Check for
Updates

Exploring Collaborative Movement Improvisation Towards the
Design of LuminAl — a Co-Creative Al Dance Partner

Milka Trajkova*
Georgia Institute of Technology
Atlanta, Georgia, USA
mtrajkova3@gatech.edu

Andrea Knowlton
Kennesaw State University
Kennesaw, Georgia, USA
agisekno@kennesaw.edu

ABSTRACT

Co-creation in embodied contexts is central to the human experi-
ence but is often lacking in our interactions with computers. We
seek to develop a better understanding of embodied human co-
creativity to inform the human-centered design of machines that
can co-create with us. In this paper, we ask: What characterizes
dancers’ experiences of embodied dyadic interaction in movement im-
provisation? To answer this, we ran focus groups with 24 university
dance students and conducted a thematic analysis of their responses.
We synthesize our findings in an Interconnected Model of Impro-
visational Dance Inputs, where movement choices are shaped by
the interplay between in-the-moment influences between the self,
partner, and the environment, a set of generative strategies, and
heuristics for a successful collaboration. We present a set of design
recommendations for LuminAl a co-creative Al dance partner. Our
contributions can inform the design of Al in embodied co-creative
domains.
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1 INTRODUCTION

Co-creativity—or collaboration in a real-time creative partnership—is
common across many domains (e.g., dance, improvisation, sports,
work, and play) and is how we socially make sense of our environ-
ment through interwoven exploration, reflection, and action. As
common as this experience is in our daily lives, it rarely defines
our interactions with computers. Furthermore, we have little under-
standing about how computers can co-create with us in embodied
domains, or environments in which we create, manipulate, and
share meaning “through engaged interaction with artifacts” [32]).
While prior work has explored how to develop artificial intelligence
(AI) systems that can generate art [74, 75, 104] and co-create with
humans in domains like drawing and improvising music [26, 46],
researchers have yet to explore how humans and AI agents can
intertwine cognitive processes and knowledge with physical explo-
ration and execution in a shared, creative environment.

We take a human-centered approach [97], seeking to develop a
better understanding of embodied human co-creativity to inform
the design of machines that can co-create with us. The end goal of
our work—extending beyond the scope of this paper—is to develop
a software architecture to facilitate the authoring of embodied in-
teractive agents that can co-create with people in movement-based
improvisational domains. This paper seeks to first develop an under-
standing of embodied co-creation within the domain of movement
improvisation. While a variety of HCI research has explored how
to design tools to enhance dance rehearsal and create novel per-
formance experiences (e.g., [35]), to our knowledge, no prior work
has contributed a practice-based understanding of collaborative
human movement improvisation with implications for the design
of co-creative AL

We aim to answer the research question: What characterizes
dancers’ perceived experiences of embodied dyadic interaction
in co-creative domains like movement improvisation? We con-
ducted a set of focus groups with students in a dance BA program in
the southeastern United States and completed a thematic analysis
of participant responses. We synthesize our findings in a model
of improvisational dance inputs where movement choices can be
shaped by interplays such as in-the-moment influences between
the self, partner, and the environment as well as a set of generative
strategies and heuristics for a successful collaboration. We then
present a set of design recommendations for LuminAl a co-creative
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Al dance partner. This paper contributes to the broader HCI re-
search community a model of improvisational dance inputs that
can be used to guide and inspire the design of future technologies in
embodied improvisational domains. Our ongoing and future work
takes a design research approach [128] to evaluate this model in
practice by using it to guide the design of LuminAL

2 FOUNDATIONAL RESEARCH

First, we present prior work that is foundational to our study design.
We discuss a design artifact, LuminAI that has motivated this work
and provides a future use and evaluation context for the design
recommendations we identify. In addition, we describe the move-
ment theories that have informed the design of LuminAI and the
enactive cognitive framework of Participatory Sense-Making (PSM),
a theory that guides our understanding of embodied movement
improvisation.

2.1 Design Artifact: LuminAIl

We have developed LuminAlI (Figure 1), an interactive installation
in which an AT agent-projected onto Holotronica’s patented Holo-
gauze scrim—can collaboratively improvise movement with a hu-
man partner using computational formalizations of improvisational
movement theories from theater and dance [115]. The human’s
movements are tracked using motion capture technology. The Al
can learn and reason about the human’s movements using Laban
Movement Analysis [60] and Viewpoints movement theory [11] (see
2.2), recall movements it has learned in the past, and generate new
movements by transforming observed gestures.

We developed LuminAI from a top-down perspective based on
our understanding of movement theory and some consultation with
dance experts. We have previously evaluated LuminAI primarily
with non-dancers. Here, we take a more human-centered approach
[97] by involving dance students in the design process, allowing us
to explore nuances of communication, coordination, and reasoning
about movement that only arise after years of practice. This will
allow us to eventually develop an agent more closely capable of
expert-level movement improvisation and ensure the agent is useful
to dancers. We reference our prior experiences with and future goals
for LuminAI throughout the paper to contextualize our study and
results.

2.2 Movement Theories

LuminAI utilizes two different movement theories, which also in-
formed our focus group study and data analysis. Laban Movement
Analysis (LMA) is a method and language for describing, visualizing,
interpreting, and documenting human movement [60]. Developed
by Rudolf Laban, LMA draws from his work in dance, choreogra-
phy, and movement education. It encompasses several elements,
including Body (identifying parts and movements of the body), Ef-
fort (concerning the dynamics of movement), Shape (the design in
space and relation to the environment), and Space (paths and direc-
tions of movements). LMA is used in various fields, including dance,
physical therapy, psychology, and animation, for understanding
and interpreting human body movement.
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Viewpoints is a movement theory primarily used in theatre and
dance that focuses on exploring physicality and space [11]. It origi-
nated from the choreographic work of Mary Overlie, who broke
down performance into six fundamental categories [11]. Later, the-
atre directors Anne Bogart and Tina Landau expanded it into nine
viewpoints [11]. These viewpoints cover two categories: Time (in-
cluding tempo, duration, and rhythm) and Space (including shape,
gesture, architecture, spatial relationship, and topography). This
theory allows performers to develop an intuitive understanding of
movement and space, fostering improvisation and ensemble work
in performance.

2.3 Enaction and Participatory Sense-Making

Our current work is grounded in the theory of enactive cognition,
which argues that much of human cognition is determined by how
our bodies are able to interact with the environment. According to
enactivists, cognition involves a social process of participating in
each other’s sense-making, in which interactors are actively making
sense of each other through interlaced processes of perception and
action [27]. Interactors coordinate with each other using various
methods, such as facial or vocal expression, eye contact, gesture,
turn-taking, touch, and affect attunement [27]. Di Paolo and De
Jaegher describe three levels of sense-making corresponding to the
level of participation in a dyadic social interaction [27]. In individ-
ual sense-making, both individuals are not participating in creating
a shared meaning and are mostly self-exploring. In orientational
sense-making, one individual tries to influence or be influenced by
another’s sense-making activity. Finally, joint sense-making corre-
sponds to the highest participation level in which we find complex
cases where shared meaning emerges.

Some prior research has explored enactive cognition within the
domain of dance improvisation. van Alphen et al. [118] studied par-
ticipatory sense-making in the highly structured improvisational
context of the tango, but little work to date has engaged in an
in-depth study of participatory sense-making in open-ended im-
provisational dance. Savrami et al. [99] also call for more research
relating enactivism to dance. The questions we included in our fo-
cus groups and, resultantly, some of the themes we identify reflect
and attempt to understand how dancers engage in participatory
sense-making.

3 RELATED WORK

In addition to the foundational research presented above, we first
draw on a body of related literature on movement improvisation
and dance technology followed by a review of work on embodiment,
embodied human-agent interaction, and co-creative AL

3.1 Studies of Dance Improvisation and
Technology in Dance

We delve into dance improvisation studies to better understand
the landscape of improvisation to inform the design and future
use of embodied co-creative systems. This section defines dance
improvisation, underscores its significance, outlines the challenges
faced during the creative process, and highlights traditional and
modern dance technologies.
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Figure 1: Three Differents Variations of LuminAI projected onto the Hologauze scrim.

3.1.1 Definition. Improvisation is a rigorous form of creativity
[2, 6], requiring actors to simultaneously manage multiple pro-
cesses. This involves navigating the interplay between individual
factors (such as skills, emotions, physical state) and environmental
elements (like the actions of fellow performers, positioning of ob-
jects, and the surrounding space). Dance improvisation, described
as the spontaneous "movement of the moment" [10], is the real-
time creation and performance of unplanned movement [2, 16].
It demands immediate action and interaction, involving complex
coordination and alignment between dancers [44, 84, 87, 94, 118].

3.1.2  Importance and Use. Dance improvisation is crucial for artis-
tic exploration, cultural preservation, and dance innovation [1, 67,
93, 94, 118]. It enhances creativity, allows movement exploration,
and fosters personal expression [30, 111]. Beyond artistic expres-
sion, it plays a therapeutic role, aiding populations like those with
early-stage dementia and Parkinson’s Disease [45, 66]. In essence,
dance improvisation serves as a tool for exploration, connection,
and emotional resonance, with implications for both artistic and
therapeutic domains.

3.1.3  Challenges. Creativity in dance is complex, intertwined with
the environment, the dancer’s cognition, and external technolo-
gies [111]. Prior work highlights challenges dancers currently face
while improvising, which can impact their creative process and
performance. These include: the pressure of originality, potentially
causing performance anxiety and self-censorship [30]; the need for
effective coordination, mutual agreement, and synchronization dur-
ing dyadic improvisation [84]; the balancing act of employing con-
straints to guide movement, while ensuring motor creativity [110];
habitual repetition of certain movements which can restrict impro-
visation [43]; and challenges in integrating technology in dance,
which can introduce surveillance concerns and shape digitally-
mediated identities [7]. Acknowledging these challenges is vital for
the development of embodied co-creative tools.

Overall, there is a lack of understanding in the the basis of im-
provisational choices among dancers, spanning the individual, their
partner, and environmental influences. To develop improved Al
solutions, we need to delve deeper into the factors affecting face-
to-face dyadic interactions.

3.1.4 Genesis of Dance Technology and Al Application. Dance has
been influenced by both traditional tools, like mirrors [28, 114], and
modern technologies, including motion capture and virtual reality
[113]. Digital technologies in the dance domain range from tools
aiding creative composition and enhancing stage performances
with visual and auditory elements, to environments supporting
dance education and practice, systems for movement documenta-
tion and analysis in research, and digital games centered around
dance themes [90]. Examples by [91] and [127] are specific to im-
provisation. Recent studies highlight AT’s diverse applications in
dance, from movement recognition to online teaching platforms
[50, 56, 76, 112, 121, 124-126]. These technologies, however, do not
incorporate Al-driven decision-making for improvisation.

3.2 Embodiment in Technology Design

The concept of embodiment in design has garnered significant
attention in recent years, particularly in the integration of bod-
ily experiences into technological interfaces. Dourish [31] posits
that meaning is constructed through our physical and social, or
"embodied," interactions with the world. More recently, the phrase
"embodied interaction” has been applied to describe interactive in-
stallations that respond to hand gestures and body movements [49]
[112] [17]. Mueller et al. [79] explored a more humanized techno-
logical future by embracing the human body as both a “Kérper” and
“Lieb.” The Korper perspective refers to the physical body, while the
Leib perspective refers to the lived body with feelings, sensations,
perceptions, and emotions. They push designers to embrace the
body as digital play. This aligns with the notion of somaesthetic
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appreciation design proposed by Hook et al. [48], which focuses
on designing for the aesthetic and sensory experiences of the body
in interaction with technology. Additionally, Spiel delves into the
importance of considering the diversity of bodies in the design
of embodied interaction, highlighting the need for inclusivity and
sensitivity to various bodily experiences [107]. These papers col-
lectively underscore the significance of considering the body as a
central element in the design of interactive systems, and, pushing
beyond earlier research on tangible and embodied interaction (TEI),
they emphasize the need to account for diverse and multifaceted
bodily experiences and the potential for technology to facilitate
embodied play and aesthetic appreciation [79] [98].

Furthermore, Roth [98] provides insights into the role of gestures
in teaching and learning, shedding light on the embodied nature
of communication and knowledge transmission. This aligns with
the broader theme of embodiment in design, emphasizing the inter-
connectedness of bodily experiences, communication, and learning
processes. The synthesis of these papers underscores the multi-
faceted nature of embodiment in design, encompassing sensory
experiences, inclusivity, bodily diversity, and the role of gestures
in communication and learning [81].

3.3 Embodied Human-Agent Interaction

In the realm of interactive technology, the advancement of natural
user interfaces has significantly changed how we engage with vir-
tual agents and robots. Moving beyond the limitations of mouse and
keyboard, these interfaces incorporate speech, touch, and gesture
controls, enhancing user experience. Virtual reality (VR) games
epitomize this evolution, offering players immersive experiences
where physical actions like flipping burgers [105] or climbing Mt.
Everest [109] are mirrored in the virtual environment. However, the
integration of computational agents that can match human players
in terms of embodied interaction is still in its infancy.

Embodied interaction is also prominent in creative domains
like interactive art and improvisational theater. Installations such
as “A Delicate Agreement” [68] use eye-tracking and gaze-based
interactions for narrative engagement, while “Three Line Scene”
[85] employs full-body gestures for theatrical improvisation with
micro-agents. Similarly, “Shimon” [47], a robotic entity, uses sound
localization and beat detection to interact and collaborate in musical
settings.

Previous research has explored the potential of embodied inter-
action in various contexts. Studies from our research group have
looked into using embodied human-agent interaction for scene
partners in virtual environments [52] and as co-creative dance part-
ners in public interactive settings [53]. These explorations have laid
the groundwork for further research, particularly in understand-
ing the nuances of advanced human dancers and their co-creative
sense-making processes. Such studies are crucial for enhancing the
design and functionality of computational agents, aiming to achieve
a more nuanced and human-like interaction in various domains.
However, we have yet to explore how studies of advanced human
dancers and their dyadic co-creative sense-making processes can
inform the design of these agents.
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3.4 Co-Creative Al

Initial steps towards co-creative human-computer interactions have
been made in the study of co-creative agents (i.e., computer pro-
grams that collaborate with humans on a creative task). These
agents engaged users in an interactive dialogue—typically in a vir-
tual environment—where creation, suggestion, and selection of
creative content ebbs and flows between the user and the computer.
Co-creative agents have been developed and studied in creative do-
mains ranging from music improvisation [9, 46] to improv theater
[69, 72, 73, 86], dance [53], game development [42, 64], collabora-
tive storytelling [71], and collaborative drawing [26, 29]. In the
dance domain, Alfaras et al. [3] utilized sensors as part of dance
performances, investigating the integration of biodata into artistic
expression. Their work focused on designing interactive systems
that provide visual feedback on movement qualities in contempo-
rary dance groups. Several frameworks have been created to guide
the development of co-creative Al [40, 80, 95], although none deal
explicitly with embodied interaction or improvisation.

Our research contributes a novel model that is explicitly focused
on how co-creation occurs in embodied, improvisational contexts,
towards the goal of developing a co-creative Al dance partner.

4 FOCUS GROUPS

We collaboratively identified seven key topics of interest related to
embodied movement improvisation that we wanted to investigate
further in our focus groups. We identified these topics based on a
combination of literature and practice. Certain topics were moti-
vated more by practice—for instance, we have previously developed
systems for modulating Al agent leading/following behaviors, but
they have had mostly negative impacts on user experience [59, 122],
motivating a need to better understand leading/following practices
in dance. Other topics were motivated more by literature-for in-
stance, understanding focus and interaction dynamics are central
to the process of participatory sense-making [38] and have been
understudied in the domain of embodied movement improvisation.
An initial set of topics was identified by authors Long and Magerko.
These were then iteratively refined and elaborated upon in group
meetings with the rest of the authors. Each topic is described in
Table 1. A full list of questions related to each topic is in the sup-
plemental materials.

4.1 Participants

We recruited college-level Dance BA students from Kennesaw State
University, a university located in the southeastern United States
outside of Atlanta, GA. We anticipated that these students, while
experienced enough to provide valuable insights, would maintain a
learner’s perspective, avoiding an ‘expert’s blind spot’ [13].

We first conducted three focus groups with six dancers each,
covering two topics (from Topics 1-6) per group (see Table 1). We
then conducted three additional sessions with two dancers each
to cover Topic 7: Interaction Dynamics. We worked with smaller
groups for this last topic because we were also collecting motion
capture data during these sessions (not discussed within the scope
of this paper).

In total, 24 dance students aged 18-41 (x = 21) participated in
our studies, of whom 22 used she/her pronouns, one he/him, and
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Topic

Knowledge Goal

Design Goal

1. Focus

Understand how dancers shift their focus from the self to their partner to the envi-
ronment.

Improve agent responsiveness
and awareness

2. Communication Techniques

Understand how dancers use full-body actions, sound, noise, and eye contact to
communicate, what modes of communication are most effective, how communication
differs between partners, the role of physical touch, and the role of a prior relationship
with a dance partner.

Enable effective human-Al

communication

3. Leading/Following

Understand how and why dancers shifted from leading to following during the
collaboration, how they shift between leading/following in class or rehearsal, how
they signal or notice shifts in leader/follower behavior, and what leading/following
looks like.

Enable naturalistic turn-taking

4. Introducing New Ideas

Understand how dancers introduce new ideas, how they communicate a shift to a
new motif to their partner, how long they spend exploring a particular motif, when
they abandon and/or return to an idea, and how ideas evolve. A motif in dance is
a movement idea that can be developed over time. They are "organizing devices
that give the artist’s imagination a start, and so 'motivate’ the work. They drive it
forward, and guide its progress [61].

Allow LuminAI to detect and
build on motifs

5. Recognizing Value

Understand how expert improvisers recognize when a move or an improvisation
session is of high value, what this looks like in the moment, and what factors
contribute to a ‘good’ improvisation session.

Allow LuminAlI to self-evaluate
and determine when a percept
is of high value

6. Movement Strategies

Understand how dancers think of their next movement, what movement qualities
they consider when observing or performing movements, how they build on their
partners’ movements, and what constitutes a gesture. Identify common generative
movement strategies.

Validate existing response
strategies used by LuminAl,
identify new strategies and
reconsider how we define
gestures

7. Interaction Dynamics

Understand whether/how dancers shifted between being disengaged from their
partner, actively observing their partner, and mutually incorporating each others’
expressions and actions into their own bodies; shifts between physical action and
mental reflection; shifts between focused improvisation or flow [24] vs. a state of
exploration and ideation.

Allow LuminAlI to participate
fluidly in participatory sense-
making

Table 1: Seven Key Topics Explored in the Focus Groups

one she/her/they/them. Almost all (23/24) students were pursu-
ing a major in dance and had numerous years of experience in
modern/contemporary dance (X = 9 years) and other styles (see
Figure 2) with an average of 14 years of dance experience across
all participants. Participants reported training for an average of 12
hours per week. Six participants reported current injuries (e.g., shin
splints, tendonitis), and 10 participants indicated prior injuries that
influenced their dancing.

4.2 Study Design

We asked students to participate in 5-8 minute improvisational
games. The games were designed by author Knowlton, a Profes-
sor in the collegiate dance BA major program at Kennesaw State
University. The games gave dancers a concrete exercise and pro-
vided shared experiences to reflect upon. as explicit reflection after
each exercise is not always common in regular dance practice [67].
Dancers engaged in the games as pairs, while the other dancers in
the session observed. We alternated between having the mirrors in
the dance studio open vs. closed between pairs to see if collabora-
tion dynamics were affected by the mirror. Detail on exactly when
mirrors were open vs. closed is provided in the supplemental mate-
rials. After the session, dancers participated in a semi-structured
focus group. We chose the group setting to reduce intimidation and
foster ideation. Although group discussions can lead to participants’

unduly influencing each others’ opinions, we aimed to mitigate this
as facilitators.

The games and prompts given to dancers for each topic are de-
scribed in detail in the supplemental materials. For example, for
Introducing New Ideas, we asked dancers to participate in a game
called Exhaust the Motif, in which one dancer introduces a basic
motif. Together, the two dancers let the motif develop in complexity
until it can accumulate and elaborate no further. Dancers may in-
troduce a new motif at any time. We asked dancers to pay attention
to when they introduced or moved onto a new idea.

4.3 Data Analysis

Focus group sessions were recorded, and recordings were tran-
scribed prior to analysis. We used thematic analysis to identify
common themes from the focus groups. Our thematic analysis ap-
proximated the codebook approach described by Braun and Clarke,
in which researchers “use some kind of structured coding frame-
work...but consensus between coders and inter-rater reliability are
not usually measures of quality. Themes are typically initially devel-
oped early on...but...can be refined or new themes can be developed
through inductive data engagement..” [14].

More specifically, our seven high-level topics (e.g., Focus, Intro-
ducing New Ideas) served as early, deductive themes that guided
our coding process (See Table 1). However, within each topic, we
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Style of Dance

= Number of focus group participants who reported having experience in this style

s Number of focus group participants who reported this style as one of their primary styles

# Average years of experience (excluding participants with no experience in this style)

Figure 2: Summary of focus group participants’ prior dance training,.

used an inductive process to generate themes by interpreting the
data. All authors engaged with the transcripts and identified codes
(capturing single observations) within a collaborative document
[14]. Then, we collaboratively grouped codes that reflected shared
meaning into higher level themes [14].

The process of grouping codes into themes was started asyn-
chronously in a collaborative document, with calibration during
weekly virtual team meetings. Disagreements between team mem-
bers were resolved through group discussion. We then met weekly
over the course of several months to iteratively construct a diagram
depicting the relationship between themes (see Figure 4), as we
found that themes did not neatly fit within the seven focus group
topics and instead were cross-cutting. Constructing the diagram
aided in clarifying our descriptions of the themes and ensuring they
each described distinct patterns from the data.

We acknowledge that in thematic analysis, researchers’ back-
grounds and interpretative lenses play an important role in data
analysis [14]. To aid the reader in interpreting our results, we pro-
vide context on the authors’ backgrounds. Author Trajkova holds a
Ph.D. in Human-Computer Interaction and has a background as a

professional ballet dancer. Author Long holds a Ph.D. in Human-
Centered Computing and has a background in computer science
and theater. Author Deshpande is a doctoral candidate studying
AT and digital media and has a background in architecture and
information technology. Author Knowlton is a dance professor
with 33 years of dance training and has previously worked with
most of the students in the study. Author Magerko holds a Ph.D.
in Computer Science, has a background in computer science and
cognitive science, and has many years of experience working on
projects involving cognitive science, co-creative Al, museum/art
installations, and creative CS education.

5 RESULTS

We present the themes we identified in a summative diagram, which
represents an Interconnected Model of Improvisational Dance In-
puts (see Figure 4). The interconnected components are singled out
in Figure 3. This model suggests that movement choices are shaped
by three elements: 1) in-the-moment influences; 2) generative strate-
gies, and 3) heuristics for a successful collaboration. These elements
are interdependent and range in scope from momentary inputs to



Exploring Collaborative Movement Improvisation Towards the Design of LuminAl

high-level guiding principles. This model is not exhaustive and rep-
resents the insights collated from this specific ensemble of dancers.
Future work could expand this model with additional perspectives,
especially from other forms of improvisational dance.

5.1 In-The-Moment Influences

In-the-moment influences refer to elements that precipitate imme-
diate alterations in a dancer’s progression throughout an improvi-
sational session. We have grouped these elements into three cate-
gories: 1) self, referring to influences originating from a dancer’s
personal experience; 2) partner, referring to influences from the
interpersonal collaboration between dancers; and 3) environment,
referring to influences from the surrounding atmosphere.

5.1.1  Self. In this section, we discuss themes related to dancers’
experience of the self and their relationship to their own bodies
and feelings during the improvisation.

Bodily Sensation: Personal bodily sensations affect movement choices
and focus. Dancers discussed how their personal bodily sensations
influenced their movement choices. For instance, one participant
described how her focus was being pulled by her body: “..I was
focusing too much on, ‘Am I breathing too loud? My bones are
cracking, it’s echoing’”(P3, Focus). Another participant discussed
how current injuries affected her movement choices: “So I have
injuries in both of my knees right now, and it’s fine right now, but
I was just trying to watch that. So I wasn’t trying to go too fast
or do too much, any jumps or anything..” (P2, Focus). Another
dancer related to this, saying “..I had a loud hip pop on one of my
movements. And so then I think subconsciously, I was like, ‘Okay,
we’re not going upside down anymore, we’re not lifting up our legs
anymore after this. So then I think I kept my movements smaller
and more internal” (P4, Focus).

Positive sensations also influenced choices. When expanding on
a comment she made about having a ‘good day, one participant
described bodily sensations as a factor: “Like the sun is out and it
just feels good or it could also mean that my body just feels really
good that day..” (P5, Interaction Dynamics). Another participant
echoed this sentiment, “I feel my improv is just how my body feels
that day. Like if 'm good at my balance that day or if 'm feeling
really flexible that day, then I'll just run with whatever my body is
feeling” (P5, Introducing New Ideas).

Emotion: Emotions can both spur new ideas and set the tone for
the improvisation. Emotion and bodily sensations are intertwined,
yet distinct. Here, we refer to emotions as more ‘mental’ (happi-
ness, frustration), and sensations as ‘physical’ (soreness, balance).
Dancers often ambiguously described emotions (“it felt good”; “it
sparked emotion”). Author Knowlton speculated that dancers might
use these terms due to an inability to articulate their choices inten-
tionally. Many dancers revealed that group reflection in a dance
setting was a novel experience, providing valuable insights in ver-
balizing movement choices.

However, emotions significantly influenced dancers’ movement
decisions. One dancer explained how her day’s quality impacted her
dance: “..it really just depends on the day, like if 'm having a good
day...I can feel it reflect in my body and like my improv just because
I want to express that..” (P6, Interaction Dynamics). Another dancer
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added, “dance is also used as like a form of like therapy for myself...It
just changes your...the way you think about improv, depending on
what’s going on through the day” (P5, Interaction Dynamics). Both
P6 and P5 concurred that “good vs. bad” could pertain to mood or
physical state.

In other discussions, dancers emphasized how movement gener-
ates emotion. One dancer mentioned revisiting a movement due
to the emotion it evoked: “...I guess [I would return to] something
that also sparks emotion in me because I have to have some reason
that it’s pushing the movement along. And oftentimes, it has to
do with an emotion or a feeling or a sensation or something..” (P4,
Introducing New Ideas).

Self-Focus: Focus on the self can provide inspiration, but can also
distract from the partnered collaboration. Dancers discussed how
their focus shifted between themselves, their partner, and the envi-
ronment. Oftentimes, focusing too much on the self was mentioned
as a source of distraction: e.g., “I tried to keep my focus on my part-
ner pretty much the majority of the time...but I definitely strayed
from the prompt I think when I was focusing more on myself..”
(P6, Focus); “When I stopped looking at myself in the mirror, then I
started getting inspiration from the outside” (P5, Focus). Control
over focus is a skill that is honed through years of improvisation
training [120], and author Knowlton pointed out that she often
gives her students prompts during class to direct their focus—e.g.,
“keep noticing your partner,” “don’t get too internal”

Some discussed an excessive focus on the self as a marker of poor
improvisation (“I guess for me it [a bad improv session] kind of
more so felt like two solos rather than it being like a partnering type
thing... (P2, Recognizing Value)). This is corroborated by existing
literature on improvisation in other domains, which describes good
improvisation as a process of constant attention switching between
self and others [77]. On the other hand, some dancers noted how fo-
cusing on the self could at times provide inspiration-e.g., “I started
finding inspiration from...myself, seeing myself in the mirror” (P5,
Focus).

Dancers also reported differences between experimenting alone
and with a partner (i.e., siloed vs. partnered play [25]). One partici-
pant said dancing alone allowed her to experiment with movements
she had not yet mastered, “T also feel like if I'm by myself...I'm more
likely to experience and try new moves...It’s like free no judgment
zone, because you’re not having to worry about someone being
around” (P3, Movement Strategies).

Continuous Motion: Dancers do not appear to reason about their
movement as a series of discrete gestures. We asked dancers about
how they defined a gesture and marked shifts between different
gestures. Dancers had conflicting interpretations of what a ‘gesture’
was, with some conceptualizing gestures as everyday interactions
like waving or lifting a coffee cup (P5, Movement Strategies), oth-
ers thinking of gestures as isolated movements, such as the arm
moving while the rest of the body stays still (P2, Movement Strate-
gies), and still others talking about gestures as full-body movement
with a discrete beginning and end, like a jump (P3, P1, Movement
Strategies).

While some of this confusion may have stemmed from terminol-
ogy, it was clear that while some dancers described their improvi-
sation as being “like...a conversation” (P3, Movement Strategies)
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or a “movement sequence” (P2, Movement Strategies), they did
not conceptualize their interactions as a series of discrete gestures.
Transitions between movements were more fluid and could be in-
terpreted in multiple ways.

5.1.2  Partner. This section explains the dancer’s experience with
their partner and how their relationship shaped their communica-
tion strategies and the shared memories they drew on during the
session.

Prior Relationships and Mutual Knowledge: Prior relationships and
shared artistic collaboration (e.g., classes taken together) influenced
dancers’ choices and level of comfort and trust due to shared movement
vocabulary, technique, and memories. In our sessions, we inquired
about pairs’ familiarity with each other. Four duos had a 2-4 year
dance history, three pairs had danced together for 1-8 months, and
nine pairs were first-time collaborators.

Previous shared experiences, whether in class or rehearsal, pro-
vide a reservoir of shared movements, techniques, and choreogra-
phies. One dancer emphasized the significance of shared dance
settings, “I think that knowing each other like in a dance setting
for so long, made it comfortable to just kind of bounce off of each
other. Even if we’re not super close socially, there’s some kind of
other connection that just comes with dance” (P4, Introducing New
Ideas).

Dancers can leverage past collaborations. One dancer noted,
“I've been training her in my movement because she’s been in
my rehearsals. It was nice to improv with her and see her own
movement...I focused on let me see hers and how I can take that
with me and embody her movement” (P5, Introducing New Ideas).

Existing relationships bolster trust and comfort, crucial for touch
or weight sharing in dance. Familiarity helps dancers gauge each
other’s comfort zones, ensuring a more seamless interaction. The
significance of consent and awareness was highlighted by many.
P5 mentioned being “hyper aware of your partner,” and P1 talked
about “being smart with your choices” P3 elaborated on the ease of
interaction with familiar partners, “And I think that is easier with
someone that you do know... it’s okay if you want to kind of make
contact. With someone you don’t know, it’s a little bit harder..”

Eye contact: Prolonged eye contact is often used to indicate mo-
ments of connection, transition, pacing, and vulnerability. Direct eye
contact in dance was infrequent but, like touch, signified profound
connection and transition. This finding is corroborated by prior
work that shows that eye contact plays an important role in jazz
and theater improvisation [100, 103]. P5 (Interaction Dynamics)
remarked, “I feel for me, the way... when I do feel in tune with my

partner is when I have eye contact with them...Because like you're
looking at their eyes, you can read a lot through someone’s eyes”

This gaze occasionally signaled the start of a joint movement,
suggesting its role as a non-verbal agreement cue, aiding dancers
in movement synchronization. It also marked mutual consent to
transition, “I think that energy, like whatever we were doing, the
energy we kept going in this crescendo like she said and coming
down. And when we came down, then it was like okay, then we
would make eye contact or something. See, okay, this is where
we’re going to go with it and we moved into something else” (P2,
Introducing New Ideas).

Eye contact is a silent communication medium, guiding dancers’
movement pace. One dancer detailed, “I remember a specific mo-
ment where we grabbed hands and pulled closer and we kind of got
eye contact for a second and like that’s when I slowed down..” (P1,
Communication Techniques). This shared gaze fosters intimacy. Im-
mersed in their partner’s eyes, dancers can feel isolated from their
surroundings, experiencing an amplified connection, making them
feel they are the “only two people in the room” (P3, Recognizing
Value).

Shifting Bodily Cues: Slowing down, stillness, and repetition can
indicate a desire to shift ideas or have the partner take over lead-
ership. Dancers utilized specific somatic strategies like slowing
down, embracing stillness, and repetition as non-verbal cues in
their improvisation. Slowing down often signaled a dancer’s intent
to transition to a passive role, allowing their partner to lead: “I
would just slow down. If T was following, I would slow down and
let her take over” (P2, Leading/Following).

Stillness acted as a reset, offering a moment of reflection and
paving the way for subsequent movements. P5 (Introducing New
Ideas) mentioned, “I think we just stopped and reset or introduced
it slowly with another idea if it tagged along with the previous
movement.”

Repetitive movements signaled a need for change or evolution
in the dance. Recognizing such patterns prompted dancers to ei-
ther modify their movements or let their partner introduce fresh
elements, ensuring the improvisation stayed dynamic. P6 (Intro-
ducing New Ideas) observed, “When I found myself doing the same
pathways or the same type of movements, I was like okay, maybe
it’s time to switch to something else”

Mutual Touch Communication: Dancers intentionally communi-
cate with each other using touch. Touch, like eye contact, was a rare
but significant form of communication. Dancers explained how
physical contact enhanced the likelihood towards shared timing
of physical connection, referencing prior experience with contact
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improvisation. As one dancer explained, “And I think [in] contact
improv, that happens more frequently too. When you can touch a
person, you're more likely to sync up” (P9, Interaction Dynamics).
Contact improvisation invites dancers to engage in physical contact
with their partners, fostering immediate and responsive commu-
nication. The tactile exchange enables dancers to feel each other’s
movement dynamics, balance, and intentions, making it easier to
achieve a harmonious flow of movement.

Touch also affected the energy exchange between dancers. P1
observed that there was a big difference in energy between “part-
nering...[with] touch, physically and...partnering [where you are]
just relating to each other not touching” (Leading/Following). Phys-
ical contact amplified mutual understanding, allowing dancers to
connect at a deeper level and share their weight more intimately.
Conversely, the absence of touch may necessitate other forms of
communication to achieve similar levels of energy exchange.
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5.1.3 Environment. This section delves into the dancers’ experi-
ence interacting with their immediate environment-e.g., compo-
nents found in the dance studio, cues from an instructor-and how
this interaction impacted their focus, idea generation, and collabo-
ration.

Role of the Mirror: Presence of the mirror can draw focus away
from collaboration and heighten focus on self. Dancers frequently
mentioned how mirrors shifted their attention from the collabora-
tion to self-focus. Prior work also indicates that mirrors can play
a role in distraction and enabling focus on the self [19] [89]. One
dancer felt the mirror prompted self-evaluation, stating, “I think
we’re so used to coming into class...and facing the mirrors and also
being able to evaluate what we look like based off of the mirrors...So
not having them definitely makes it a little bit more intrinsic and
also takes your focus away from that being the front” (P4, Focus).

The mirror’s presence habituated dancers to face it, even in im-
provisation where no true front exists. Participants observed that
they subconsciously turned towards the mirror, diverting their cog-
nitive effort from the partnership. In contrast, the non-mirrored
group experienced unrestricted movement exploration, focusing
more on their partner. P8 (Focus) remarked, “I think it was in-
teresting because even if the mirror is covered...I subconsciously
automatically turn that way...So I think this allowed me to face
different ways and get that out of my head.” Further insights on the
mirror’s influence on movement can be found in 5.1.4.

Inspiration from the World: Dancers draw inspiration from ob-
Jjects/aspects in the environment and move from the outer world to the
inner world. The participants discussed how various aspects of the
environment, such as the room, floor, lights, and other people in
the room, impacted their focus. Interacting with the environment is
a multi-sensory experience—it allows individuals to take in sound,
touch, sight, and smell that facilitates sensations in the moment
[15]. Dancers mentioned that the use of these elements in the outer
world inspired new ways to think about the kinesthetic sensation or
the inner world of the movement. The haptic and visual stimulation
from the environment creatively inspired dancers. For example, one
dancer discussed the impact of textures in the room that drives their
movement choices, “So if there’s harsh lines, vertical or horizontal,
I will take inspiration that way. But say there’s something more
fluid or falling like a more natural curve in front of me, sometimes
that will impact the way that I'm dancing as well. It’s like whatever
I'm seeing around me” (P9, Interaction Dynamics).

Unstructured vs Structured Improvisation: Structured improvisation
(i.e., focusing on the prompt) creates a shared language whereas un-
structured improvisation (i.e., in-the-moment choices) induces agency
and freedom of choice. Movement improvisation varies between
structured (prompt-guided) and unstructured (open-ended). Struc-
tured prompts, like those given to our participants, allowed dancers
to “put [themselves] in a mindset, get my energy there, and give
me points where I can be slow and where I can be high energy just
to gauge my energy throughout the time [of the improvisation]”
(P3, Introducing New Ideas). Dancers felt structured prompts honed
focus, especially during initial improvisation learning phases (P1,
Communication Techniques).

Trajkova and Long, et al.

Structured improvisation acts as a cognitive anchor, helping
dancers maintain focus amidst potential distractions. One dancer,
distracted by room textures, was re-centered by the prompt: “I was
thinking about angles and then I would get distracted by textures,
and then I'd be like, ‘Okay, wait, no, we’re doing angles and shapes’
So then I would go back” (P1, Focus). This highlights structured
improvisation’s role in ensuring focus and thematic consistency.

Conversely, dancers felt unstructured improvisation granted
autonomy. Open-ended sessions might offer “more organic possibil-
ities than if you were forced to have to touch and then you have to
figure out, okay, we have to touch. So it feels [like] something we
have to do. But in this instance, we were given the option and we
wanted to, and we were let to. It’s organic rather than constrained”
(P1, Communication Techniques). Another dancer felt unstructured
improvisation “flows better,” implying directive-induced pressure
can obstruct questions of “how are we going to get there or how
is it going to flow and the momentum” (P6, Communication Tech-
niques).

Instructor Cues: A dance instructor’s verbal and gestural cues dur-
ing the improvisation session serves as a third perspective providing
constructive feedback and instructional guidance. Dance instructors
leverage instructional cues to provide dancers with an improvi-
sational roadmap. Cues prompt exploration, concentrate dancers’
attention for sustained sessions, and create a loose structure to
create within. Yet, cues do not stipulate an exact blueprint for move-
ment. Instead, each dancer interprets the cues through their own
personal lens.

Participants highlighted the role of instructor feedback, includ-
ing providing insights regarding the dancer’s current performance,
offering invitations to explore, and identifying areas for further
development. For example, cues such as “Give me more or you're
not giving enough and you’re exploring this but I actually want
you to explore this” (P5, Recognizing Value) and “Dive deeper with
this idea” (P3, Recognizing Value) gently nudge dancers to explore.
Dancers noted that these cues “push...you in the right direction.
It’s never offensive” (P2, Recognizing Value). Furthermore, some
cues function as attentional beacons, illuminating the focus of the
improvisational task as it is sometimes difficult for dancers to re-
member ideas and instructions in-the-moment-i.e., “Pay attention
to shapes and angles” (Author Knowlton). Other cues incite dancers
to transcend their comfort zones—i.e., “Make bold choices” (Author
Knowlton). In essence, these instructional cues form an intricate
support system to challenge dancers in their creative improvisation.

5.1.4  Self + Environment.

Visual Focus: Shifts in visual focus from body actions lead to in-
spiration and idea generation. Dancers highlighted how shifts in
visual focus inspired them. Often, these shifts were triggered by
body parts entering their line of sight: “My focus would change. I'd
be making eye contact, and then if my hand would pass through
my eyesight, then it would go to myself and then I'd copy the
shapes of my hands and stuff like that” (P1, Focus). This dancer’s
consciousness shifted with her eyes’ movement, embodying her
focus.

Mirrors or reflective objects also influenced focus. They didn’t
just enhance self-awareness but also ignited inspiration. Dancers
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utilized mirrors to discern shapes in their and their partners’ forms,
offering a fresh viewpoint: “looking in the mirror, you could see
the outside of your body from a different perspective. So I would
think that I look like one thing and then I would look in the mirror
and see that I look completely different. So it was easier to find new
angles on my body from just looking in the mirror” (P6, Focus).
Another dancer used a window for reflection: “I feel like you can
see them [the shapes] in a different way than when you’re looking
at yourself because you’re looking at your reflection so you can see
the outside of your body, but then I would turn away and also use
the windows” (P5, Focus).

In participatory sense-making, this represents a change in coordi-
nation level, leading to altered participation within the interaction
[38]. By focusing on a body part in a mirror or window, dancers
transition from individual to orientational sense-making, integrat-
ing observed ideas. The environment, in essence, becomes a partner,
prompting dancers to experience evolving sense-making levels.

Overthinking: Overthinking by consciously focusing on too many
factors at once can disrupt the flow and spontaneity of the improvi-
sation. During improvisation, not all choices are conscious. Over-
attending can lead to “overthinking” or “getting in [their] head,’
disrupting the natural flow of dance, a phenomenon known as the
centipede’s dilemma or Humphrey’s Law [51, 83]. Conscious anal-
ysis can hinder creativity, resulting in a less dynamic performance.
As expressed by a dancer, “The best thing is don’t think about it.
If you think about it then you’ll probably won’t be...natural” (P1,
Movement Strategies).

This dilemma was evident when dancers were asked to con-
sciously decide who was leading in the Leading/Following activity.
Surprisingly, all pairs mirrored each other. Many felt the instruc-
tion made them “get in [their] head” (P3, Leading/Following). One
dancer shared her overthinking process: “..I'm like, ‘What if she’s
just giving me all this information and I just took inspiration from
one thing and going in and then she’s going to follow?” And I just
put an emotional stance on it and I didn’t want her to feel bad if T
was not following her” (P1, Leading/Following).

Conversely, the best improvisations happened when dancers
silenced their analytical minds, relying on trained instincts. This
does not imply unawareness; it is a different kind of focus, more
holistic and less analytical. In the Movement Strategies session, P5
mentioned she could only consciously focus on a few dance dimen-
sions simultaneously: “I probably [attend to] like two of them all
the time.” Prompts might guide which aspects dancers consciously
think about. However, discussions on mindfulness (5.1.6) suggest
dancers attend to multiple factors simultaneously in an embodied
manner.

5.1.5 Environment + Partner.

Sensory Communication: Dancers intentionally communicate with
each other using a variety of somatic strategies, including touch,
breath, and body movement sounds. Dancers utilize somatic strate-
gies like heavy breathing, stomping, and limb noises for communi-
cation. P4 (Communication Techniques) noted, “I'm usually a very
visual learner...But with this, sound was what helped the most...it
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was much easier when I could hear your breath or stomping.” Ob-
servations confirmed dancers coordinating through auditory tech-
niques, with some intensifying their breath and footfalls for rhythm.
Initially, dancers leaned on visual cues. P1 (Communication Tech-
niques) shared, “Breath for me really helped because for the first
half T was watching a lot...For the second half, when I was us-
ing my breathing, we were both moving together when we were
breathing together...both ways were beneficial in different ways.” P1
highlighted the synergy of visual cues and synchronized breathing
for understanding partner intentions and improvisation rhythm.
As dancers became fatigued, their breath grew more pronounced,
emphasizing the mind-body connection. P6 (Communication Tech-
niques) reflected, “When you’re using breath, it becomes more phys-
ical.. The more exhausted you get, the more it comes out naturally”
P6 also contrasted somatic strategies with verbal communication,
stating, “I find myself using breath or sounds when I dance, but not
words. It would be weird to me.”

Expanded Eye Gaze: Dancers use expanded eye gaze—including pe-
ripheral vision, the mirror, watching each others’ feet, and looking at
each other’s bodies—to foster awareness. Dancers utilized expanded
eye gaze techniques, including peripheral vision and reflections in
mirrors, to maintain partner awareness. Peripheral vision enabled
dancers to adjust their movements based on their partner’s actions
without directly focusing on them. P3 (Interaction Dynamics) men-
tioned, “Just seeing peripherally what she was doing and how I
could either match it or juxtapose it” They also emphasized observ-
ing the partner’s body movements over facial cues, stating, “I think
I was more focused on what her body was doing than looking at
her” P3 (Communication Techniques) highlighted the importance
of sensing and aligning energy, noting moments of synchronicity:
“I feel like energy...there were points where we would kind of sync
up even though we were both facing opposite ways, we would both
kind of feel the energy of each other and slow down and sync up
that way” Mirrors expanded dancers’ perspectives, helping them
gauge spatial factors. P4 (Interaction Dynamics) observed, “[the
mirror let me] see her levels and things that I can’t see from this
close” Mirrors also enabled self-reflection and adjustment, allowing
dancers to reconcile discrepancies between intended and actual
movements.

5.1.6  Self + Partner + Environment.

Mindfulness: Dancers use presence and mindfulness to attend to
their partner, their own sensations, and the environment. Dancers
conveyed how their in-the-moment attention oscillated between
their internal mental states, the movements of their partners, and
the intricacies of their surroundings. As P1 described, “I noticed
my focus was very parallel, I guess, not looking at the front and the
back. It was very much partner, floor and ceiling. So I feel like my
energy was very much this way towards my partner” (P1, Focus).
This dynamic flux in attention was often driven by visual stimuli
(5.1.4) or sounds (5.1.5).

Multiple dancers across sessions discussed the experience of
‘feeling’ their partner’s energy or ‘drawing’ energy from their part-
ner (P1, Focus; P2, P3, Communication Techniques; P9, Interaction
Dynamics). For instance, one dancer described how she coordinated
the mood of the improvisation with her partner: “I feel like, also,



CHI ’24, May 11-16, 2024, Honolulu, HI, USA

you can feel somebody’s essence. Because I have been in places that
I literally have just met this person and she just gave me an energy
and we both started going crazy and dancing very high energy..”
(P1, Focus).

‘Energy’ is a complex term with multiple meanings, especially in
the dance world. However, in some cases it seems like the dancers
were referring to feeling the ‘vibe’ in the room or being closely at-
tuned to their partner. This mutual awareness relates to the success
of the improvisation (5.3.1). Cultivating this awareness requires
carefully attending to multiple senses in-the-moment (5.1.5, 5.1.5).

Mind Wandering: Mind wandering or distraction during the ses-
sion is common and can influence the interaction in a variety of
ways. Multiple dancers referred to their minds wandering or get-
ting distracted during the improvisation session. Mostly, they were
referring to mind wandering within the dance space (e.g., getting
distracted by something in the room), rather than completely off-
topic thoughts (e.g., thinking about their homework or their next
class). This relates to several other themes, such as Visual Focus,
Self Focus, and Role of the Mirror.

Sources of distraction included features of the room (e.g., colors,
objects, lines/angles), noises (e.g., echoing in the room, voices in the
hallway), the mirror, and aspects of the dancers’ bodies (e.g, texture
of skin, shape of hand). Distractions sometimes served as sources
of inspiration—for example, P1 took inspiration from her partner’s
body: “I was being inspired by the floor and all the lines and stuff
on it and the ceiling, also the textures and then even the texture
of my partner’s skin and her hair and her toes at one point, just
different things” (Focus). At other times, mind wandering pulled
dancers’ focus from their partnered collaboration, as P6 described:
“I definitely strayed from the prompt I think when I was focusing
more on myself, which is why I tried to focus on my partner a lot
more...I would get distracted by the sounds that were in the room
instead of what I was actually supposed to be doing” (Focus).

5.2 Generative Strategies

Generative strategies refer to tactics that dancers use to ideate and
select actions to perform during the improvisation. The strategy
that a dancer chooses to employ is impacted by both in-the-moment
influences and heuristics for a successful collaboration.

5.2.1 Common generative strategies: Common strategies used to
respond to movement include: mimicry, mirroring, repetition, transla-
tion, recognizing patterns, transformations, similarity and contrast,
remembering, and augmentation. During the Movement Strategies
focus group session, we asked each participant to tell us whether
they used certain movement strategies never, sometimes, or a lot.
The list of movement strategies we asked about are all strategies
that LuminAlI can utilize and are themselves drawn from theory on
dance and improvisation [11, 38, 60, 88, 101]. They are described
below.

o Mirroring: Performing the mirror image of your partner at
the same time.

e Mimicry: Performing the exact movement as your partner at
a later time.

® Repetition: Repeating a movement multiple times during an
interaction.
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o Translation: Transferring a motion to a different body part—e.g.,
P1 does something with their arm, then P2 does the same
thing with their leg.

e Patterns: Repeating movement sequences.

o Transformations: Translating a movement according to a
particular dimension (e.g., changing the speed or level of
your partner’s movement).

o Similarity or contrast: Responding with a movement that is
similar or contrasting to your partner’s movement.

o Remembering: Performing a previously learned gesture (e.g.,
something you tried last week in rehearsal).

o Augmentation: Repeating an observed gesture but adding
something extra to it, like an extra arm movement.

Dancers corroborated that these are all strategies they use in
practice (Figure 5). Similarity and Contrast was the most commonly
used strategy. Dancers in other sessions also mentioned their use of
these strategies—for example, P3 (Introducing New Ideas) discussed
mimicking the movement of her partner’s body parts (“So I think we
started off with an arm sway and then that kind of just translated off
into doing it with the legs. So it would just be the same movement,
but different limb”); P2 (Communication Techniques) talked about
finding contrast (“and then we were kind of contrasting. If he’s up, I
went down..”); P5 (Introducing New Ideas) mentioned transforming
movements (“I think we just constantly pushed the time, space and
energy of that movement. So quicker, bigger, smaller. Walk in a
circle and do it, but it was always evolving in some type of way,
but it was the same movement”); and P5 (Movement Strategies)
discussed remembering past movements (“I do catch myself re-
purposing...[t]hings that I do in class”).

5.2.2  In-The-Moment Choice-Making: Most movement choices are
made in-the-moment, not consciously planned in advance. When
asked about their response strategy during dance, participants uni-
versally echoed sentiments like “It just happened” or “I don’t really
know.” They described their decisions as organic, stemming from
a feeling or vibe, with phrases like “natural flow” (P5, Movement
Strategies) and “it naturally just builds” (P3, Movement Strategies).
This suggests that dancers’ choices are spontaneous, with the un-
derlying factors embodied and not always consciously discernible
(5.1.4).

Only occasionally did participants mention planning. Such ‘plans’
were either very short-term or high-level; detailed premeditated
plans were not made. P5 (Movement Strategies) mentioned brief
planning based on body positioning: “I didn’t really have time to
think, but I had time to, ‘Okay, well her body’s placed there, so I'll
just go here and her body’s placed there, so I'll go there.” Another
dancer emphasized overarching intentions: “I feel like I have to go
in with an intention. I just kind of have to put myself in a mindset,
kind of a prompt...a prompt that I usually go...[is] just like going
through a life, like just someone’s lifespan. So that kind of like it
gives me points where I can be slow and it gives me points where I
can be high energy..” (P3, Introducing New Ideas). Instructors also
provide prompts to shape intentions (5.1.3, 5.1.3).

In-the-moment decision-making, rather than premeditated plan-
ning, is emblematic of improvisation [23]. As highlighted in 5.1.4,
dance improvisation often thrives when dancers balance analysis
with presence to remain immersed in the their choices.
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Figure 5: Graph showing the number of participants in the Movement Strategies focus group who said they used a movement

strategy Never, Sometimes, or A Lot.

5.2.3 Motivation for Choices: A dancer’s decision to utilize a specific
response strategy may be influenced by: the current motif, exhaust-
ing their own ideas, and/or subtle movement cues from their partner.
Dancers reported not consciously thinking about their movement
choices and instead making decisions in-the-moment. However,
dancers did mention a few stimuli that led to shifts in their move-
ment choices. Dancers talked about running out of ideas and how
boredom or repetition spurred transitions in generative strategies
(5.1.2). Dancers also picked up on subtle movement cues from their
partner as indicators that it may be time for a different type of
response: “He also started to change like positions, like on where
we were standing. Like I would start to go over here and then she’d
like follow me” (P1, Movement Strategies). Finally, a few dancers
discussed how their movement choices may be informed by the
progression of a motif. For example, P3 (Introducing New Ideas)
shared that her motif going into the interaction was “learning how
to walk like a child” and elaborated that this was “something like
that naturally builds. So I think you kind of have to know where
you’re going next because like, "Oh, I'm learning how to walk.
What’s the next step?”

5.2.4 Emergent Narrative: Narrative flows or crescendos can emerge
through shared meaning-making in-the-moment. Several dancers
described processes guiding their movement choices that indicated
that a larger structure factored into their moment-to-moment de-
cisions. As mentioned in 5.2.2, P3 (Introducing New Ideas) set an
intention of moving through a person’s lifespan to guide her im-
provisation. P2 and P4 (Introducing New Ideas) both described
their interaction as a crescendo “I think it whatever we were do-
ing slowed down and got smaller again. Like it would start smaller,
whatever, like crescendo and then come back to here” Other dancers
described an improvisation session as being like a conversation,

“There’s kind of like a beginning, like a topic of a conversation.

And then there’s kind of like, maybe there’s like a joke made or
something that kind of like builds upon. And then it’s like, “Okay,
conversation’s done.” Like, I feel like that’s when the movement
phrase is considered to be over, when your conversation is kind of
finished” (P3, Movement Strategies).

These terms—intention, conversation, crescendo—convey a longer-
term structure that loosely guides in-the-moment movement choices.
However, this structure is more often related to rises and falls in en-
ergy than telling a prescriptive narrative with a distinct beginning,
middle, and end.
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5.2.5 Echo Strategies: Dancers demonstrate interest by using various
ways of ‘trying on’ each others’ movements (e.g., mimicking, repeating,
transforming, incorporating a partner’s movement into an existing
motif). Many of the generative strategies used by the dancers (5.2.1)
involved observing their partner’s movement and incorporating it
into their own body in some way-by mimicking or repeating or
transforming it. These strategies are central to participatory sense-
making, as they are part of mutual incorporation, or the process of
‘trying on’ your partner’s gestures using your own body as a way
of making sense of them [38]. Multiple dancers not only mentioned
using these echo strategies, but also described the experience of
exploring their partners’ movements with their own bodies. This
could look like a process of observing and repeating movements, as
P3 (Recognizing Value) describes: “So like I found myself like just
observing...So I was like taking what I could from what I observed
from her and adding it into my own practice.” It could also look
like embodying a particular quality of movement (e.g., jerkiness),
as P4 (Interaction Dynamics) described, “And just seeing like your
movement quality and like picking up on the movement quality
and then trying to put that on myself, to experience what she was
experiencing,” and P2 (Movement Strategies) echoed, “If 'm not
mimicking like their actual movement, but I like to play with their
speed. So like when she was like moving her foot, I would move it
the same kind of speed with her..”

5.3 Heuristics

Heuristics for a successful collaboration refer to high-level guiding
principles that determine whether an improvisation session is suc-
cessful. These heuristics may influence in-the-moment choices as
well as the generative strategies that are used.

5.3.1 Awareness of Each Other: A good collaborative dance improvi-
sation represents a partnership where each dancer is spatially and tem-
porally aware and incrementally builds on the partner’s movements,
rather than an offering of two discrete solos. Dancers deliberated
on the qualities of an ideal improvisational partner. Central to a
fruitful session is mutual awareness, both spatially and temporally.
This hinges on each dancer’s ability to discern, adapt to, and expand
upon their partner’s movements. Such awareness ensures dancers
don’t eclipse each other, promotes connection, and encourages a
natural exchange of ideas. Spatial cognizance is paramount; it not
only prevents collisions but also lets dancers exploit dynamics like
positive and negative space. P1 (Recognizing Value) emphasized
the importance of patience in building mutual understanding: “[a
good partner]... takes the time to observe your movements and
finds space. Whether that’s between you, beside you to really think
through each step and like just taking time slow at first helps”

In specific scenarios, like contact improvisation, mutual aware-
ness becomes even more crucial. Sharing weight requires height-
ened awareness to ensure safety, as negligence can result in acci-
dents. P5 (Recognizing Value) stated, “there’s kind of that responsi-
bility to be hyper aware of your partner so that you're able to take
weight and help move their body, because if something were to go
bad, someone’s going to get injured.”

A challenge in improvisational dance is avoiding unintentional
parallel solos, emphasizing the need for active connection. P2 (Rec-
ognizing Value) reflected, “I guess for me it kind of more so felt like
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two solos rather than it being like a partnering type thing and like
having that connection and just kind of felt like I was there and
they were there and we were just dancing in the same space.”

5.3.2  Emphasis on Connection: There is an emphasis on the process
of building connection, emotion, and feelings amongst partners rather
than technical success of individual executed movements. Dance
improvisation is anchored in the lived experience of movement
rather than its external display. The true connection emerges when
dancers emphasize the emotional and kinesthetic sensation of the
dance, creating a mutual, deeply-felt journey rather than just per-
forming technically challenging or visually striking movements.
P2 (Recognizing Value) noted, “It’s mostly how it feels rather than
how it looks. I find that the best improv partners or the best session
isn’t really about how we’re looking or how the dance movement
is. It’s more so about how we’re connecting and rather how we’re
feeling instead of how it looks on the outside”

The heart of successful improvisation lies in the felt experience
over choreographic depiction. P3 (Recognizing Value) shared, “T've
had kind of an idea or a motif, like going into it and just exploring
that without thinking of it as like dancing so much, but more so
just exploring an idea and seeing what that feels like” At times,
dancers achieve such a deep bond that they become immersed
in their experience. P3 (Recognizing Value) elaborated, “I think
that anytime that I've ever been with a partner and I find myself
forgetting that I'm in a room full of other people too, just getting
lost, kind of sharing the eye contact, sharing that moment...you feel
like you are the only two people like in the room I feel like is a very
special thing”

While in set choreography, dancers are trained present their
most polished movements through practiced sequences, improvi-
sation demands a shift. It beckons dancers to inhabit the present,
valuing genuine, spontaneous freedom of expression over practiced
flawlessness, enabling them to “just move” (P2, Recognizing Value).

5.3.3 Mindset Shapes Perception: The perception of movement and
its effectiveness is influenced by mindset. A movement in improvi-
sation derives its value not from technical difficulty but from the
emotional weight assigned to it by the dancer. Thus, even ostensibly
simple movements can be imbued with deep meaning and emotion
when approached with the right mindset. As P3 stated, “That’s a
mindset thing for sure. I don’t think any particular type of move-
ment is quote unquote good until you make it good, because even
if something is not...It doesn’t look the best. If you say in your head
like, ‘Oh, but that was good because of this, this and this” Then
you kind of make it good with your own mindset” (P3, Recognizing
Value).

5.3.4 Seeking Equality: Dancers were concerned about equal turn-
taking and paying attention to what their partner offered. Through-
out the sessions, dancers emphasized their attentiveness to their
partner’s emotions, aiming for an equal partnership through turn-
taking and observing each other’s movements. This was particu-
larly evident in the Leading/Following session where they were
prompted to consciously discern leadership roles (5.1.4).

When one partner feels overly observed, it disrupts the balance.
P3 (Recognizing Value) stated, “I think also it puts a lot of pressure
on the one partner if you're feeling like you're being observed a lot...
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but then also coming back to like the eye contact and the connection
at times.” A genuine partnership allows both dancers to introduce
their unique ideas, avoiding a one-sided narrative. P4 (Recognizing
Value) mentioned, “I feel like sometimes if...your partners make
their own type of choices and kind of just follow completely what
you do, it’s harder to combine your different ideas”

Physical aspects, like weight sharing, pose challenges in main-
taining equality. It’s vital to interact respectfully, not imposing too
much on the partner or making decisions that might jeopardize
their comfort, as P1 (Recognizing Value) noted.

5.3.5 Shared Language: To understand how to improvise together,
dancers need to develop the ability to transfer elements of dance struc-
ture such as time, space, effort, body, energy, and rhythm. Through
years of training, dancers develop an understanding of foundational
dance elements like time, space, effort, body, energy, and rhythm
which they use to guide a successful improvisation session. This
amounts to a domain language that is shared even amongst dancers
who have never previously met. This language allows dancers to
continuously explore a movement phrase in terms of its spatial
dimensions, timing, and energy levels. While the core movement
remains recognizable, its unfolding captures the essence of improvi-
sation, “It was like consistent movements, but like blossoming into
bigger and different tempos” (P1, Introducing New Ideas). A shared
language between dancers allows them to take a familiar movement
and present it with a unique twist, building off of each other. Using
this language, the “same type of movement” can be experienced
and displayed in a “different way” (P1, Movement Strategies).

6 DISCUSSION

In this section, we first identify design recommendations for Lu-
minAl based on our findings. These can additionally inform other
researchers working on designing embodied improvisational agents
or technology for dancers. Then, we reflect on challenges and oppor-
tunities our findings present for HCI in embodied improvisational
domains.

6.1 Design Recommendations for LuminAl

6.1.1  Account for Human Needs & Emotions to Establish a Relation-
ship.

e Design Recommendation: The Al improviser should account
for their partner’s bodily sensations and emotions to calibrate
movement choices and build trust.

o Related Themes: Emotion, Bodily Sensation, Prior Relationships,
Awareness of Each Other

From a pragmatic perspective, it is important for an Al improviser
to factor in risk and safety for their human partner when choosing
movements. In addition, establishing a common ground regarding
the mood and level of challenge can improve the collaboration and
foster trust between the human and Al partner. Awareness and
consent are particularly critical when touch and weight sharing is
involved.

We are considering implementing an on-boarding experience
for dancers interacting with LuminAIL For example, if a dancer
stated that her knee was sore during an introductory session, the
agent could avoid movements involving jumping, leaping, or the
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floor. Personalized machine learning models could allow dancers
to switch between data sets trained for different moods or levels of
challenge. Including a warm-up period could also help to ease the
dancer into the interaction and warm up their bodies.

Trust and consent were identified by participants as key to build-
ing a relationship with a dance partner. Prior literature on pair
improvisation indicates that trust is built temporally [22]. Allow-
ing for avatar customization in LuminAI could result in a visually
familiar partner. In addition, implementing user profiles would al-
low LuminAlI to build trust, empathy, and shared memories with a
partner. These efforts could be informed by recent HCI research on
fostering human-AlI trust (e.g., [117]).

Dance improvisation is an affective and cognitive experience
that occurs within and is expressed through bodily movement [96].
Designers might consider linking experiential concepts of Korper
(physical body) and Leib (feelings and sensations), as discussed in
Mueller et al. [79], to monitor the relationship between dancers’
emotions and their movement experiences with LuminAL This can
be achieved by asking dancers to rate their improvisation sessions
using tools like a smileyometer [79], or to evaluate specific aspects
of movement and sensation from both human and agent perspec-
tives. By aggregating data on topics like feeling ’great’ or ’tired’,
and correlating it with quantitative Kérper data we can understand
the emotional impact of specific movement sessions.

Designers can consider various quantitative Korper data to cor-
relate with sensation. This includes tracking movement frequency
to gauge activity level, measuring spatial extent to understand
space utilization, and monitoring speed and acceleration for insights
into movement intensity. Additionally, analyzing the complexity of
movements can reveal cognitive and emotional engagement, while
exploring the relationship between music and emotional expression
offers clues about the depth and range of human affective experi-
ences. Engaging different body parts in the dance and estimating
energy expenditure can further indicate emotional intensity. These
metrics, quantified using motion sensing technologies as well as
smart watches, can then be correlated with dancers’ self-reported
emotional experiences, providing a comprehensive view of the
emotional dimensions of movement.

6.1.2  Multi-Sensory Input for Increased Agent Presence.

o Design Recommendation: Al systems should be equipped with
a variety of tools for sensing and interacting with their partner
and the environment to increase agent presence.

o Related Themes: Communication, Inspiration from World, Mind
Wandering, Focus

LuminAlI currently can only observe the human body moving
through space. It cannot detect aspects of the body such as breath,
eye contact, or sound. Augmenting LuminAI with sensors could
enhance its ability to collaborate with a human partner in real-
time. In addition, dancers attend to elements of the environment,
such as lighting, temperature, or patterns. Enabling LuminAI to
take inspiration from a photo, 3D scan, audio recording, or tem-
perature sensor could lead to more novel and relevant movement
choices. Finally, LuminAlI is not able to express itself using many
of the strategies identified by dancers. A key challenge to expand-
ing modes of expression is avoiding the uncanny valley effect—for
instance, adding eyes that track the dancer may be more creepy



CHI ’24, May 11-16, 2024, Honolulu, HI, USA

than communicative [57]. We are exploring how respiration and
orientation could be used to communicate. Prior work supports
the notion of utilizing breath and sound for coordination purposes
[119]. Vass-Rhee [119] notes how dancers and choreographers of-
ten explore diverse methods to synchronize movements, either in
the absence or presence of a regular beat or rhythm. They might
utilize cues from breathing, background noises, or single or multiple
syllable sounds to structure their choreographies in collaboration
with other dancers.

6.1.3 Customized Constraints to Spur Focused Exploration.

e Design Recommendation: Design systems that allow dancers
and instructors to set constraints or prompts to spur focused
exploration of a particular theme.

o Related Themes: Instructor Cues, Overthinking, Structured vs.
Unstructured Improvisation

Dancers can only consciously focus on a few qualities of move-
ment at one time. Prompts and cues help center an improvisational
session on a common theme. An Al partner should be able to take
a prompt (e.g., focus on shapes and angles) at the outset of the
session or receive a cue (e.g., incorporate all levels, utilize spacing,
or explore other body parts) mid-session and shape its movement
choices accordingly. This is supported by prior literature on the
importance of constraints in improvisation [110].

LuminAI currently facilitates some customization by allowing
the user to select different movement response strategies using
a dropdown menu. This could be expanded to allow dancers to
more closely customize the experience. This could be a hands-free
interface, where a dancer or instructor could speak a prompt and
that would be translated into a set of constraints for the agent.

6.1.4  Focus on Action Sequences, not Discrete Movements.

e Design Recommendation: Reconsider measures of value and
consider designing to support reasoning about longer sequences
of full body actions rather than discrete movements.

o Related Themes: Continuous Motion, Emergent Narrative, Em-
phasis on Connection

Value in movement improvisation arises from the connection
with one’s partner rather than technical execution or novelty-a
finding that contrasts with existing models for evaluating creative
outputs in HCI research [39]. Therefore, designers of embodied co-
creative Al should consider measuring value at a session-level rather
than at individual movement level. Techniques such as retrospective
questions or live emotion tracking for dancers could provide insight
into the caliber of the human-AI collaboration. This approach is
supported by literature which highlights how sequences of known
gestures can result in an emergent novel output [10, 18, 33, 55] and
that “creativity in composing dance lies as much in sequencing,
melding and linking the parts of the work, as in the creation of the
parts themselves” [108].

In addition to rethinking value, designers should consider how AI
can detect and engage in emergent narrative flows in dance. An Al
dancer should not merely respond to isolated body actions. Instead,
it should discern the broader context of the improvisation and pick
up on patterns and shifts in energy. This requires the development
of an agent that can reason about sequences of gestures, not just
discrete movements. Mapping patterns and sequences of generative
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strategies used by dancers could expand the agent’s reasoning to
a more continuous understanding of movement—for instance, the
ability to recognize and respond to the progression of a motif or
observe that mimicry is often followed by subtle transformations.

6.1.5 Rethinking the Body and “Gesture”.

o Design Recommendation: Reconsider how to represent the body
and gestures given the continuous nature of improvisation.
o Related Themes: Shared Language, Motion

Earlier versions of LuminAlI represented the body as a series of
joint positions and segmented discrete gestures to reason about
using moments of stillness, or shifts in rhythm to break up con-
tinuous motion data. In light of our findings about the continuous
nature of improvisational movement, we are rethinking and opera-
tionalizing the term “gesture” and how we represent the body in
LuminAI using LMA [60]. Prior work has formalized Laban Efforts
which are primarily used to describe the quality of movements, i.e.,
’how’ movements are performed [35]. However, there is a lack of
formalized vocabulary aimed at detailing observable movements
and establishing a structured language to define *what’ they are
doing in a tangible way. Let’s unpack this. LMA defines movement
as body actions. These body actions can be of two different types:
postural body actions, which indicate full-body movements and
gestural body actions, indicating a singular body-part. To take into
consideration elements of shared improvisational language, we
need to construct a body action taxonomy that segments move-
ments into postural full body actions instead of singular gestural
body parts. For example, a full body action can be broken down into
several descriptors: whether it is stationary, turning, traveling, etc.;
what intentional upper/lower body limbs it uses for expression; the
position and alignment of the body in space; and the primary seg-
ment for bearing weight. By creating and applying this taxonomy
to classify body actions, we initiate a process of more objectively
describing an individual’s movement, advancing towards a unified
approach characterizing movement across different domains.This
shapes our current working research on LuminAL

6.1.6  Use Echo Strategies to Foster Trust and Elaborate on Ideas.

e Design Recommendation: Al agents can foster mutual trust
and elaborate on ideas using echo strategies such as mimicry,
transformation, and repetition.

o Related Themes: Echo Strategies, Awareness of Each Other,
Common Generative Strategies, Motivation for Choices, Seek-
ing Equality

Dancers commonly use echo strategies such as mimicking, trans-
forming, or repeating a partner’s move in order to show they are
attending to their partner and to jointly explore an idea. This vali-
dates the existing response strategies LuminAlI uses, which were
developed based on literature on participatory sense-making [38],
improvisation [88, 100], and dance [11, 60]. Prioritizing moments
for LuminAI to echo its human partner, coupled with visual or
auditory cues to indicate attention, could build trust and increase
feelings of equality. In addition, the agent can use echo strategies
to elaborate on a motif.

6.1.7 Use Avatar Design as a Tool for Communication.
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o Design Recommendation: Avatar design can be leveraged as a
tool for communication and inspiration.

o Related Themes: Mind Wandering, Echo Strategies, Sensory
Communication, Emphasis on Connection, Instructor Cues,
Emergent Narrative

Dancers mentioned taking inspiration from the textures of their
partner’s body. This could present interesting opportunities for the
design of the Al avatar in both rehearsal and performance, as the
colors and textures of the avatar’s ‘skin’ could be altered to shift
the tone of the performance (e.g., a spiky skin could spur sharper
movements). The Al avatar also does not have to be completely
humanoid, so options for alternative bodies could be explored. For
instance, if an instructor cue in rehearsal prompts dancers to ‘act
like water, the Al avatar could transform into a more fluid body.

In addition, dynamic avatar design could be utilized as a tool
for communicating with the human dancer, with colors, textures,
or animations indicating moments of connection, rises and falls in
energy, or attentiveness, drawing on prior work [92]. Since LuminAI
is a projection and not an embodied being, avatar design could
provide necessary additional sensory dimension for communication.
Finally, avatar design could also be an avenue for personalization
and building trust, as noted in 6.1.1.

6.1.8 Slowing and Repeating to Shift Motifs.

o Design Recommendation: Detecting repetition or moments of
slowing down could indicate a shift in motifs.

o Related Themes: Shifting Bodily Cues, Eye Contact, Mutual
Touch Communication

Dancers often communicated completion of a motif with slower
movements, reduced energy, or repetition of a movement. In con-
trast, moments of flow were often indicated by touch, eye contact,
elaboration, and heightened energy. Others have studied how to
detect flow states in various contexts via EEG sensors [123], key
strokes [62], and observed emotions [12], but there is little prior
work on what flow looks like in dance. In future versions of LuminAl
the agent could anticipate shifts in motifs by detecting moments
of stillness, slower energy, or repetition, and respond by introduc-
ing a new motif. Similarly, recognizing moments of eye contact or
synchronized movement could indicate a period of elaboration and
joint sense-making.

6.1.9 Use Mirrors with Caution.

o Design Recommendation: Carefully consider when to represent
a dancer’s reflection, as mirrors can easily become a crutch or
a distraction from the collaborative session.

o Related Themes: Self-Focus, Role of the Mirror

Our findings indicate that mirror use may draw focus from the
collaboration. Previous research on the use of mirrors in dance im-
provisation suggests that their use should be limited until dancers
have developed sufficient improvisational skills. This is because mir-
rors can induce self-consciousness and banality, leading dancers to
focus on appearance rather than authentic expression, thus eroding
self-belief and promoting an excessive preoccupation with self-
image [82].

Additionally, using mirrors to observe others can lead to con-
stant comparison, which may drain energy and disrupt the delicate
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balance of one’s creative imagination, thereby making it difficult
to regain the original rhythm and flow of improvisation [82]. Prior
work by Radell et al. [89] posited that mirrors serve as a distraction
that prevents dancers from focusing on their kinesthetic awareness.
We have previously used live projections to present dancers with
their motion capture data alongside the AI dance parter [65], but
this self reflection may be distracting. Designers should consider
using facial recognition to track the number of times dancers look
at the mirror (or any other ‘reflection’ of their body). Reflections
could be turned off or covered if the dancer seems distracted. We
are considering implementing a playback feature to allow dancers
to reflect on their movements while maintaining continuous focus
in-the-moment.

6.1.10  Center Presence and Mindfulness.

o Design Recommendation: Identifying ways to center presence
and mindfulness can improve the success of the human-Al
improvisation.

o Related Themes: Mindfulness, Awareness of Each Other, Mind
Wandering

A key theme that dancers kept returning to was the idea of being
present in the moment and mindful of their partner and surround-
ings. LuminAI should therefore demonstrate that it is observing,
syncing up with, and building off of its human partner’s movements,
and the agent should avoid extended periods of movements that
are not clearly related to its partner’s movements. LuminAI could
also detect when a human dancer is getting ‘too internal’ and not
responding to the AI dancer’s movements. A visual or auditory
prompt could remind the dancer to engage more with their partner.

Designers could consider incorporating visual feedback in the
negative space, such as background color changes or visualizations,
to reflect different engagement levels. Additionally, haptic feed-
back could be used to emphasize specific aspects of the experience.
To reduce mind wandering and enhance mindfulness, designers
could integrate visualizations of breath awareness. This approach
is supported by research from Levinson et al. [63], which found
that breath awareness training reduces mind wandering and in-
creases meta-awareness, thereby enhancing awareness of inner
experiences. Further, studies on mindfulness indicate a link be-
tween training in inner awareness and improved outer awareness
[8]. This suggests that in interactive mindfulness programs, it might
not be necessary to focus exclusively on outer awareness if inner
awareness practices are included. Designers can also use breath
data, such as inhales and exhales, for interactive elements. This can
be presented as breath count summaries or wave visualizations to
indicate changes, as explored in [21].

Prior research has explored how to use ‘vibe’ to moderate user
experiences with technology [37], and researchers in the virtual
reality (VR) community in particular have explored how to foster
feelings of presence [102]—this could be an area of work to draw
upon in the future. LuminAI could guide the human dancer to enter
a mindful state or introduce a vibe for the joint session. We could
also foster presence with a more immersive experience using sound
and light.
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6.2 Challenges and Opportunities for HCI
Design for Embodied Co-Creative Al

In this section, we think beyond the design of LuminAI and re-
flect on the challenges and opportunities our findings present more
broadly for HCI in embodied improvisational domains as summa-
rized in Table 2. We envision an interdisciplinary future research
agenda that incorporates expertise in Al and machine learning,
robotics, affective computing, embodied interaction, and human-
centered design.

Modeling Unpredictability in Co-Creative Al Systems: Our find-
ings presented an interconnected model of improvisational dance
inputs, connecting in-the-moment influences represented by the
self, partner, and environment as well as generative strategies and
heuristics that shape improvisation. A significant challenge for
designing improvisational co-creative Al systems is the inherent
unpredictability in human behavior, particularly for creative mo-
tor activities [110]. Given that personal, environmental, and task
constraints fluctuate stochastically, Al systems need to be able to
adapt to these random variations in real-time [5].

Torrents et al. [110] talks about how this requires not only un-
derstanding deterministic influences, like specific invitations or so-
licitations to act, but also navigating the stochastic nature of human
behavior, which includes random fluctuations and ’noise’. Deter-
ministic influences encompass predictable and consistent factors
such as structured prompts, pre-programmed scenarios, specific
rules or constraints, environmental triggers, predictable emotional
responses to stimuli, feedback loops, and established patterns of
physical interaction. These influences lead to expected outcomes
and behaviors. On the other hand, stochastic influences introduce
unpredictability and variability, characterized by factors like human
emotional variability, spontaneous creative decisions, unpredictable
environmental changes, random technical fluctuations, fluctuations
in user attention and fatigue, dynamic social interactions in group
settings, improvisational dialogue responses, sensor noise and data
variability, contextual ambiguity, and external interruptions. To-
gether, these deterministic and stochastic elements create a complex
tapestry of interactions in human-Al systems, balancing predictabil-
ity with the unpredictable nature of real-world scenarios.

The challenge is in creating Al systems that can effectively model
and respond to unpredictability, mirroring the dynamic and spon-
taneous nature of human improvisation. Addressing this challenge
opens up the opportunity to design Al systems that can enhance
the creative process through adaptive and dynamic interactions.
Such systems would not only respond to predictable patterns of
human behavior but also thrive in the face of variability, leading
to more authentic and engaging co-creative experiences. This can
lead to breakthroughs in fields like performative arts, therapeutic
practices, and educational tools, where improvisation plays a key
role. By successfully modeling unpredictability, Al systems can
provide a more realistic and human-like collaborative experience,
pushing the boundaries of what is possible in human-AI collabora-
tion and fostering a deeper level of creative expression. Towards
this effort, in our current work we are developing a framework of
knowledge needed for improvisational Al systems in unpredictable
environments [70].

Trajkova and Long, et al.

Understanding and Representing Non-Verbal Emotional Intelligence
in Al Designing embodied Al systems capable of understanding
and responding appropriately to human emotions in real-time is
a significant technological challenge that requires insights from
psychology and human behavior. This complexity arises because
emotions in creative motor behavior are often communicated subtly
through facial expressions, expressive body language, or changes in
body posture [58]. Auditory cues such as breath have been tradition-
ally overlooked but recently valued as an important aspect of dance
[106], confirmed by our findings. The challenge for Al in interpret-
ing and responding to non-verbal cues like body language, breath,
and facial expressions lies in the need for sophisticated sensory and
processing capabilities. Developing these sensory capabilities, com-
bined with human-centered design strategies, is essential to avoid
creating agents that might elicit unsettling or uncanny perceptions
[78].

To explore the use of respiration for coordination or commu-
nication, we conducted a preliminary study on capturing breath
patterns—inhales, exhales, silence, and noise—during dance. Our
model distinguished breath sounds with only 50% to 60% accuracy
due to a limited and noisy dataset, challenges in accurate labeling,
and sub optimal recording conditions. Fisahn et al. [36] discuss
the complexities in measuring respiratory parameters such as low
tidal volumes and high breathing frequency, especially in motion,
underscoring the necessity for non-intrusive yet precise methods
for assessing respiration in dynamic contexts.

Responding to Changes in Contextual and Environmental Cues:
Our findings corroborate the idea that embodiment involves be-
ing situated in a complex physical and social space [32]. Al must
become adept at understanding and responding to environmental
cues. This includes responding to changes in the environment, like
lighting, temperature, or humidity, which can impact creative set-
tings [106]. An opportunity to draw on prior work in ubiquitous
computing [34] and integrate cross-modal sensory data to enable Al
to respond to environmental and non-visual cues could revolution-
ize the experience, including providing opportunities for remote
improvisational collaboration.

Reconceptualizing Body Representations: Existing joints-based
representations of the body common in motion capture ignore
many aspects of the bodily experience, including somatic feelings
such as pain or pressure, soft tissue movement, and the ways in
which bodies shift and change over time. Reconceptualizing how we
represent bodies in embodied interaction design is a key challenge
for HCI [107]. Designers can innovate embodied interaction design
by developing more holistic body representation systems. These
systems could integrate somatic experiences and the nuances of
soft tissue dynamics, leading to more accurate, empathetic, and
creative understandings of human movement and experiences in
digital environments.

Translating Physical Interactions: The study underscores the im-
portance of physical interaction (like touch and weight sharing)
in dance. Translating this into HCI contexts where Al needs to
interact physically with humans poses challenges in terms of safety,
appropriateness, and comfort. An opportunity opens to extend the
design of digital embodied agents towards hybrid models that in-
clude physical representations through the use of robots or objects
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Table 2: Challenges and Opportunities for HCI Design

Challenges

Opportunities

Modeling unpredictability in co-creative systems.

Enhancing creativity and adaptive interaction.

Understanding and representing non-verbal emotional intelligence
in AL

Enhancing user experience by creating more empathetic and re-
sponsive Al systems as a result of improved affective computing.

Responding to changes in contextual and environmental cues.

Enabling cross-modal sensory integration to provide a more immer-
sive and responsive interaction.

Reconceptualizing body representations.

Developing holistic body systems integrating somatic experiences
and the nuances of soft tissue dynamics.

Translating physical interactions such as touch and weight sharing.

Expanding the scope of digital embodied agents to hybrid models
utilizing robots or interactive objects.

Evaluating creative AL

Identifying new metrics for success in co-creative Al

as secondary forms of interaction. Current research in human-robot
interaction [4] and biofeedback [116] can inform future work.

Evaluating Creative AI: Existing methods of evaluating creative
Al focus on technical benchmarks [41], generated artifacts [39], or
on users’ feelings of creativity and immersion [20, 54]. Our findings
indicate that other metrics may be necessary for evaluating the
success of co-creative Al in embodied improvisational domains.
These metrics would consider aspects like feelings of connectedness
and mutual awareness, providing a more comprehensive assessment
of Al's success in collaborative and improvisational settings. Such
an approach could lead to a deeper understanding of the efficacy
and impact of Al in creative collaborations.

7 LIMITATIONS AND FUTURE WORK

This study was conducted with 24 dance students at one university.
Although a variety of body types, genders, and races/ethnicities
were represented in our study group, it is likely that some per-
spectives were missed. Expansion on these initial results will be
necessary in the future with dancers trained in different styles and
cultural contexts, with different levels of expertise, and with differ-
ent body types. In particular, our findings demonstrate the need
for an expanded conception of ‘the body’ and bodily experiences
in computational representations and communication. This corrob-
orates calls to recognize and design for a plurality of bodies, and
necessitates a future HCI research agenda that prioritizes under-
standing and designing for/with those with non-normative bodies
[107]. For instance, we are exploring future work that investigates
the role devices used by disabled dancers (e.g., wheelchair users)
play in shaping embodied communication and collaboration.

Our design recommendations are derived from our findings, but
have not yet been empirically tested through implementation in
LuminAI and evaluation with dancers. We are concurrently: 1)
developing a body action taxonomy to more accurately represent
the full body actions of improvisational movements; 2) prototyping
our design recommendations with dancers and instructors; and 3)
onducting a longitudinal study to evaluate LuminAI’s impact on
improvisational dance classes practices and performance rehearsals.

Finally, it is possible that dancers’ expectations of an Al dance
partner may differ from their expectations of a human dance partner.
As we further develop LuminAlI our future work will investigate
whether a human-AI interaction context necessitates alterations to
our model of improvisational dance.

8 CONCLUSION

Co-creativity remains an under-explored area in HCI, particularly
within embodied domains like dance improvisation. This paper
takes a human-centered approach to developing Al [97], delving
into the nuances of embodied human co-creativity to inform the
design of co-creative Al systems. Through focus groups with dance
students, we uncovered the intricate dynamics of dyadic interac-
tion in movement improvisation, highlighting the delicate balance
between self, partner, and environment. Our findings culminate
in a comprehensive model that not only captures the multifac-
eted constructs of inputs but also offers generative strategies and
heuristics for successful collaborative improvisation. This model
can guide and inspire the design of future technologies in embodied
movement improvisation.

In the context of our own work, as we highlight in the Discus-
sion, our findings pave the way for the human-centered re-design
of LuminAl a co-creative Al dance partner. By understanding the
core elements of human movement improvisation, we can inform
the design of Al systems that can seamlessly co-create with us in
embodied domains. While this paper focused on dance, the implica-
tions extend to a broader range of co-creative interactions, setting
the stage for a future where humans and machines can collabora-
tively engage in real-time, embodied creative partnerships.
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