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Abstract: A novel interface for the real-time control of interactive visuals
through full body dance movements is designed with a specific focus on
the notion of movement qualities (the manner in which the movement is
executed). The system can recognise predefined movement qualities through
gesture analysis. It also allows for the control of abstract visuals based
on physical models, specifically mass-springs models, displaying graphical
animations with ‘qualities’ reflecting the participants’ expressions.
This work has been implemented and tested in an interactive installation
called ‘Double Skin/Double Mind’. In that context, we were able to test the
contribution of our system to dance pedagogy and to collect participants’
feedback. These preliminary tests suggest that the dancers can embrace the
interaction with physical model-based visuals. They also reveal that the
movement qualities of the visuals generated by our system fairly mirror the
dancers’ own qualities.
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1 Introduction
Full-body interaction with electronic or digital media has undergone experimentation
for more than 50 years both in arts and science communities. Concerning performing
arts, important dance works1,2 emerged, where full-body motion sensing systems
were used to control or interact with sounds and visuals. Full-body interaction
has also been intensively explored, specifically in human-computer interaction (HCI)
(England et al., 2010). These complementary interests make the interactive medias based
on body motion a particularly fruitful topic for arts and sciences collaborations.
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This paper concerns such an interdisciplinary work, i.e., an arts and sciences
collaboration where full-body interaction is used in a dance pedagogical installation.
In our work, we study how interactive visuals can be controlled in real-time through
full body dance movements. We aim to produce abstract visuals in which behaviours
can be related to specific dance characteristics. The novelty in our approach is that our
physics-based interface focuses particularly on the notion of movement qualities.
Movement quality can be defined as the manner in which the movement is executed.
Notions of movement qualities are central in modern dance: learning to shape movement
into dance comes from the understanding of movement qualities. For Laban (1963),
the ‘inner intention’ is the origin of the dancer’s movement quality. Therefore, the
transmission of such movement qualities usually relies on word imagery addressed to
the ‘inner intention’ rather than a rational description of the postures and movement
shapes.
This inspired us to design a system that displays interactive visuals informing the
participant on her/his movement qualities rather than postures or movement trajectories.
This choice is motivated by the strong tendency in modern dance pedagogy to encourage
the students to focus on their intention that sculpts their movement qualities. Such
interactive visuals have a strong pedagogical potential since they provide the dancers
with a feedback that leads them to improve their execution of movement qualities.
Therefore, we designed an interactive system that intends to capture and reflect the
movement qualities of the dancer, by synthesising a graphical feedback with similar
‘qualities’.
To simulate such dynamical behaviours, physically-based models are particularly
adapted and specifically mass-springs system (MSS), i.e., an ensemble of virtual masses
linked together with springs and moving accordingly. They have a high expressive
potential and they are able to generate visuals that can be considered as a graphical
metaphor reflecting the dancer’s movement qualities without explicitly mimicking
her/his movement trajectories.
We propose a general approach where each implementation should be tuned to
particular dance practices, since the definitions of movement qualities can highly vary
depending on choreographers. We describe in this paper such a specific implementation,
achieved in the context of the Emio Greco|PC3 Dance Company (EG|PC). The
work described here was implemented in the ‘Double Skin/Double Mind’ (DS/DM)
installation, based on the pedagogical dance workshop DS/DM, used by EG|PC to
transmit basic elements of their movement approach. This installation is an immersive
and interactive space where the participants are invited to learn and experience some of
the company motion vocabulary.
This paper is organised as follows: firstly, we contextualise our inter-disciplinary
study by reporting related works in the field of performing arts, dance and technology
and HCI. Secondly, we summarise our approach and the general system architecture.
We then describe important elements of the notion of movement qualities, mostly in
references to the works of Laban. In Section 5, we describe the system design as a
combination of computer-based movement analysis and synthesis, and how they are
related to each other. We describe in Section 6 in details the specific implementation of
this work in the context of the DS/DM installation. Section 7 presents the results of the
tests we conducted during a week of artistic residency. Finally, the last section presents
a discussion and the perspectives of this work.
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2 Background
Dixon (2007) defines digital performance as “all performance works where computer
technologies play a key role rather than a subsidiary one in content, techniques,
aesthetics, or delivery forms”. Performing arts have witnessed an anthology of works
where computer technology played a key role. We review below various aspects of
Digital Performance that relates to our work.
We first note that a range of softwares has been developed to assist choreographers
in their creative process. DeLahunta (2002) reflected on the use of software for dance,
in particular, software as a rehearsal tool for choreographers. Among them, ‘Life Form
Dance’ has been Merce Cunningham’s tool to conceive movements on animated 3D
characters (Schiphorst and Cunningham, 1997). ‘Isadora’ software has been widely
used in performing arts, for instance in Troika Ranch4 performances, as a graphic
programming environment that enables a range of real-time manipulation of digital video
and provides interactive control over digital media.
Digital performance explores the possibilities offered by computer technologies such
as motion capture and full-body interaction. One of the main figures in dance that used
motion capture was Merce Cunningham who projected, in his piece ‘BIPED’ (1999),
images of virtual dancers on stage. His (non-interactive) animations derived from a
complex process with motion-capture techniques and animation rendering. Nowadays,
various motion capture systems are available, presenting different advantages regarding
the different context of use. The most popular motion capture system remains 2D or
3D cameras (infra-red camera such as Kinect or a 3D motion capture systems such as
Optitrack or Vicon) and motion sensors (such as accelerometers or gyroscopes in WII
or in Arduino modules). 2D or 3D Motion capture allow for a full body tracking while
sensors are adapted for the fast and accurate tracking of specific body part motion. We
report in this paper on the results obtained with a single infra-red 2D camera, where
this choice was motivated as a tradeoff between the precision of whole body tracking
and the usability in a public installation.
Experiments in full-body interaction with electronic and digital media have been
used in the arts and sciences for more than 50 years. In 1966, 9 Evenings5 was
the first collaboration between artists (among them visual artists such as Robert
Rauschenberg, composers such as John Cage, or choreographers such as Steve Paxton
and Lucinda Childs) and engineers and scientists from the Bell Laboratories. They
worked together to use technological systems such as video and television projection,
wireless sound transmission, infrared television camera and Doppler sonar, as an
important part of the artists’ performances. Moreover, pioneers in the field of arts such
as Krueger et al. (1985) or Rokeby (1995) invented reactive or interactive installations
centred on body motion that have been greatly influential in performing arts. They
made possible the emergence of works where motion sensing systems were used to
control or interact with sounds and visuals. In dance, an interesting example of the use
of interactive digital media, is the performance-installation ‘Contours’ (2000) by Susan
Kozel1 involving live dancers and interactive computer imagery. ‘Contours’ captures
the dancers’ movements by means of infrared cameras and computers, which translated
the kinetic information in real-time into digital imagery. More recent work of Trisha
Brown’s ‘How long does the subject linger on the edge of the volume...’2 (2005) makes
use of a 3D motion capture system that feeds computer autonomous agents to generate
abstract interactive visuals. Gideon Orbazanek6 in ‘Mortal engine’ make use of 2D
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cameras to create innovative interactive stage and lightnings. Inspired by these works,
we have wished to explore a step further in gestural control of digital media for the
performing arts by focusing on movement qualities, instead of the mere movement
trajectories.
Computer technologies have also played a key role in arts and science projects,
where they have been used to assist dance notation, documentation or pedagogy.
Indeed, many projects have used computer technologies to produce CD-ROMs, DVDs
and websites for dance education or dissemination. For example, Christian Ziegler
designed the ‘Improvisation Technologies’ CD-ROM7 that provides lectures and
demonstrations augmented with digital images to show the essential principles of
William Forsythe’s improvisation techniques. Palazzi and Shaw (2009) developed the
‘synchronous object’ that visualises the choreographic intentions in Forsythe’s piece
‘One flat thing reproduced’8 . EG|PC Dance Company has initiated several projects
to address new media as a potential way of documenting, notating and re-creating
dance (Bermudez, 2009) such as the DVD-ROM ‘capturing intention’ and the ‘Inside
movement knowledge project9 . Interestingly, dance notation and transmission are
currently the focus of several other media projects, implying collaborations between
choreographers and academic research institutions such as Tardieu et al. (2010) with
the Bud Blumentha/hybrid10 or the transmedia knowledge base for contemporary dance
project11 (TKB) with the choreographer Rui Horta. One of the main purposes of the
DS/DM installation designed in collaboration with EG|PC Dance Company was to
explore new responsive digital environments for assisting dance pedagogy.
Research has begun to investigate how performing arts can be used to understand
HCI or to challenge machine Learning algorithms. In particular, full-body interaction
is now becoming a main topic in HCI (England et al., 2010). Note that the gaming
industry, especially with the marketing of the Kinect interface, capitalises on full-body
interaction advances.
In contrast to artistic practices, most interactive systems in HCI are concerned with
usability and efficiency. This idea is developped in Dix et al. (2005) paper: ”The
very nature of the use of technology in art breaks from the original emphasis in HCI
of efficiency”. Nevertheless, HCI can be enriched by bringing in new interactions
inspired from performing arts that “defeat usability barriers and play creatively with
the concepts of HCI” (England et al., 2007). Indeed, Sheridan et al. (2007) state
that “as computing moves away from the desktop to mobile and wireless ubiquitous
environments, we see a shift to non-task-based uses of computing and understanding
the needs of users as performers. To better understand these needs HCI requires an
understanding of performance framing”. For this purpose, Dix et al. (2005) formalises
in an HCI perspective, performative acts, in order to understand how interaction with
interfaces impact performers or participants. Moreover, Reeves et al. (2005) present a
framework for understanding the role of technology in public performances along with
a classification of interfaces according to how they hide or reveal manipulations and
effects.
Respectively, computer science explores the computational challenges raised by
dance movement in the design of interactive media software and tools. The theories of
Laban (1963) have been the starting point for several computational models and systems.
Zhao (2001) developed the EMOTE system that produces animated characters based on
key pose and time information using effort and shape qualities. He used EMOTE to
control a 3D animation for expressive limb and torso movement creating a virtual actor
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with communicative and expressive gestures. Camurri et al. (2004) and Volpe (2003)
considered gesture as one of the main modalities that conveys information in non-verbal
communication (NVC), as proposed previously by Argyle (1988). They built a software,
Eyesweb, as a platform for expressive gesture analysis based on Laban effort theory.
Volpe (2003) defined in his doctoral thesis an architecture of such a platform, where
he analyses the physical signal to produce high-level description of gesture. This
platform is designed to provide movement analysis with general parameters, while our
approach is to define a methodology to build specific (and not general) movement
analysis and produce description closely related to each gesture. Moreover, our system
combines, an analysis through movement recognition and a synthesis of gesture through
physical models-based visuals. Dance movement analysis is a fruitful topic for machine
learning and particularly movement recognition (Dyaberi et al., 2004; Bevilacqua et al.,
2010; Rajko et al., 2007). The existing recognition systems address movement or
style recognition or emotion extraction but to our knowledge no recognition system
focuses on movement qualities. For example, Camurri et al. (2000) propose an automatic
classifier to derive gestures into four primary emotions (anger, fear, sadness, and joy).
They subsequently focuse on the use of eyesweb for gesture as a human emotion
conveyor. In contrast, we focus on movement qualities as important characteristics of
dance movement rather than on the emotions related to the expressive gesture. As
Picard (1997), we assume that the performers intention related to their emotion is not
actually measurable, only the response to the emotional state and intentionality behind
the expressive gesture can be measured. We follow such an approach: we do not claim
to be able to measure an intention or an emotional state but the response to it, thus the
movement qualities.

3 General approach
The interface shown in Figure 1 is an interactive immersive space. The dancers
movements are sensed by a motion capture system, and the data are analysed in
real-time by a computer programme. This programme is able to recognise dance
movements. The results are then used to feed a second programme that generates
interactive visuals governed by physical models and display them on a large screen.
Our approach for the interaction is primarily based on movement qualities, for
both the movement analysis and the graphical rendering. Our software produces visuals
according to the recognised movement qualities. The recognition algorithm associates
in real-time the performed gestures with pre-tagged movements. The reference corpus
is made of pre-recorded movements that have been manually associated with associated
qualities (see Figure 2). For each processed movement, a mapping strategy associates
the dancer’s movement quality with a corresponding graphical behaviour.
This system has a two-way flow of information: on the one hand, an input
component where the dancer ‘controls’ the visuals through her/his motions. On the other
hand, an output component where the visuals are a feedback to the dancer and therefore
can influence her/his movement. An overview of the system featuring this feedback is
illustrated in Figure 1. In this paper we focus on the input component. To analyse the
output component of our system, we are planning to create an experiment with dance
students and professionals in order to evaluate how they perceive the influence that the
feedback has on them.
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Figure 1

The architecture of the interface: the dancer’s movement is captured and processed
to generate interactive visuals on the screen (see online version for colours)

Figure 2

The general methodology of the interface

Our goal was to build a system that works in specific dance contexts, where at
least a glossary, meaning a verbal formalisation, of movement qualities already
exists. As illustrated in Figure 2, such a glossary allows to make informed choices
about appropriate computer modelling and parameters for the movement analysis and
visual rendering. Bermudez and Fernandes (2010) proposed a detailed glossary of
the vocabulary of EG|PC. In the case study that we present here, we transcribed
the linguistic descriptions of movement qualities of this glossary into our system’s
quantitative movement parameters.
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Thus, at least at this stage of our research, we are not aiming to design an interactive
system that could work for any type of human motion, but rather to develop an approach
for use in particular contexts. It is possible that this approach may be expanded for a
use in broader domains in the future.

4 Elements of movement qualities
This section provides some important references about movement quality. As already
mentioned, such a notion is generally recognised as central in modern and contemporary
dance, even if no absolute definition, and even denomination, can be found. Generally,
one can argue that learning modern dance is concerned with the action of shaping
movement with an ‘inner intention’ and an understanding of movement quality. As
already stated, movement quality should be understood in this paper as the manner in
which the movement is executed. Two movements can be similar in terms of trajectory
but can actually be different in terms of movement quality. Choices in relation to the
dynamic, shape, space and time use, are required in order to express ourselves through
that movement. This means that an intention exists prior to the actual act of moving in
order to allow these choices to be made.
First, the contributions of Laban (1963) represent a major basis for the understanding
of movement qualities.

4.1 Laban effort theory
In the effort theory, Rudolf Laban categorises movement by elements of effort or
dynamics. This takes into account the way a person performs an action and the related
‘inner intention’. A person’s intention can produce changes for instance in the degree
of control over the movement, the strength and the timing of the movement. Therefore,
the intention affects movement dynamics and these are then intended or perceived as
different movement qualities.
Let us present the four categories of the Laban theory to characterise different effort
or dynamics related to a movement:
•

‘Body’: What is moving? What movement is produced? Laban analyses the
physical characteristics of the body while moving.

•

‘Space’: Where is it moving? What space? Laban sees the human movement as a
lively spacial architecture. He defines the Kinesphere as the individual area that
the body is moving within (geometrical observations of where the movement is
being done) and how the mover is paying attention to it (spatial intention).

•

‘Effort’: How is it moving? With what qualities? Sometimes this notion is
described by Laban as dynamics. Usually it is a main aspect of what dance
professionals call movement quality. The notion of effort helps understanding the
characteristics about the way a movement is done with respect to ‘inner intention’.

•

‘Shape’: How does it change shape during movement? In this category, Laban
analyses how the shape of the body changes. This shape alteration can be static
for postures that the body takes. It can also be dynamic: Laban defines the notion
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of ‘shape quality’ as the way the body is actively changing toward some point in
space. Alongside the notion of effort, it is an aspect of what we call movement
quality.
Moreover, Baternieff (the founder of the Laban/Bartenieff Institute of Movement
Studies) descriptors of movement such as the breath support and the centre of weight
or weight transference are a complementary aspect of movement in modern dance and
in the work we will present conducted with the EG|PC Company.

4.2 The ‘pre-movement’
The ‘pre-movement’ is another notion that helps apprehend and understand what is
meant by movement qualities. In his book, Godard (1995) considers that “beyond the
problem of mechanics and locomotion, before even the intention, the dance posture
contains psychological and expressive elements”. These elements, that he calls the
‘pre-movement’ are related to the weight and the gravity before the dancer moves.
“They produce the expressive charge in the movement. The same gestural shape,
for instance an arabesque, can have different meanings depending on the quality
of the “pre-movement” [...] The “pre-movement” determines the quality and the
specific color of a gesture”.

For Godard, to enhance, modify, or diversify a movement quality, a dancer must
master all movement dimensions, including those of the ‘pre-movement’. His notion of
‘pre-movement’ is closely related to the notion of intention of Laban: the intention is
what shapes the qualities of the performed movement.
The notion of ‘pre-movement’ has an echo in neurosciences. It can be seen as
related to Berthoz (2008) anticipatory nature of movement (or movement control).
Before grabbing an object on the floor, there is an automatic synergy, a flexion
( a ‘pre-movement’ or an ‘intention’) that slightly pushes the body back. Thus
‘pre-movement’ can be understood as the preparation for the movement execution
that occurs before a significant motion is observed. Therefore, measurements of
physiological parameters are adapted for capturing the ‘pre-movement’. Measurable
mechanisms such as muscle activation, heartbeat, or brain signals can be sensitive to
‘pre-movements’ even if there is no significant visible movement.
In this work, we assume that the performers’ ‘pre-movement’ is not actually
measurable using our current motion sensing system (a single infra-red camera), only
the movement qualities as response to this intentionality can be measured and analysed.
Nevertheless, traces of a movement preparation in our movement analysis data, that can
be related to ‘pre-movement’, may encourage us to pursue investigating this topic for a
better analysis of ‘intention’ and thus movement in dance.

5 System design
We present in this paper a system in which interactive visuals can be controlled in
real-time through full body dance movements. We aim to provide abstract visuals
in which behaviours can be related to specific dance movement qualities. For this
purpose we designed a multi-layered system. The first layer, the motion sensing system,
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measures in real-time dancer postures and movements. The second layer, movement
parameters extraction, allows for a precise characterisation of movement qualities.
The third layer, movement recognition, recognises automatically dance movements that
encompass the different movement qualities. Finally, the fourth layer of our system,
physical models-based visuals, generates a graphical synthesis of the analysed dancers
movement qualities. It presents abstract visuals composed of an ensemble of virtual
masses linked together with springs whose movements have similar qualities to the
participant movements. More specifically, the participant movement qualities control the
physical model forces applied on the masses by the springs (internal forces such as
elastic) or by the environment (external forces such as the viscosity).

5.1 Motion sensing
Our general framework can accommodate different types of technology for motion
sensing. For example, we have experimented with sensors such as accelerometers
attached to the dancer’s body, or an Optitrack motion capture system with 34 markers,
or a single camera such as Kinect or a regular infra-red camera. Generally, some
practical constraints might favor a particular system. We report in this paper on
the results obtained with a single camera. This choice was motivated as a tradeoff
between the precision of the movements parameters and practical constraints. To be
more precise, cameras are advantageous for installation since no sensor must be worn
by the participants. From the camera image, we extract, using a custom computer
programme (written in Max/MSP/Jitter using cv.jit12 ), the silhouette of the participant
and geometrical features of the silhouette, such as its width, height, centre of gravity
(referred as the bounding box in computer vision). As shown in Figure 4, among other
refinements, we divide the silhouette in four quadrants, allowing for the assessment of
asymmetry in left/right and up/down parts of the silhouette.

5.2 Movement parameters
The movement parameters are computed from the motion sensing output parameters in
order to obtain graspable parameters from a dance perspective. The goal here is to define
formulae and algorithms that are directly inspired from movement qualities formalised
in a glossary (thus for a given dance context). The work of Volpe (2003) is an interesting
approach in this regard since he proposed several general movement parameters inspired
from the Laban effort analysis (see Figure 3), such as contraction/expansion index,
directness index, impulsion, etc. However, in contrast to Volpe’s approach, we do
not seek to define general parameters that could be used in any dance context. We
propose, specific parameters for movement qualities associated with given choreographic
approaches.
We categorise movement parameters into spatial and temporal parameters. Spatial
parameters are used to characterise either geometric features of the body, or spatial
relationship of the body to the space.
Temporal parameters are used to characterise the temporal evolution of spatial
parameters. The temporal parameters describe how movements develops with a certain
dynamic or behaviours, such as speed, or quantity of motion (Camurri et al., 2004).
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Laban effort graph

Figure 4

The video analysis showing low-level parameters: silhouette is divided in four
bounding boxes, jointed at the centre of mass
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5.3 Machine learning for movement recognition
The different movement parameters do not fully characterise certain dance movements.
It is important to take into account the combination of a large number of parameters
in parallel to properly characterise a movement. For this purpose, automatic recognition
of motion or movement are appropriate. Such a solution requires the use of advanced
recognition algorithms, researched in subfield of artificial intelligence called ‘machine
learning’. This discipline is concerned with the design and development of algorithms
that allow computers to perform pattern recognition (e.g., voice, writing and gestures
recognition) based on databases.
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While several gesture recognition systems have been experimented for HCI or
surveillance, very few cases have been applied to dance. Among them, Dyaberi et al.
(2004) worked on choreographic structure recognition. Rajko et al. (2007) developed a
system for movement recognition that was used in dance context, but has not reported
any focus on movement qualities.
We used a system, called the gesture follower (GF), initially developed for
performing arts (Bevilacqua et al., 2010) to automatically recognise dance movements
that encompass different movement qualities. the GF is similar from a technical point
of view to the gesture recognition system previously cited: it is a generic recognition
system, that works with either spatial or temporal data and it is based on a class of
algorithms called hidden Markov models (HMM) [detailed in Rabiner (1989) tutorial].
In our work, we have customised the GF to recognise movement qualities. Technically,
we fed it with a combination of movement parameters corresponding to the movement
qualities.
For each movement, the procedure first requires to record a representative example.
In our recognition system, the GF is fed with the movement parameters and therefore
it records the matrix representing the concatenation of all the movement parameters
computed from the movement raw data. The computer system then builds a statistical
model, a Markov chain, which is used in a second phase to automatically recognise
the performed movement. The recognition task consists then in estimating how
much the performed movement parameters matrix are similar to the one of the
recorded movement. This estimation is called ‘the likelihood value’. Technically, the
recognition task compares each performed movement with each movement in the
original vocabulary and thus estimates as many ‘likelihood values’ as the number of
recorded movements. The highest ‘likelihood value’ determines which movement of the
original vocabulary is more likely to have been performed by the participant.
Note that this system can work only in a given context, corresponding to the
recorded movements. This means that it recognises the movements which qualities are
similar to those of the recorded ones.

5.4 Physical models-based visuals
Interfaces offering animation based on physical models have found a fertile ground
for experimentation in the fields of augmented reality and augmented performance
(AR and AP). The two main physical models widely present are fluid dynamics
and MSSs. Several recent interactive simulations of smoke, clouds, fire or even
computer-based painting interfaces are based on models inspired from fluid dynamics
such as Stam (1999). MSSs are also often used in AR and particularly systems
composed of a large number of masses and springs. For example, Momeni and
Henry (2006) explored various MSS topologies for audio-visual composition using
PMPD13 (specialised externals for designing MSS for pure data and Max/MSP/Jitter
environment). Also, Jacquemin (2008) designed ‘Allegra’, an instrument for video-based
graphical and sonic effects that offers complex data structure and a possible large
number of mass-springs. Note that, the large-scale MSS are very different from a
small-scale one in terms of perception and control. Actually, a large number of
mass-springs is perceived by the users as an extensible organic material. A small number
of mass-springs enables for an easier and an accurate targeted control by the user
gesture.
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We have implemented a virtual MSS, i.e., an ensemble of virtual masses linked
together by springs and moving accordingly. The novelty in our approach is that the
movements of the animated abstract visuals should have similar qualities to the dancer
movements.
Technically, each mass is controlled by the sum of the forces of the springs to which
it is connected. Note that the more interconnection there are between masses through
springs, the more the resulting behaviour of the system is hard to predict. Therefore, we
chose to work on a small number of mass-springs to be able to control precisely each
mass motion using the dancer’s gesture. This class of systems is referred to as physical
models, since the system is controlled by physics laws, where physical parameters such
as force, mass, elasticity and viscosity can be adjusted.
Intuitively, it seems possible to associate to these physical parameters some
descriptions of movement quality. Moreover, such a virtual physical model exhibits a
proper behaviour, that can change drastically depending on the values of its internal
parameters such as forces and elasticity, and external parameters such viscosity. The
basic idea of our visualisation is to let the participant movement qualities control the
elastic and viscous forces applied to the masses. Each parameters range will actually
produce different dynamics or behaviour, e.g., a mass rebounding or a mass evolving in
a viscous liquid. This control is detailed in Section 6.3.
We discern many commonalities between our system and Johnston et al. (2009)
virtual instrument ‘Partial Reflections 3’. Their instrument is also a mass-springs
physical model where the user’s (the musicians) gestures are mapped to control
the model’s forces. The simulated physical model is represented graphically but its
movements provide parameters for an additional sound feedback. Johnston et al. (2009)
visuals are displayed so that ”the user is more able to understand the state of the system
leading to an improved ability to control the instrument”. Thus, Johnston et al. (2009)
are interested in the impact of the physical model on the way the musicians make
music. Our visuals represent the user’s movement qualities to lead her/him to improve
them. And by improving her/his execution of the required qualities, she/he improves
her/his ability to control the visuals. The impact of the visuals on the dancers is what
we previously called the output component (see Section 3). This aspect of our system
is not presented in this paper but is one of the major perspective we are interested in.
As previously mentioned, we are planning a set of experience to analyse the perceptive
influence of the visuals over the dancers’ movements.
Importantly, our visuals are not meant to simulate a body or an avatar as it is
generally the case in works using motion capture. For instance, Hsieh and Luciani
(2005) work on synthesising dance movement on a skeleton with physical modelling
based on Newton’s Law(s) for assisting choreography. Their motivations to use physical
models are similar to ours, while our approach differs by focusing on movement
qualities synthesis instead of focusing on simulating a virtual dancing skeleton.
Moreover, our method, in contrast to Hsieh and Luciani (2005), implies movement
recognition algorithm to process an accurate control of visuals.
Nevertheless, researchers propose systems that share our interest in movement
quality or movement style. For example, Brand and Hertzmann (2000) synthesise the
stylistic motions by learning a set of different sequences of motion. Thus, by the learning
model, a new motion or a variation as an inter- or extra-polation of the existing styles
is possible. Our general approach of combining our graphical model with a movement
recognition system participates of a similar methodology.
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6 Case study: DS/DM
The workshop DS/DM is a training method that has been developed by EG|PC
since 1996. Throughout the years, this workshop has served as a daily basis for
transmission within the company. Specific words, sounds and movement directions are
used throughout the structure of the workshop, facilitating its transmission. The DS/DM
installation is an interactive version of the DS/DM workshop (shown in Figure 5). It
was initially developed for non-dancers and has evolved into a second version for dance
education. This second version called the ‘professional mode’ is a learning environment
that allows a broader understanding of the workshop. It is composed of different levels.
This paper presents as a case study the work we did for the the last level of the
‘professional mode’, called the ‘play and create’. In this level, the participant is free
to move using EG|PC movement qualities and to interact with physical models-based
visuals (in this case MSS).
Figure 5

DS/DM immersive environment

6.1 EG|PC movement qualities analysis
Emio Greco articulates the DS/DM workshop in four main components called breathing,
jumping, expanding and reducing. Each of these components is related to different
movement qualities or intentions. The choreographer transmits these components to
dancers using metaphors about the inner intention and the environment. The following
words are an example of the way in which the reducing component is verbally
transmitted in the workshop:
“From now on, you think that your body starts to reduce the length, you start
thinking that the air around you is getting thicker, so you have more resistance
when you want to open and stretch your body. This causes the reducing of length.
[...] Reduce even more, it is becoming very concrete for you this idea of thick air,
the consequence of this is that the shape of your body is determined by the shift
of the balance inside and at the same time of the resistance of the air outside, it is
thicker and thicker, make it smaller, smaller and stop and release.”

For Bermudez (2009), “this communicative process, which takes place by means of
verbal and non-verbal communication, embeds the essential information needed to
understand the artist’s work”.
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The glossary made by Bermudez and Fernandes (2010), with definitions, key words,
qualities and relations to body parts, is the result of the analysis of the transmission
of the different sections of the workshop. This glossary, while qualitative, served as a
basis for our interactive design. These descriptions allowed us to define the different
movement parameters to be used in the recognition and visualisation systems. The
next section summarises the glossary of Bermudez and Fernandes (2010) for the main
components of the DS/DM workshop, and how their movement qualities have been
transcribed to movement parameters in the interactive process of the installation. Videos
of the four main components of DS/DM are available on the web14 .

6.1.1 Breathing
During the breath in, the dancer expands progressively vertically by reaching the
maximum length of the body and during the breath out, she/he releases and comes back
to the starting position (see Baternieff descriptors: breath support).
The qualities of the breathing can be measured by estimating the verticality of
the dancer or in other words, the extension of the dancer’s body in the vertical plan
(see the Appendix).
The breathing is composed of three nuances: growing, ramification, and exploring.
The growing is the embodiment of the action of breathing through a gradual vertical
increase in length and extension of the whole body.
The ramification is a vertical breathing in and out where the arms possibly ramify
in the different directions. The exploring is an amplified ramification of the arms within
the kinesphere directions (see Section 4.1) and a possible torsion of the body bringing
it into different positions in the space.
Its qualities can be measured by estimating the extension of the dancer in the
different direction of the kinesphere as the maximum distance between the centre of
mass and the edges of the limbs (see the Appendix).

6.1.2 Jumping
During the jumping, the dancer drops the weight of the body into the feet letting it
rebound for a long time and creating a repetitive movement. The jumping is meant to
embody the metaphor of sensing the soft body.
The qualities of the jumping can be measured by estimating the periodicity of
the movement of the whole body. If the movement is periodic, its frequency can be
estimated (see the Appendix).
The jumping is composed of different nuances: gentle rebounding, shoulder
breathing, and breaking action. The gentle rebounding is a periodic rebound with a
constant release of the body weight. It requires the use of tiredness and the realisation
of different rhythms within the body parts. The shoulder breathing is a vertical
shoulder opening where the arm pits are aiming to open the body and develop a
sense of vulnerability. The shoulder breathing is a part of the jumping because it helps
re-installing the idea of breathing in and out within the jumping. Its qualities can be
measured by estimating the shoulder angle (see the Appendix). The breaking action
develops an erratic rebounding by allowing the creation of space and diverse rhythms
and accelerations within the body.
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6.1.3 Expanding
During the expanding, the dancer extends the space within the body, travels through the
space by opening the legs, understands shifting of weigh through the feet. He uses the
breathing in and out to expand and release. The expanding is distinct from the breathing
since it is an extension of the whole body (legs are opened) in the different directions
of the kinesphere rather than a vertical extension.
To distinguish them computationally, we estimate legs opening (see the Appendix).
We also estimate the maximal extension in the different directions of the kinesphere.
Finally, we compute the shifting of weight (see the Appendix) meaning the transfer of
the balance of the body centre from one foot to the other.
The expanding is composed of different nuances: the open boundaries, the transfer
of balance, and the articulated rhythm. The open boundaries is a further articulation
of the breathing where the body is forced to break its spatial boundaries. The transfer
of balance is a continuation of the expanding where the movement is sustained
and endless by shifting the balance (see Baternieff descriptors: weight transfer). The
articulated rhythm is a development of the expanding through the change of rhythm and
acceleration, creating new nuances and bringing the body further in length and space.

6.1.4 Reducing
During the reducing, the dancer creates a specific sustained and slow movement quality.
She/he understands measurement of time and experiences continuation and incorporation
of movement.
We can distinguish a reducing quality by a its very low energy. Since the quantity
of motion is a parameter that quantifies the energy of a movement, the reducing can
thus be distinguished by a low quantity of motion (see the Appendix).
The reducing is composed of different nuances: the thick air and the freeze.
The thick air is a mental state where the body needs to create and experience the
metaphorical quality of thick air within and around the movements reducing the length
that she/he previously created. Then the dancer freezes the shape and movement outside
the body while still experiencing its internal path.

6.2 EG|PC movement qualities recognition
For each movement, (in this case the 11 movements: growing, ramification, exploring,
gentle rebounding, shoulder breathing, breaking action, open boundaries, transfer of
balance, articulated rhythm, thick air and freeze) we record a representative example
in the GF. The GF is fed with the movement parameters, therefore it records the
matrix representing the concatenation of all the parameters together calculated for
every movement. The algorithm builds one Markov chain per recorded movement.
the resulting chains (in this case 11 Markov chains) are used in second phase for an
online recognition of performed movement qualities. The recognition task consists on
estimating and comparing the output ‘likelihood values’ of each Markov chain. Let us
recall that each ‘likelihood value’ estimate how much a performed movement is similar
to a recorded one represented by a Markov chain. The highest ’likelihood value’ is the
final output of the recognition process that helps determine which movement within the
original vocabulary is more likely to be performed by the participant. In this case, the
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movement recognition process informs the system of which DS/DM movement is being
performed so that the corresponding mapping strategy is adopted.

6.3 Computer-based dance movement synthesis
The idea of our dance movement synthesis is to let the participant control the elastic and
viscous forces of the MSS. The dancer’s movement can control, within a certain range,
the parameters of theses forces in order to reproduce the different DS/DM components
(see Figure 6).
Figure 6

A dancer executing DS/DM component in interaction with the physical model
visuals

6.3.1 The topology
We chose a MSS (see the Appendix) to generate the DS/DM components. Our MSS
is composed of four visible masses connected to each other with four visible springs
initially in a square shape (see Figure 7). The topology of our graphical system is a
2-layer topology: a reference and an active system.
The reference system has an equivalent in dance: the neutral position. This is when
the model is brought back to the square shape when the dancer is still. For this purpose,
the MSS is also composed of four fixed and invisible masses linked to the four visible
ones with four invisible springs (see Figure 8). By deactivating the forces of the visible
springs and activating the forces of the invisible ones, the visible masses can be brought
back to the reference system, i.e., to a neutral position meaning the initial square.
The active system is the topology enabling the four visible masses and springs to
adapt their behaviour to the movement quality that has been analysed from the dancer’s
movement as shown in Figure 6.
We designed the square reference topology as analog to a mirror conveying
additional movement qualities information. We believe that the comparison between

374

S. Fdili Alaoui et al.

the mirror and the mass-springs allow the participant to distinguish even better the
movement qualities of the physical model. As a matter of fact, the mirror is shape
oriented, and the mass-springs are movement qualities oriented.
Figure 7

The physical model-based visuals with four masses and four springs

Figure 8

The physical model-based visuals with the visible and invisible masses and springs

6.3.2 The mapping strategy
The movement recognition process informs the system of which DS/DM movement
is being performed. Depending on this, a specific mapping strategy is applied (see
Table 1). We designed as many mapping strategies as the number of components
in DS/DM (four strategies corresponding to the breathing, jumping, expanding, and
reducing). These mappings link the movement qualities composing the recognised
DS/DM component to the physical model forces. Note that the movement qualities of
each component are estimated by the movement parameters presented in Section 5.2.
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Table 1 The mapping between the movement parameters and the graphical model parameters
for each component of DS/DM workshop

Breathing
Jumping
Expanding

Thick air

Movement descriptor

Graphical parameter

Verticality
Quantity of motion
Periodicity
Quantity of motion
Quantity of motion
Legs opening
Quantity of motion
Quantity of motion
Shifting of weight

Extension
Viscosity
Spring constant
extension
Spring constant
Extension
Viscosity
Extension
Viscosity

If the recognition algorithm classifies the participant’s movement as breathing:
•

The horizontal spring constants are set to zero in order to have a similar vertical
movement as a breathing. The vertical spring constants are set to a very low value
so the movement is slow and progressive.

•

The extensions of the vertical springs alternate between two values related to
when the dancer is going up and down when breathing in and out (her/his
verticality is over and below a certain threshold).

•

The viscosity constant is opposite-scaled to the quantity of motion meaning that
when the movement of the dancer is energetic (high quantity of motion) the
viscosity is very low and vice versa.

If the recognition algorithm classifies the participant’s movement as jumping:
•

The horizontal springs constants are set to zero in order to have a vertical
movement. We attempted to map the dancer’s frequency to the one of the four
masses in order to have a similar periodical jumping dynamic. For this purpose
we used the proportional relation (see the Appendix) between the spring constant
and the square of the mass frequency. Thus the vertical springs constants are
scaled to the square value of the dancer’s frequency.

•

The extensions of the vertical springs are scaled to the quantity of motion. When
the movement is very energetic the extensions of the springs are higher and the
masses accelerate and widen.

•

The jumping does not evolve in a viscous environment. Thus the viscosity
constant is set to zero.

If the recognition algorithm classifies the participant’s movement as expanding
(the expanding movement is no longer vertical, it takes the space in the participant’s
kinesphere):
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•

The four springs constants are scaled to the quantity of motion. When the
movement is energetic (high quantity of motion) the springs constants are higher
and the masses are excited and more reactive.

•

The extensions of the four springs are scaled to the legs opening. When the
participant moves in the space and shifts her/his weight the masses accelerate and
widen. So the participant perceives that taking the space while moving excites the
system and makes it wider.

•

The viscosity constant is opposite-scaled to the quantity of motion.

The reducing and particularly the thick air metaphor can be understood as a dancer
evolving in a viscous environment. The reducing is the quality where the body shrinks
slowly evolving in a thick air environment. When the recognition algorithm classifies
the participant’s movement as reducing:
•

The extensions of all the springs are set to zero. This means that all the masses
move to shrink into a point where they merge.

•

The viscosity constant must be a high value. It is proportional to the inverse of
the quantity of motion to simulated a thick air environment that slows down the
movement of the masses.

When the participant freezes, her/his quantity of motion is very low:
•

The visible springs are deactivated (their spring constant is set to zero) and the
invisible springs activated with a very high spring constant to bring back the mass
into the initial square or what we called ‘reference system’ topology.

•

The viscosity constant is set with a high value so that the masses move slowly.

6.4 Insights gained for the design of DS/DM
DS/DM is the result of our close collaboration with a researcher and dancer (co-author
of this paper) of EG|PC Dance Company that have enriched the installation with her
ideas and feedback throughout the design and test process. More precisely, she had a
essential contribution through the choice of the recognition and mapping parameters.
Firstly, she performed the 11 movements that were recorded as a corpus of representative
examples in the GF recognition algorithm. For this purpose, we had several recording
sessions where the objective was to form a set of representative movements allowing for
an efficient recognition with a high tolerance for variability between dancers. In order to
perform these representative movements, she needed to understand the main parameters
representing the movements qualities that can be detected by the system and incorporate
them. Secondly, she participated in several test sessions where she helped us specify the
exact mapping between gesture and graphical parameters.
Moreover, the installation benefited from two weeks of daily work sessions
organised by EG|PC in Amsterdam. For these sessions, the dance professors and students
of the Amsterdam School of the Arts were invited to get involved in the design and
test process by giving their feedback on the installation. For example, the students
that tested the system gave us interesting feedbacks that allowed us to re-set our
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recognition or mapping parameters and strategies. These sessions also enabled us to
exchange ideas with other dance professionals and academics. Note that all of the
dance professors, professionals, academics and students were very enthusiastic about the
concept of recognising and visualising EG|PC movement qualities. Finally, the choice
of the square shape topology as opposed to the mirror metaphor was supported by the
dance professors and students.

7 Observations and evaluation
In many cases, human-computer dance interfaces challenge HCI evaluation techniques.
As for music interfaces, they have “creative and affective aspects, which means they
cannot be described as tasks for which completion rates can reliably be measured”
(Stowell et al., 2009). Moreover, the subject populations that can participate in the
evaluation of such interface are often small. For instance, it was difficult to recruit
professional dancer with a prior knowledge of EG|PC movement qualities. Therefore,
to “evaluate how the users integrate the system into the context of use” (Stowell et al.,
2009), we have chosen a qualitative method that can be applied to small sampled of
user tests.
In the following sections we present the experimental set-up, we then report on
the experimental sessions and present the methodology that we followed to analyse the
interviews. Finally we discuss the analytical conclusion that have been drawn.

7.1 The experimental set-up
The installation was opened to the public during a week residence in the Espaço
do tempo in Montemoro Portugal. Many visitors tested the physical model visuals
while learning Emio Greco’s vocabulary. For the evaluation, we recruited four dancers
(P1, P2, P3 and P4) present during the week residence, all female and aged 20 to 35.
Their dance experience exceeded ten years. Their use of technology for dance ranged
from minimal to a major experience and development of interactive installation for
dance. All four dancers were asked to test in solo the system by experiencing the
physical model visuals. There was no audience during the experiment. The installation
was built in the centre of a small and dark room. During the experiment, the dancer
was inside the installation space and the investigator was sitting behind her and
was videotaping the session. Figure 6 represents the dancer P1 executing DS/DM
components while experiencing the interaction with the physical model visuals.
First the participant were asked to go through an experimental session and then a
semi-structured interview session. Both the experimental and the interview sessions were
videotaped. Our evaluation analyses the video recordings from both sessions. A video
of an experimental session executed by the dancer P2 is available on the web15 .
During the experimental sessions, the dancers were asked to enter the installation
space and experience the system. While they were moving, the interactive visuals were
projected on the screen in front of them.They could stay in the installation space as
long as they wished with the task of dancing using DS/DM movement qualities. They
spent from two to ten minutes in the installation space. They had to improvise while
incorporating DS/DM components and pay attention to the visuals. For this purpose they
needed to have a prior knowledge of DS/DM components.
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The dancer P2 (co-author of this paper) has been involved in the previous weekly
work sessions on the installation (see Section 6.4). She took part in this experiment and
gave her feedback as an expert of EG|PC (as a former major performer of the company).
Therefore, she was able to try out the interface freely and without guidance. The other
three dancers were moderately familiar with the EG|PC vocabulary and the DS/DM
workshop. They needed a guided exploration of the installation. Therefore, they watched
excerpts of Emio Greco’s DS/DM videos containing explanations and they experienced,
as a prerequisite, the previous mode of the installation designed as an introduction to
DS/DM.
A posteriori, during the interview sessions, the dancers were asked specific questions
about the visuals. However, our semi-structured interview was flexible, allowing the
dancers to come up with new questions or comments. On average, the interview sessions
lasted three minutes. To conduct our interview session, we designed a questionnaire that
gave important clues to answer the following question: What is the dancers perception
of the interaction with physical model visuals based on their movement qualities? This
question can be separated in different topics:
1

Are the dancers aware of the interaction? For this purpose, we asked them if they
thought that the system reacted to their movement and if they reacted to the
system.

2

Do the dancers perceive that the visuals are displaying the DS/DM components
they are performing? Do the visuals generate movements with similar qualities
than the participant in the installation? For this purpose, we asked them if they
perceived DS/DM components in the visuals’ dynamics.

7.2 Report on the experimental sessions
The video recordings of the experimental sessions show that the time spent in the
installation differs between one dancer and another. P1 spent over ten minutes, P2
over two minutes, P3 over four minutes and P4 over two minutes in the installation.
First, to understand the interaction, all of them started their performances by alternating
between continuous movements and still positions. The visuals were responding clearly
by alternating between their various behaviours and the neutral position (square shape).
Other than that, they adopted different strategies when they were experimenting the
installation.
P1 and P4 explored the response of the visuals to each component independently.
P1 took over one minute to repeat each component while P4 was much shorter. They
both accentuated their movement as long as they were not satisfied with the visuals’
behaviour. Once they got the expected reaction, they memorised their qualities and
switched to the next component. In addition, P1 ended her performance by playing with
the system and inventing a complete dance sequence encompassing the four components
and their qualities that the visuals detected systematically.
P3 strategy was to repeat a sequence of the four components three times. The more
she repeated the sequence the more her movements were fluid and continuous and the
more she perceived the graphical responses.
P2 performance was more brief but effective. Due to the fact that she excellently
and confidently performed EG|PC components, the visuals detected all of them
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with absolutely no confusion and responded to them immediately. Her two minutes
performance was shaped in a dance sequence incorporating all the existing nuances
of the components. In her dance sequence she also explored the visuals transitions
corresponding to her movement transitions between components.
Unlike dancer P2, dancers P1, P3 and P4 expressed some hesitations particularly
at the beginning of their performance. For example, P1 did not seem to understand
the visuals’ response at the beginning. Therefore she asked while dancing: Do I have
to follow it or should it follow me?. She answered immediately her own question
Ah! It’s interaction!. P4 started performing slow and hesitant movements which became
increasingly assured throughout the experimental session. P3 performed small-scale,
slow, low energy and hesitant movements all along her session. Therefore, the visuals
either responded to her with small-scale movements, or a reduced behaviour or did not
respond at all.
After they experimented the four components, P1, P2 and P4 performed new
movements that were not in the interaction scope. They were trying to trap the system.
For example, P1 performed rotations, hand and body bouncing, walks, runs, hops and
stops. She alternated between frontal and lateral, right and left, near and far and finally
ground and standing spacial positioning but she soon realised that the camera was 2D
and could only capture her front and standing movements. P4 performed additional
classical dance movement such as ‘arabesque’ or ‘jet’ but the visuals did not respond to
it. She bounced her body from right to left and the visuals reacted with an expanding
behaviour. P2 performed a repetitive movement similar to a jumping and involving
her right arm only but she soon noticed that the system was not trapped because it
detected her repetitive movement and actually associated it to a jumping behaviour. She
expressed her satisfaction when leaving the installation with a thumb up.

7.3 Analysis of the interviews
The analysis methodology of the video recordings of the interview sessions consists on
the following steps:
1

The transcription of the recorded videos of the interviews using a standard style of
notation which includes all speech events such as repetitions, pauses, hesitations
and laughs.

2

The decomposition of the corpus in transcribed units. This segmentation is
processed by extracting units delimited with punctuation signs or pauses.

3

The objectification of the transcribed units or in other words, the extraction of the
main object that is referred to. Pronouns such as ‘it’ are resolved, using the
participant’s own terminology. For every object, a description is extracted from
the speech unit. Then the most commonly-occurring ideas carried out in the
descriptions will be identified to form a category.

4

The extraction of categories from the transcribed data. Related categories are
grouped in a set of minimal but sufficient dimensions to describe the analytical
units.

5

The coding consists on characterising each analytical unit with one category from
at least one dimension.
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Because the test population is small, our analysis approach focuses more on
collecting a repertoire of answers. Thus, in this case a statistical analysis and
interpretation seems inappropriate to draw general conclusions. Instead, we will
discuss the result of the testings by drawing comparisons between the participants.

The next section discusses analytical conclusions based on the video recordings of
the interview sessions reporting the feedbacks of the group of participants previously
described. However, the video recordings of the experimental sessions provided
additional elements for the interpretation of the participants’ feedback. Note that the
transcription and analysis of the recorded videos of the interviews are available on the
following link16 .

7.4 Interpretation of the participants’ feedbacks
7.4.1 The interactive dimension
All the dancers considered that the visuals actually responded to their movement. This
aspect is what we previously called the input component (see Section 3). Thus, the
input component is clearly perceived by all the participants that have experimented the
system. They answered to the question: “Do you think the object interacts with you?”
(the word ‘object’ refers to the visuals displayed) as follow:
•

P1: Yes, I think.

•

P2: Yes, completely. yeah, yes.

•

P3: I definitely noticed there is a dialogue with the object on the screen.

•

P4: Yes, I thought it was interactive, because I felt that it was following me,
I mean it had kind of my energy.

About the output component, dancer P3 refuted this aspect of the system and argued
that the system had no influence over her: If it would influence me? em, no because I
had the impression that I was the actor and than it would do something. I was actually
influencing the object. The dancer P1 thought that additionally to the fact that the visuals
were a response (input component), her own movements were probably influenced by
the visuals (output component): Sometimes I am in doubt, em how much the object is
following me or if I should follow the object, sometimes I’m not sure.
Actually, in the recorded videos, one can clearly notice that all the participants’
movements where somehow influenced by the visuals. Because they all perceived the
system as a response to them, they all played a game with it, responding to it, exploring
all the possible responses to the different qualities they embodied, and even trying
sometimes to find its limits.

7.4.2 The representative dimension
Do the dancers perceive that the visuals are representing the DS/DM components that
they are performing?
All of the participants perceived somehow the four main DS/DM components in the
visuals: breathing, jumping, expanding, and reducing.
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•

P1 distinguished the four components of DS/DM in the graphical behaviour but
was unable to remember the breathing unlike the tree other components: usually
with the jumping, the balance, I could see this rhythm and I, em, I felt it more
interactive[...] I perceived the expanding and the reducing, and this kind of
position [sign with the hand representing a breathing].

•

P2 distinguished clearly the four components. Because of her expertise in EG|PC
vocabulary, she executed the movement qualities in such an exactitude that the
system always responded correctly and clearly to her. She answer this question
with an ironic laugh meaning that she obviously perceived the four components.

•

P3 perceived the expanding and the reducing as the most clearly represented
component but was not able to remember them easily: If I’m stretching it’s
stretches too, like the dimensions of the objects change[...] And If I’m [sign of
hand meaning reducing the body] [...] reducing [...] my body, my movement, it’s
reducing too.

•

P4 perceived the jumping as the most clearly represented component: when I
started em jumping and going from a side to the other you can see the different
dynamic from the first when it was just breathing in, breathing out. So it was
going more slow.

The dancers that were moderately familiar with EG|PC vocabulary perceived surprising
relationships between their movement and the visuals. For example, dancer P1 perceived
turning dynamics in the visuals in response to hers. Dancers P3 and P4 perceived
a direct relationship between their energy and the visuals’. Dancer P3 understood
the interaction as a response or a projection of her energy on the screen: I had the
impression that I projected everything I do on it and it adapts to my speed or to the
dimension of my movement [...] I thought it was interesting, it’s as if I was able to
manipulate what I see on the screen. That was interesting for me and sometimes if
it wouldn’t react immediately the way I was moving or changing my movement [hand
movement referring to the breathing] I was wondering how comes, why isn’t it not doing
the same, why isn’t it stretching too but then eventually it would. So that was interesting.
Dancer P4 understood the interaction in a way that the visuals were interactive only
when her movement was energetic: It was following my movement when it was more
intense, let say, when it was more dynamic, it it had my energy. Interestingly, she
distinguished the visuals from a mirror because she qualified it as alive.
The dancer P2 who had mastered EG|PC vocabulary had a very accurate reading of
the interaction. She reported that the visuals were focusing on the different dynamics
of movement. It behaves differently giving a meaning to the different dynamics of the
movement quality. The representative dimension of the system was very obvious for
her: This object is not informing me on how the system looks at me but it’s actually
a response on my action. So it is a visual representation of what I do. These answers
reveal that the more the participant have a deep knowledge of EG|PC vocabulary the
more their interpretation of the interaction with the visuals is relevant. Of course, the
increasing legibility might probably result from the fact that the system responds better
to the participants that masters the required movement qualities.
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7.4.3 The attentional dimension
Dancer P1 reported that the visuals averted her attention. She took the initiative to
mention this point during the interviews saying: I think I was so fixed with the front,
and sometime I wanted to turn [laugh] and to see it [pronoun ‘it’ refers to the visuals]
around me. By analysis the videos of the experiment, one can notice that at some
moments, some of the participants danced forgetting about the projected visuals. In this
case, they clearly did not respond to them. This attentional dimension is very important
and deserves to be further explored to figure out to what extent the projection distracts
the participant from dancing.
Whilst, it is difficult to infer general conclusions out of this qualitative assessment,
the participants’ feedbacks reveal, as we intended, that our system clearly interacts with
them and generates DS/DM components that reflect their movement qualities.

8 Conclusions and perspectives
We reported on a interactive system in which physical model visuals are displayed in
response to a dancer movement. The novelty in our approach is that our system analyses
and synthesises movement qualities, i.e., descriptions on how movements are performed.
It captures movements through a single infra-red camera and then extracts movement
parameters that characterise predefined movement qualities. These parameters are fed
to a movement recognition algorithm. Depending on what movement the algorithm
recognises, a corresponding mapping strategy is adopted to control the physical model
forces and thus the visuals behaviours in relation to the dancer’s movement qualities.
More specifically, the displayed visuals are composed of an ensemble of virtual masses
linked together with springs whose elasticity and viscosity forces are controlled by
the dancer. Thus, our approach proposes to associate these physical forces with some
descriptions of movement quality.
From a technical point of view, the system was successfully implemented in an
interactive installation of a dance company, and tested with dancers during a first
week of residency in Portugal and a second week residency in the Netherlands. The
results of these tests, suggest that the dancers can embrace the interaction with physical
model-based visuals. It also reveals that our system is generating movement qualities
that reflect the dancers’ own qualities. Moreover, we believe that our approach needs
to be specified to each dance vocabulary as long as the movement parameters and
the mapping strategies are customised with respect to a specific dance glossary. Note
that our graphical system could directly afford more complex structures such as large
number of masses and springs. We aim to address such complex structures in addition
to different physical models such as fluid dynamics models. We plan to experiment with
such complex graphical model, as well as other types of motion capture and movement
recognition technologies.
By displaying visuals that represent the user’s movement qualities, our system aims
to bring the dancer to improve her/his execution of those qualities. This is a new
approach for dance pedagogy where new media could enhance the learning process
of dancers. For this reason, the installation has been welcomed by dance pedagogy
professionals. Concrete pedagogical applications are planned to be used by students in
the dance department of the Amsterdam School of the Arts, and to be permanently part
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of their dance curriculum starting from 2011. We will design a larger scale experiment
to collect feedback and systematically evaluate the physical model visuals. This will
help us to answer further questions on the pedagogical use of the physical model visuals
on both dancers and non-dancers. Precisely, an interesting perspective is to evaluate the
learning process necessary for a dancer to master a dance vocabulary thanks to such
interactive physical model visuals and depending on their previous dance knowledge.
Beyond dance pedagogy, we believe that our approach could be applied to a range
of different interfaces and constitute a rich contribution to the design of innovative
HCIs. Our research can be applied to create non-task-oriented interaction techniques.
For example, movement qualities coming from modern dance can be an additional
dimension of the input gesture that extends the interaction experience in HCI. Thus
it would allow for the enhancement of the user’s experience through the use of
natural movements in interfaces. Moreover, movement recognition algorithm can be
customised to recognise movements of different vocabularies. It permits to easily set
the interactions parameters according to the different movement vocabularies. Finally,
displaying physical model visuals can impact positively the ease of use of such
movement quality-based interface.
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Appendix
Movement parameters in DS/DM installation
Spatial parameters
1

Verticality: It is calculated as the ratio of the width by the hight of the silhouette.
A high value indicates somebody in vertical extension.

2

Shoulder angle: It is computed as the angle separating the axe of the arm from
the vertical axe of the body.

3

Extension: It is calculated as the maximum distance between the centre of mass
and the edges of the limbs.

4

Legs opening: it is calculated as the width between the position of the two feet.

5

Shifting of weight: It is calculated as the distance between the abscise of the
centre of mass to the abscise of the centre of the feet.

Temporal parameters
1

Periodicity and frequency: The periodicity (P) is computed as the mean of the
coefficient of auto-correlation on each extremity of the four sub bounding boxes.
The statistical auto-correlation is the correlation between a signal and his values at
different points in time. So when a signal (a movement for us) is periodic this
correlation is high. In this case, it is possible to estimate the frequency F of the
repetition.

2

Increase/decrease: These parameters describe if spatial parameters [e.g., the
shoulder’s angle (SA)] are increasing or decreasing over time. Furthermore, the
rate of change between the increase and decrease can also be quantified.

3

Quantity of motion: The quantity of motion is the variation of the pixels intensity
representing the silhouette of the participant during time. It can be seen as the
amount of detection of motion in time (Camurri et al., 2004).

The MSSs
A mass-spring system is a network were duos of masses can be linked together with a
spring of a certain elasticity. The spring applies an elasticity force on each of the masses
following Hook’s Law. Hook’s Law states that the elasticity force is proportional to the
spring constant and to the load added to the spring (as long as this load does not exceed
the elastic limit):
−
→
F ela (x(t)) = K(x(t) − x(0))
→
−
−
→
L
F ela (x(t)) = K(|L| − L0 ).( |L|
)

(1)

taking k as the spring constant, |L| − L0 as the load added to the spring, since L0 is the
→
−
length of the spring in its equilibrium, and L is its the current length (see Figure A1).
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Hook’s Law on one mass and one spring

Using Hook’s Law, the proportional relation between the square frequency of the mass
k
motion f 2 and the spring constant k is: m
= 4π 2 f 2 .

The viscosity force
−−→
→
−
F vis (x(t)) = −ν v(t)

(2)

Tacking v(t) as the speed of the mass at time t that can be calculated with the position
of the mass in t and t − δt:
x(t) − x(t − δt)
→
−
v (t) =
δt

(3)

The Euler second order integration method
−
→
→
−
′′

x (t) = F (x(t))
−
→
→
x (0) = −
x ini

−
→
→
→
→
x (t + δt) = −
x (t) + −
v (t)δt + −
a (t)δt2
−
→
→
With Newton’s Law of motion m.−
a (t) = F (x(t)) we obtain:
→
−
x (t + δt) = 2x(t) − x(t − δt) +

(−−→ −−→)
Fela + Fvis (x(t)).δt2
m

(4)

This equation governs the movement of each mass from t and t − 1 to t + 1 depending
on the forces of elasticity and viscosity.

