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ABSTRACT
This paper takes a theoretical approach to movement computing
education for young learners, with a focus on middle grades (grades
6-8, ages 11-14). This age group is targeted as a lower bound because,
while some elements of computational thinking may be available to
still younger learners, there are abstractions involved in movement
computation that pre-require a certain amount of formal opera-
tion, in the Piagetian sense. We outline a parallel foundation of key
ideas in movement (specifically dance) and key ideas in comput-
ing (specifically data representations) at this age-appropriate level.
We describe how these foundations might be laid down together
early on so that they can later be integrated via the introduction
of sensing and feedback technology. Concepts in movement and
choreography are studied using words and bodies, as in traditional
dance education, and later using computer simulations and motion
capture. Data concepts are introduced first by appeal to general
questions and later by specification to the movement of individual
and collective joints and bodies.
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1 INTRODUCTION AND BACKGROUND
For as long as computers have been available to artists, they have
explored and advanced the frontier of creation with these “new me-
dia” tools. Art education, however, did not rush in as quickly. To be
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sure, studio art, music, and dance have traditions of practice that are
thousands of years old, next to which the computer age is a recent
blip. Teaching of computing in schools initially emphasized either
learning how to use common software applications—sometimes
referred to as information and communication technology (ICT)
skills—or learning to write computer programs [18]. Recent years,
however, have seen a shift towards a more holistic view of com-
puting education. This turn has included both a broader range of
computing topics [12] and problem solving skills under the ban-
ner of computational thinking [30]. Not only did artists embrace
computers, but computer scientists came to embrace artists and
artistically minded learners through developments in creative com-
puting. New pedagogical approaches emerged, especially within
the past decade, for e-textile crafting [7, 19], computer music cre-
ation [21], and digital media manipulation [16]. However, while
the intersection of dance and computing has matured among adult
artists and professionals, this inter-disciplinary domain has only
just begun to make inroads into school-age study [14].

Notable efforts to bring computational science and dance to-
gether for young learners include STEM from Dance (stemfrom-
dance.org), an organization that teaches physical computing and
programming to girls, culminating in a tech-enhanced live per-
formance; Embodied Physics (terc.edu/projects/embodied-physics),
a project targeting kinesthetic knowledge of physics through dance;
andDance Party (athletesforcomputerscience.org/dance-party.html),
a block-based environment for choreography with animated sprites.

In this work, we consider the problem of developing a truly bi-
lateral movement computing education program for middle grades.
Bilateral means that key movement concepts are explored through
computing technologies, while learners simultaneously develop key
ideas in computation through the combined experience of enacting,
describing, capturing, and analyzing movement. We focus on dance
because it is possible to connect to existing standards already em-
braced by school systems (e.g., [23]) and to train pre-service dance
teachers in movement computing. We focus on middle grades as
a target population because certain topics in computing require a
degree of abstraction that is associated with Piaget’s formal oper-
ational stage of development [25]. At this stage, adolescents can
reliably imagine hypothetical states such as alternate visual rep-
resentations, and their development of time, speed, and distance
concepts approaches that of adults [27].

Computing in the context of dance learning is compelling for
several reasons. For one, dance is a fertile ground for developing
culturally relevant and sustaining pedagogy [20]. Second, embod-
ied learning of computing concepts can emerge from the pairing
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of dance and computing [3, 29]. Third, computing-style abstrac-
tions can inform dance education, just as professional artists’ use
of computers informs their dance practice. Dual-coding theory [11]
suggests that concept encoding (learning) is improved when verbal
and non-verbal modalities are integrated. Computer visualizations
and simulations, along with movement, complement verbal and
symbol systems. Finally, exposing young dance students to au-
thentic computing experiences may yield unique perspectives into
human-computer interaction.

El Raheb and collaborators [14] recently conducted a thorough
survey of dance interactive learning systems (DILS). The essential
characteristics of DILSs is that they are (a) designed for educational
purposes, (b) use whole-body movement, and (c) include visual-
ization modalities (e.g., mixed/virtual/augmented reality). DILSs
do not, however, centralize the importance of learning about com-
puting in the process of learning about dance. By contrast, we
consider putting the learning objectives of movement and comput-
ing on equal footing. Our focus on the needs of younger learners is
also informed by perspectives of cognitive science and interaction
design. State-of-the-art systems for annotating or creating com-
puter choreography (e.g., DanceForms [8] or the Choreographic
Language Agent [13]) have been designed for expert users. While
professional choreographers require advanced creative control—
and are willing to pay a price in complex, idiosyncratic interfaces
[1]—young learners have different needs. Movement computing for
learners requires simplified systems that segment and scaffold in-
struction, pre-train necessary skills, and signal the salient features
using multiple representations.

Our approach builds on related scholarship at the intersection
of movement analysis and education. Projects using computational
analysis and data visualization with high school step dance teams
[3] and in STEAM Makerspaces [10] have shown how students’
interests in dance can be an engaging entry point into science
and technology. Previous work has also explored practical applica-
tions including feedback of correct postural and skeletal alignments
(specific to codified techniques) [22] and assessment of rhythmic
patterns performed in the body [17]. Several studies have inves-
tigated the analysis and notation of movement through the use
of motion capture technologies and Laban Movement Analysis or
Labanotation [2, 5, 26].

2 SCOPING THE LEARNING GOALS
Either dance or computing alone can easily fill the time allocated
to a middle-grades curriculum. Teaching both topics requires de-
liberate selection. This selection ought to prioritize topics from
movement and computing that are complementary, so that these
ways of thinking mutually inform each other. It is advisable to
trade breadth for depth. In this section, we examine a selection
of key ideas with reference to educational standards from both
dance—namely the Blueprint of the New York City Department of
Education [23]—and computing (the CSTA K-12 standards [12]).

Key Ideas in Movement
TheNYC Blueprint has five strands of focus for grades Pre-K through
12: dance making; developing dance literacy; making connections;
working with community and cultural resources; and exploring

careers and life long learning. The first three of these strands are
more relevant to a movement computing program. A selection of
relevant sub-categories include the following: transfer spatial pat-
terns from visual to kinesthetic; analyze basic structural elements;
record changes in a dance sequence through writing, symbols, or a
form of media technology; analyze howmovement and relationship
create meaning.

Consider the following activity from the perspective of dance
literacy. One dancer stands in the center of the space while another
orbits around them in a circular pathway facing into the circle. The
orbiter then maintains their pathway but changes their facing to
outside of the circle, away from the dancer in the center. Observers
will attempt to create meaning from this movement exploration.
They will identify and articulate the perceived relationship between
the two bodies in each movement scenario. Their observations will
be discussed and translated into notation. This is one example of a
basic exercise that could be built into a unit exploring directions,
facings, and pathways, and the meaning they elicit.

Computer simulations—whose value for concept learning in
science is well-documented [28]—can enhance this learning expe-
rience. For example, a sandbox environment under development
allows students to select combinations of facings and pathways and
animate dancers (circles or icons) in a bird’s eye view of the stage.
This kind of simulation may be contrasted with creativity support
tools used by professionals and with "edutainment" software such
as Dance Party. Simulators are deliberately limited and simplified.
For example, pathway choices are circular or linear. Each choice is
accompanied by some parametric degrees of freedom (e.g., radius,
path-length). Facings can be relative to the dancer-self (forwards,
left), to the stage (front), or to another dancer. Using simulation
tools in addition to verbal descriptions and enacted movements
helps to reinforce the connection between symbolic, iconic, and
enactive representations [6].

In sports medicine and physical therapy, computing systems and
motion sensors are commonly used to analyse the biomechanics of
a patient to help re-train ineffective or harmful movement patterns.
In contrast, many dance forms value the aesthetic of the codified
technique and prioritize the structure and outward appearance of
the body. Motion capture and data analysis can be used to provide
feedback for the biomechanical and aesthetic requirements of dance
[9]. Computing can also be used to elaborate differences between
basic locomotor and non-locomotor movements along with ele-
ments of composition such as directions, facings, and pathways.
The lessons will guide students to embody Laban effort intent and
discover dance literacy through the Laban notation system and
choreographic toolbox.

Key Ideas in Computing
The CSTA standards make explicit reference to five concept areas
in the K-12 framework (k12cs.org): computing systems; networks
and the internet; data and analysis; algorithms and programming;
and impacts of computing. Insofar as a movement computing cur-
riculum involves learning about hardware systems–either wearable
systems, external sensors, or hybrid motion capture—this would fall
under computing systems. If students learn to write programs to
simulate movement or process movement data (including machine
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Table 1: Foundation units in dance and data: Questions and key ideas

Unit Introduction to Dance Introduction to Data
Questions What is dance? What are movements that we can use to build a dance? What are data?
Ideas Dances can be created by combining individual movements into a phrase. Data are observations/values that carry information about people or events

of interest.
Unit Introduction to the Choreographic Toolbox Asking Questions with Data
Questions What kinds of choices can we make to create a new dance? What kinds of questions can we ask of data?
Ideas We can use choreographic tools to manipulate a basic phrase and make it

unique.
We can use data to describe what and how, but not why. We can group and
classify using data.

Unit Conveying Ideas through Choreography Capturing Data
Questions What ideas may be conveyed by choreographic choices? Can people get

different ideas from watching the same dances?
What is captured when we capture data? What is lost in the process? Are data
objective?

Ideas Choreography can be intentional in creating a message or conveying an idea
to our audience.

The question we want to answer (the intention) and the tools we use influence
the nature of the data we capture.

Unit Exploring Movement Effort Making Sense of Data
Questions How can we explore and use movement effort? What can movement effort

convey within a choreographic structure?
How do we turn data into information? What is the data analysts toolbox?

Ideas Effort is another layer we can add to ourmovement tomake it more interesting,
unique, and effective.

In order to be able to make sense of data and make it meaningful, we often
need a simplification (model) of reality.

Unit Effort Phrasing Visualizing Data
Questions How do different choices of phrasing impact the movement and choreographic

ideas?
How do different choices of representation result in different ways of knowing
and communicating?

Ideas Effort phrasing is an effective tool in conveying a concept of a dance. Data visualizations can help us take in a lot of information at once, but
visualization choices have an impact on the information conveyed.

Unit Communicating with and Critiquing Dance Communicating with and Critiquing Data
Questions What questions can we ask to learn about the choreography of others? What

are helpful ways to give feedback? What criteria do we value when watching
dance?

What questions are important to ask when encountering a data analysis?

Ideas We can learn from observing dances and discussing our thoughts and reactions
to them. Receiving feedback is an important step in revising and improving
our dances.

Data analysis can tell a story, but the recipient must engage with it. What is
missing from the data analysis is sometimes as important as what is present.

learning classification), these topics would fall under algorithms
and programming. While sensing technologies (systems) and vi-
sualization programs will inevitably be a part of the movement
computing experience, we suggest that a good starting point for
instruction is the data and analysis category.

There are a few reasons for starting with data. For one thing,
dance notation systems that are not computer based, e.g., Labano-
tation, already expose students to the idea of symbolic abstraction
by representing movement using a precise labeling system. Thus
students will have available to them analogies between dance “lan-
guage” and data representations. Analogies provide multiple access
points and ways of reasoning that strengthen encoding/learning
[15]. Physical computing systems, while important, do not syner-
gize in quite the same way with early concept learning about dance
movement. The computing systems may seem like entirely separate
problem domains. Moreover, hardware is an extensive subject to
master, and system failure can be very frustrating. We are in favor
of productive failure when it comes to learning about hardware. But
when learning about movement computing, we feel that hardware
challenges contribute to cognitive overload [24], preventing the
learner from staying focused on key ideas. Similar considerations
apply in choosing data representations over coding techniques.

Level 2 (grades 6-8) CSTA standards under the data and analysis
strand include the following: represent data usingmultiple encoding
schemes; collect data using computational tools and transform the
data to make it more useful and reliable; and refine computational
models based on the data they have generated. (Create interactive
data visualizations using software tools is a level 3 standard—grades
9-10). It should be easy to imagine how movement-related data can
be used to anchor these experiences. For example, the learner can
establish coordinate systems in which to situate the dancer’s body;

analyze absolute and relative positions (between joints or between
bodies); and compare actual movements or postures to idealized
values (computing “distances” in a classifier). Motion capture de-
vices, described in section 4, will present concrete examples of
data encoding schemes, while visualization tools will employ data
transformation.

3 FOUNDATION AND INTEGRATION
Having considered the scope of learning objectives from the move-
ment and computing fields, we now provide an example guide for
curriculum design. We have selected a small range of topics and
outlined each one using guiding questions and key ideas rather
than explicit activities. This scoping supports either designing a
shorter course (e.g., one semester) or achieving more depth through
extended exposure. The latter would be ideal, but an experimental
course might be short. The structure is as follows. We establish a ba-
sic foundation in movement (dance) and computing (data) through
six units. Building on this, we describe six integration units that
weave dance and data concepts together.

The foundational units are summarized in Table 1. The guiding
principle is to establish two parallel ways of thinking from the
start of the course. Dance vocabulary and data vocabulary need
to be articulated independently. A class that meets twice a week
might allocate one day to dance and the other to data. That said,
effort is made not only to anticipate the integration of these topics
but to follow similar structure of inquiry for both. Through the
key ideas and questions, we consider it essential to anticipate the
limits of movement computing. For example, what are the problems
of data reduction, of operationalization choices, and of subjective
experience?
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Following the introductory units, data and dance become more
integrated in the next group of units. We suggest four potential
units and provide a brief synopsis for each. We have already al-
luded in Section 2 to the enactment and simulation of simple com-
binations of Facings and Pathways. Motion capture can also be
included here, given suitable technology (see below). Definitions
and Boundaries (Efforts + Distinctions) is a unit dedicated to La-
ban effort qualities, with an acknowledgement of the limitations
observed in perceptual experience[4]. What is the definition of
direct/indirect, quick/sustained? Where is the boundary between
the ends of each scale, and how would a computer be instructed
to tell them apart? Feedback and Perception is dedicated to posture
classification and proprioception and introduces the possibility of
responsive/interactive technology. Underdetermination considers
what is left out from choreographic annotation systems and data
visualizations. For example, rather different movements can still
be described by the same pathway, if we only track one part of the
body on the plane of the stage.

4 TECHNOLOGY REQUIREMENTS
The technology frontier occupied by researchers and professionals
is a bridge too far for schools, where systems need to be reasonably
cheap and portable while still reliable. We consider some require-
ments for technology in a movement computing curriculum and
propose some specific options. For example, it must be possible to
track the positions of at least two dancers on the scale of a small
stage (e.g., 5 meters). It must also be possible to track whole bodies
and the relative position of body parts.

Although computer-vision (CV) skeletonization is possible using
ordinary video, we do not recommend it for most classrooms. The
computational burden for real time analysis is high, and CV algo-
rithms are noisy compared with results from Kinect sensors. Errors,
such as body parts becoming detached or mis-connected to other
bodies, are likely to be distracting. Meanwhile, Kinect sensors are
inexpensive and require only a basic classroom computer. Kinec-
tron (kinectron.github.io) allows the Kinect feed to be broadcast
and received by multiple PCs running web apps. Thus students can
interact individually or in small groups with a single Kinect feed.

While the Kinect sensor is adequate for “local” body movements,
it has some drawbacks in tracking the position of one ormore bodies
on the scale of a stage. This is because there is a limited range of both
camera angle and depth sensitivity. Two different Kinect sensors
can be used to track a body, with each one tracking one extent
dimension of the room (i.e., width and length). An easier option is
to use radio-frequency position tracking devices for this task. An
example is Pozyx (pozyx.io), a slightly pricey system for classroom
use ($1000) but very accurate. The feed from such tracking systems
can be broadcast to interactive web apps using the MQTT protocol.

5 CONCLUSION
We believe that a movement computing education program for
middle grades is tractable and worth pursuing. We have outlined in
brief some design considerations, taking into account established
learning objectives from dance and computing while seeking to
maximize the synergy from their interaction.
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