads
to a symbolic interaction between the consumer and the
system. This interaction is fueled by a user’s predispositions,
and is informed by the psychology models discussed above.
The interactive elements of the system lead to a physical
interaction with the user, whereby the user interacts with the
robot using pre-established mappings.
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Fig. 1: Design Methodology Outline

In [?], we used this methodology to abstract known,
archetypal characters onto virtual robots. Here, we learned
that in developing backstories based on very well-known
fictional characters, user interactions with these robots come
with a lifetime of biases as a result of repeated exposure and
memories of the character traits. Going forward, to test the
effectiveness of this priming in increasing the acceptance
of in-home robots, we wanted to develop more abstract
relationships between humans and a real robot. Thus, an
artist-in-residence was recruited to work in tandem with a
hardware platform development to create the performance
piece “Time to Compile”. This was used as an experimental
testbed to see if we could create a priming experience to
shift perceptions of humans about a novel robotic prototype
for the household.

III. WORKSHOPPING WITH AN
ARTIST-IN-RESIDENCE

This prototype has been developed in concert with an artist
in residence, who is co-creating a piece, Time to Compile.
Inside this residency, we have learned what kinds of features
this artist would want in an on stage agent. Moreover, we
have an opportunity in which to test perceptions of the robot
in a highly flexible contextual embedding (the performance
of the piece in theaters). Thus, the two efforts have become
synergistic and create a unique opportunity to develop a
prototype that will helps us learn how to create intentional
priming experiences for users of future robot designs.

A. Process Description

During two roughly two week periods, our artist-in-
residence began crafting a piece, which ultimately explored

her experience working in a robotics lab. This artistic explo-
ration began simply through moving (and dancing) with the
robots available in our space. This included creating duets,
forming relationship through touch and embrace, and adding
theatrical lights to an otherwise fixed, fluorescent-lit space,
as shown in Figure ??.

Fig. 2: Artist-in-residence in process.

An explicit charge (the only explicit charge) given to
the artist was also to teach workshops on movement and
choreography with students in the lab. This transfer of
knowledge brought students into the choreographic process
as well. Examples of lessons included group activities that
focused on how clarity of movement creates more intentional
connection among humans, viewing and discussing prior
work of the artist, and individual composition assignments.

Through this bidirectional knowledge transfer, artistic
goals became aligned with dissecting the collaborative pro-
cesses in a robotics lab on stage. Moreover, research goals
became aligned with exploring variable choreographic con-
texts with robotic hardware. In this alignment, it became
evident that a customizable, cheap robotic layer was needed
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to augment existing robotic platforms. this is still a little us-
specific; moreover, at the conclusion, make sure to elaborate
on how this aligns with ASPIRE.

B. Inspiration for System Design

Through this process, working with extant robots, we’ve
accrued a wish list of design features, explained within the
context this artistic collaboration, as well as prior collabora-
tion and work (including outreach activities), is given here.

• The motion of the hardware is limiting; particularly
sharp changes in velocity, which characterize a flick
or punch require large force/torque profiles that real
hardware struggles to create.

• The hard, plastic moldings of many robots restrict
much of the texture of the onstage system. Moreover,
several designs, such as on the Softbank NAO, can,
particularly in the context of a male-dominated field
imply masculine gender through defined bicep muscles,
broad shoulders, and fixed, industrial color ways.

• Many systems incite science fiction comparisons imme-
diately, which can be hard to battle. This is especially
true of humanoid systems.

• Touching, say a cheek, to these platforms does not
create the kind of relationship that even, say, touching
a peach to a cheek.

• Having the same robot portray different characters is
challenging, specifically in non-humanoid form factors.

• Choreographing movement is an arduous process that
involves a lengthy compile time and necessitates the
presence of a programmer.

• Coordination with multiple robots of different form
factors involves using multiple machines and software
programs. This is most evident in cases where they do
not run on the same software version of collaborative
robot tools like Robot Operating System (ROS).

• Troubleshooting is a very time-consuming process, and
requires a constant back and fourth with customer
support teams from the manufacturer to diagnose the
root of a problem.

As a result of these findings, a prototype design is proposed
in the following two sections.

C. An HRI Testbed

Moreover, Time to Compile, which explicitly explores
themes of interaction with robots, occlusion, power, valence,
and acceptance, provides a testbed where, through tweakable
elements of performance, we can begin to characterize our
hardware. Indeed, to this end, Time to Compile has become a
piece that is uniquely synergistic with HRI questions, and has
become a flexible piece that provides distinct experiences to
distinct audience members (who also come into the show
with their own distinct priors). The frustration that can
accompany filling out tiny forms on a phone, for example,
is part of the frustration with technology that the piece is
communicating.

IV. HARDWARE DESIGN

In this paper, we sought to design a ground robot to be
used in a performance user study, in conjunction with dancers
and choreographers. Thus, we emphasized on the following
characteristics of the system:

• Customizability in modalities such as color, shape,
texture and expressive eyes.

• Expressivity through dynamically unconstrained de-
grees of freedom like lights and expressive eyes.

• Bilateral symmetry established through eyes and move-
ment orientation.

• Accessibility through the use of cheap and readily
available parts.

• Ease of use.

Fig. 3: Different characters layered on the same base platform

The resulting Dancing Droid (DD) is an expressive shell
constructed using cheap, readily available electronics that can
be layered on top of existing robot hardware. This results in a
customizable expressive layer that can be tweaked to project
different characters on the same base form factor.

V. FABRICATION, ASSEMBLY, AND CONTROL

The design in Figure 3 was used to develop a prototype
through the implementation choices described here. We use
the iRobot Create mobile platform as the form factor for the
DD prototype. This unit is cost effective, easy to work with,
and shares the base design as one of the most popular and
prevalent in home robots, the iRobot Roomba.

The DD is comprised of four main components that are
modular, easing the process of assembly. These four compo-
nents, the shell, the core, the eyes, and the expressive lights,
are delineated below with explanations of the fabrication and
assembly process.

A. Shell

The shell of the DD encloses the electronic components
and gives it the intended shape. In order to keep the mass of
the DD as low as possible, the shell was created by stacking
sheets of Expanded PolyStyrene Foam (EPS). The EPS foam
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was obtained in sheets 1” thick and cut to size in order for it
to fit in a laser cutter. The laser cutter was configured with
the appropriate settings and the shapes to be cut were input
as files generated by the Creo Parametric Software Package.
Once cut, these pieces of EPS foam were glued together
to form the base of the DD, while the hemispherical top
was obtained off the shelf, also made of EPS. In order to
have customizable color, both base and top were covered in
colored spandex, that would serve to enhance the appearance
of the DD.

B. Internal Control Architecture

At the center of the platform lies the core, shown in figure
4 that houses the batteries required to power the system,
along with a Raspberry Pi 3 and an Arduino Uno for the
programming logic. This shell is housed on top of the iRobot
Create 2, which is programmable through a USB Serial port
connected to the Raspberry Pi 3. The circuit assembly for
the core is shown in Figure 5.

Fig. 4: Circuit Assembly [31], [32]

This core is the center of computing and power distribution
of the DD. The components are housed in a custom-designed
and 3D printed shell that efficiently packs all the electronic
components into a compact area, enabling it to fit inside of
the shell described in V-A. The components housed in the
core are:

• Raspberry Pi 3 with Raspberry Pi Hat
• Arduino Uno with power distribution circuit
• 20100 mAh battery pack
• 3xAA (4.5V) battery pack

C. Dynamically Unconstrained Degrees of Freedom

Two 1.4” TFT LCD screens are positioned between the
dome and the base to create “eyes”. As mentioned previously,
these screens establish bilateral symmetry and provide an
element that can change without less significant velocity
constraints than the motion of the vehicle (the dynamic
constraints of the LED screens are below the resolution of
human perception). They are controlled the Raspberry Pi by

means of an Adafruit Snake Eyes Bonnet, an accessory for
the Raspberry Pi that was designed explicitly to drive two
miniature displays from the same source. The eyes displayed
are designed based on an ”expressive eye model”, explained
here. In this model, we start with a base circle that for the
eye that divided into the upper and lower halves. We provide
specifications for the left eye, with the right eye taking a
mirror image of the shape described. The following changes
induce different effects:

• Chord with clockwise degree and y axis distance
• Concave circle with percent size

Fig. 5: Examples of eye shapes that may be used to express
distinct internal states or reaction of DD. Top: Chord with
angle 30o and y value 2. Middle: Concave circle with 30%
size. Bottom: Chord with angle -30o and y value 2.

In Figure 5, we see four examples of different shape eyes
that can be yielded using this model.

Additional lights comprised of an LED strip that surrounds
the base of the Styrofoam shell create the desired “breathing
motion” from our design. This strip is programmable and
can thus be used to exhibit a different cadence and intensity
(brightness) of simulated breathing. Initially, we designed
a smooth pulsating simulation of breathing, but this element
can be modulated to show changing internal state to a human
viewer in an intuitive manner – parallel to other tasks the
robot may be fulfilling.

D. Assembly

The final assembly of the individually fabricated compo-
nents is shown in the figure below.
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Fig. 6: Final Assembly and Wiring. The numbered compo-
nents are: 1) Power connection between expressive lights
and three-cell battery. 2) Data connection between Arduino
and expressive lights. 3) Arduino Uno with custom hat.
4) Raspberry Pi with Snake Eyes hat. 5) Ribbon Cables
connected to TFT screens. 6) Bottom Shell. 7) Top Shell.

This construction resulted in an expressive shell that is
layered on top of a iRobot Create 2. By changing the pro-
gramming logic in the Raspberry Pi 3 and the Arduino Uno,
we can specify custom expressive eyes, breathing cadence
and movement profiles. The finished product is shown in
Figure 7. This was used in a user study as is described in
the following section.

VI. INITIAL CHARACTERIZATION

The DD prototype was characterized in an showing of
Time to Compile at Brown University as part of a residency
through the Conference on Research on Choreographic In-
terfaces (CRCI). The performance was attended by 40-50
individuals. Audience members, from a pool of 36 formal
RSVPs, were optionally invited to participate in our user
study. These audience members filled out a presurvey before
the performance, a post-performance survey, and a post-
interactive installation survey. The responses for the DD
specific questions are gathered here. Unfortunately, com-
plications with event logistics and audience appetite for
participation results in a limited set of user responses.
Audience members were asked to fill out multiple surveys
on their phones over the course of the night, which was,
in the end, not a convenient method for data collection.
Future performance-as-research explorations could optimize
how the surveys are incorporated in a more controlled way
into the actions requested of the audience.

Thus, we have 7 participants who correctly and completely
filled out the DD specific questionnaire. Of these, 3 were
male, 3 were female, and 1 did not identify gender. The
age range was 28 - 62 years old. During the performance,
these participants were divided into two groups. Both groups
saw the robot inside the larger context of Time to Compile
which takes place in the setting of an abstract robotics lab
and uses four total performers to represent the process of
programming on a team.

Fig. 7: Left: positive relationship (high valence, high power)
during performance; right: negative relationship (low va-
lence, low power) during performance.

Each group viewed the performance from different loca-
tions in the room that intentionally restricted their view of the
performers and their interactions with the robots. Participants
in Group 1 saw the performer interacting with the DD
while demonstrating high power and positive valence, while
participants in Group 2 saw the performer interacting with
the DD while demonstrating low power and negative valence.
Thus, Group 1 viewed the performer in a positive relationship
with the robots, while Group 2 viewed the performer in a
more negative relationship with the robots. Figure 7 shows
an example of each.

Group 1 participants saw the interaction with the DD
during the second half of the performance, witnessing a
positive relationship between human performer and robot.
The performer stood, redirected the DDs movement by
tapping it with a foot or kicking it playfully, and smiled,
demonstrating that it was a fun and positive interaction. If
the DD went out of the boundaries of the performance space,
the performer treated this momentary escape as a little joke,
before containing the robot by redirecting its movement once
more. The performer was calm, deliberate in the movement,
and displayed positive emotion towards the DD.

Group 2 participants saw the performers interaction with
the DD during the first half of the performance, witnessing
a negative relationship between human performer and robot.
The performer struggled with the robot while on the ground
as well, redirected the DDs movement by nervously hitting
it with a hand or foot, and appeared stressed and upset by
the robot. If the DD went out of the boundaries of the
performance space, the performer would realize it was far
away then frantically try to catch it, back away or recoil
if it was coming closer or made contact unexpectedly, and
display negative emotion towards the DD.

A. Results and Analysis

We aim to explore perceptions of the DD after viewing a
positive or negative human interaction relationship as well
as gain a baseline characterization of the robot through
an established query method. We use an adaptation of the
Godspeed questionnaire, a measurement tool often used in
human robot interaction research, to evaluate the participants
attitude towards robots using semantic differential scales
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[1]. These questions condense to the three qualities of
Anthropomorphism, Animacy, and Likeability. Additional
questions also measure the participants attitude about the
robots intelligence, outlook, and movement profile, leading
a fourth combined quality of Engagement.

Fig. 8: Individual participants’ ratings on the four Godspeed
scales of Anthropomorphism, Likeability, Animacy, and En-
gagement. These results show that the lowest ratings were for
Anthropomorphism (average of 15.2) and the highest were
for Likeability (average of 57.8).

In Figure 8, we see what each participant rated the
DD on the four Godspeed scales of Anthropomorphism,
Likeability, Animacy, and Engagement. The most negative
scores were for Anthropomorphism, with an average score of
15.2. Even so, the most positive scores were for Likeability,
with an average score of 57.8. Animacy and Engagement
were similar, with an Animacy average score of 36.3 and an
Engagement average score of 41.0. It is important to note
that the Engagement scores may not be fully representative
as the participants never interacted themselves with the DD,
but only witnessed a human performer in different interaction
modes. Future investigation of the perception of the DD
could include a time for participant interaction with the robot,
in order to examine how that personal engagement may alter
their ratings of the robot.

Fig. 9: Aggregated Godspeed evaluation of two participants,
one from each performance group, as an example of extreme
variation (especially for Engagement and Likeability). Be-
cause not all comparisons between participants of differing
groups were as strong as this example, we can not conclude
performance group defined the persons perception of the DD.

When examining these results, Figure 9 divided by par-

ticipants performance group, there was minimal consistent
variety between Group 1 and Group 2. There were partici-
pants in both groups who scored the DD positively, as well
as participants in both groups who scored the DD negatively.
Figure above is an example of the extreme variation between
a participant in Group 1 and a participant in Group 2.
However, because not all comparisons between participants
of one group to another were this strong on scales such as
Engagement or Likeability, we can not conclude from this
study that performance group defined the persons perception
of the DD. Indeed, we know that prior experiences with
robots are a large piece of this effect.

For example, Participant 4 rated the DD very negatively,
but also identified that past experience with robots included a
lot of time with a different robot in the performance known
as Baxter. This participant reported after the performance
that the Baxter was desirable, while the DD was annoying
and childish. It may be possible that this participants past
experience with Baxter influenced their perception even of
other robots. They may use Baxter as a baseline concept of
what robots should be like, but the DD does not share many
aspects of design or function with Baxter. Future research on
the perception of the DD will more intentionally investigate
peoples predisposed perception of the robot, as the bias
participants have coming into the study is a strong factor
to overcome or change.

VII. CONCLUSIONS

In this paper, we applied a previously developed de-
sign methodology to project character traits onto a ground
robotics platform. In previous work, we tested this method-
ology in a Virtual Reality environment. Here, we worked
with an artist to validate the results in a performance setting.
This was done by building an expressive robotics platform
based on the artist’s specifications. Results show that while
participants gave high scores when considering the DD for
Likeability, they also gave low scores for Anthropomor-
phism. Results also show that the differences in Godspeed
ratings between performance groups were not consistently
strong enough to conclude that performance group defined
the participants’ perception of the DD. In future work,
we hope to conduct more user studies, where we change
individual knobs of our system such as priming, context and
robot design elements.
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