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This document reports on a Short-term Research Fellowslkiyg AHRC Research
Centre for Cross Cultural Music & Dance Performance at tht®o8lkcof Oriental and
African Studies, University of London, UK. The fellowshia#a 3-week appointment,
from May 3rd to May 23rd, 2006.

The agenda for the fellowship was to investigate the felitsiloif an experimental
study of the interaction between music and movement. Thenyidg intuition is
that many yet-unexplained aspects of music perceptiorcpation, phrase grouping,
intensity, “groove”, emotion...) result from an embodiediqeptive process constrained
by physical laws of motion and motor control.

The residency at SOAS was the opportunity to design a setpsrarents which
explored a rst aspect of this research. We used a motiorucastystem to study how
aspects of musical performance such as accentuation aageptitythm, in uence the
timing and quality of an associated dance performance.

This document rst reviews a variety of research questitwas tan be investigated
in this context. We then give a detailed account of the expenis conducted during
the fellowship. We nally comment brie y on the analysis dfé collected data (which
remains to be done at the date of this report), as well as patelissemination upon
completion of the study.

1 Research questions

1.1 The secret art of being a good dance musician

The starting point for this research comes from our repeatestrvation as a folk
musician that there is some kind of “secret art of being a giemte musician”, and
that this capacity is very dif cult to teach and discussaatilly. Some music can be
pleasing to listen to and unpleasing to dance to, and rezétiyo

We illustrate this aspect here in the context of taater drq a traditional dance
from the Vannes area, on the South coast of Brittany, Fraitoe.dance is a circle (or
open circle) dance with a simple stepping pattern movingksigse throughout:

1. step left
2. right foot closes to left
3. step left
4. step right

following the repeated rhythmuaver - quaver - crotchet - crotchet

Interestingly, the typical musical accompaniment for theter dro does not sim-
ply instantiates the stepping rhythm, but rather the phretated in Figure 1. It is
therefore interesting, in an evolutionary perspectiveagk why this musical form has
stabilized to such non- trivial rhythm, and notably whetties is a consequence of its
functionality, i.e. its suitability for movement. Moreayehis archetypal form seems
to be systematically preferred over other possible hardeadcompaniments, such as



Figure 1: The typical musical phrase accompanyinghidueter drosuperimposed with
the corresponding stepping pattern
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Figure 2: Other possible accompaniments oftihater drostepping pattern, to which
the phrase in Figure 1 is nevertheless systematically pesfe

the ones found in Figufe 2. Dancers clearly express theiteotment with a given
performance, and this seems to relate to an experienceisfaséibn while dancing.

There is very little understanding about how such dancetraings are expressed
in musical parameters. Possible speci ¢ questions are :
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How increasing degrees of syncopations affect the danciogq a note played
a little late lead to a dance gesture which is also late ? Whta'sime scale of
that kind of synchronization ? A few milliseconds probably)

How musical variations (in amplitude, harmony, etc.) innoe gesture inten-
sity (movement amplitude, foot pressure on oor). Is therdir@ct mapping,
common performance rules, or interaction patterns (imitabpposition, etc.) ?

How accentuation and phrase rhythm in uences the perceptionetrical struc-
ture (grouping of the gestures, change of movement tempo)

When does a waltz become a mazurka ? When does a scottish beamoaresro
(a 2/4 Breton chain dance) ?

Are there musical patterns that make you want to turn, totwjump ? Or that
make these things more dif cult ?



2 What are the patterns of variations for an expressive pedno@meant for danc-
ing ? how do they differ from expressive performances meariidtening ?

The underlying, more general question is to understand hagiarevolves from
the constraints of some of its functionalities (social, §ibgl). These questions are not
speci ¢ to folk music. In[12], music theorist Eric McKee sti@s Chopin's mazurkas,
and notably how the physical activity of dancing shapes adrchines aspects of the
music (what the dancers need from the music in order to dandehaw the com-
poser/performer ful lls this need). Writes McKee, “As a dell in several Scottish
country dance bands since 1979, | quickly learned that peify a dance tune with-
out detailed knowledge of the choreography of the dance esuitrin a skewed inter-
pretation of the music”. To educate himself, McKee studiegi¢horeographies of the
mazurka and the polonaise under the tutelage of Penn State gaofessor Elizabeth
Hanley (quoting from [6]). As reported in [1], Beethoven BisaA.B. Marx studies in
[11] how a well-known waltz from Weber's Der Freischtz reteevery aspect of the
dance: its melody, rhythm, dynamic accents, and so on.

1.2 How do dancers attend to music

The above musical question doubles as a cognitive one, gamdkrstanding how a
given motor activity (e.g. dancing) in uences the way wegave music, and how
this differs from “*standard” everyday listening. (if suatihing only exists). Notably,
the question of how dancers assign saliency to musical V&t puzzling one. The
gestures of expert dancers often exhibit extremely aceuwratrespondence to music
(precise timing variations, different interpretationswétrical structures based on vari-
ations of the phrase rhythm, etc.) even though they seldom &ay formal musical
training.

Similar questions, in the different context of expert misis, were addressed e.g.
by [16] in which retrieval cues, i.e. musical events in a sassed as anchor points to
help memorizing a given piece, were found to be aligned witisical boundaries as
predicted by music theory.

1.3 Music Perception as an embodied process

The study of how musical parameters such as syncopationfteat movements in
the context of dancing is a rst experimental step to underdthow embodiment and
physical constraints in uence the perception of music. % fgudies so far (see e.g.
[9]) have investigated how throductionof music is affected by physical laws, such as
inertia, but none have considered musé&ception Our main hypothesis is that many
yet-unexplained aspects of music perception (syncopgpiorase grouping, intensity,
“groove”, emotion...) result from an embodied perceptivecess which can only be
elucidated with motor control models. Key to this perspecis the notion that human
knowledge is embodied knowledge, in the sense that inféomabout the body is part
and parcel of the concepts through which we organize ourrstateling of the world.
These notions have found recent support in the work e.g. eoplychologist Merlin
Donald [8] and the neurophysiologist Antonio Damasio [7].



The importance of embodiment in auditory perception has byeeently estab-
lished for speech perception, with works notably pioneéneglony CSL by Oudeyer
in [13] who demonstrated that the coupling between prodacind perception, under
the physical constraints of the vocal apparatus, coulda@xphe phoneme segregation
observed in natural languages. Embodied models of visueép#on also shed lights
on visual attention. Moreover, recent neurological redegel]) increasingly supports
the idea that motor faculties of the brain are involved in tkasd of perception and
cognition, and that there is an incessant simulation anéfi@ctment” in our minds
of what we perceived. Curiously, very little work so far hash concerned with the
embodied perception of music. This may be explained by difies which are both
representational (musical signals are more complex toyaeghan speech signals)
and experimental (it is dif cult to have observable and whircible insights into music
perception).

Successful models of embodied music perception would ereatpotential
paradigm shift in music cognition, and open the way for newaratandings of the
dynamic interactions of the brain with the environment aiged with bodily behav-
iors.

1.4 Interaction technologies

On the practical side, models of the interaction betweenienaisd movement can
nd applications in entertainment technologies such ageidames (e.g. EyeToy on
Sony Playstation - Figure 3), music metadata extractiomd”’me danceable music
for tomorrow night's birthday party”) but also music eduoat (see e.g. Dalcroze
Eurhythmics approach to music learning through rhythmie@neent) or therapy.

-

Figure 3: Dance Dance Revolution, a Konami game on SONY Riiga 2, which
requires the player to dance on music, and monitors the ipeaiuce via video capture.
Models of movement and music synchronisation may open ugvative interaction
modes for such games.

Finally, an exciting prospect is also to investigate thelanpentation of successful
models in real robotic environments, in the spirit e.g. oflkwdone in the Computer
Vision Lab of Prof. Ikeuchi at the University of Tokyo, Japaith Aizu-bandaisan folk



dance([14] or the dancing humanoid developed at Tohoku lmityeJapaE (Figure
4).

Figure 4: MS DanceR, a robot dancer developed at Tohoku hifyeJapan, able to
realize compliant physical interaction with a human dancer

2 Experiments

2.1 Apparatus

The proposed experimental framework to study the aboveiguess to use computer-
generated music (MIDI), where timing and intensity can beticled to the millisec-
ond. The music is played to subjects who are asked to perfaonrasponding dance.
The dancers' movements are simultaneously recorded witlotion capturesystem,
which is precise to tens of milliseconds for time, and to thiinmeter for space.

Motion capture (mocap) is a technique to record movemegitatly. Mocap sys-
tems typically triangulate the 3D position of a set of maskbetween one or more
cameras calibrated to provide overlapping projectiongufé 5). A motion capture
session records only the movements of a subject (a trajeofdsody points in a 3D
space), not his visual appearance [15].

For the experiments, we used a Vicon motion capture systetimeafiugmented
Human Interaction Lab, Department of Computer Science,eQudary University

Ihttp://iwww.irs.mech.tohoku.ac.jp/research/RobotRaftiance.html



Figure 5: The motion capture system in the dept. of Computer$e at Queen Mary
University of London, used in the experiments. Photo Cse@ue Dickinson

of London, UK, kindly made available on May 17th, 2006 by Dt Pheale?, and
operated by Jean-Baptiste Thielaut

2.2 Stimuli

We preparéizm different stimuli, based on variations on a traditionaitea dro melody
(“Jolie coeur de rose”), notated @4 in Figurel 6. Each stimuli is composed of a
repeated phrase, with continuous variations of some miysizameter (for instance,
increasing amounts of syncopation on a given note). Eachsphcorresponding to
a new parameter value is repeated for 4 cycles, so that ¢ensend non-transitory
motor behaviours can be observed.

2 Subdivision of the 2nd and 3rd bars: The second and thirddfdine base phrase
correspond each to a long suspended step, each accompanied brotchet
notes. We derive variations of this phrase by manipulatiegiumber of musical
subdivision of these steps: 2 crotchet, 3 triplets, 4 quaverc. (see Figure
[7). The score of the complete stimuli used in the experimeats be found

2http://www.dcs.qmul.ac.uk/ph/

Shttp://www.dcs.qmul.ac.uk/jbt/

4The four stimuli were prepared and rendered using harmongssgi (http:/www.myriad-
online.com). The staff-notated illustration for this repavere prepared with Guido Noteviewer
(http://www.noteserver.org/)
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Figure 6: The base phrase of traditional hanter dro “Jolieucale rose”, used as a
basis for experimentation.

in Appendix B. A possible hypothesis for the role of subdirg steps is to
increase the precision of counting duration for the dancengs could be tested
by measuring the regularity of step duration from the motiapture data.
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Figure 7: Example of increased musical subdivision of thglsteps on the second
and third bars of the hanter dro phrase: here 4 quavers thefdae 2 crotchets used
in the base phrase.

2 Syncopated anticipation on 2nd bar: A second stimuli exgddhe in uence of
syncopation on a musical onset aligned with a step. We gensuacessive vari-
ations on the base phrase by anticipating the rst beat of#w®nd bar, which
corresponds to the rst long step in the hanter dro step patfEhe correspond-
ing note is played early, as illustrated in Figure 8, by iasiag amounts of a
tenth of quaver's duration, until the note collapses in® pheceding note. The
underlying question is how dancers accommodate this ulcggeiming, and
what is the time frame of a potential synchronisation of ttegp <o the antici-
pated musical onset. This can be tested by measuring thetmerence of the
associated step from the motion capture data.
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Figure 8: Example of anticipated rst note of the second Hahe hanter dro phrase.

2 Syncopated delay on 2nd bar: A typical musical ornament efttase phrase
is to syncopate the second crotchet of the second bar, asrdltad in Figure
[9. This syncopated note does not correspond to a step, pptdrthe previous
case. We investigate whether this timing modi cation hag anpact on the
associated dance performance, and how this evolves witbdaing amounts of
delay (again, by successive increments of a tenth of qusadearation).

2 Variations on 1st bar: The base phrase used for hanter doorgraniment usu-
ally prefers to use arotchet quaver-quavethythm in the rst bar of the cycle.
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Figure 9: Example of delayed crotchet in the second bar ofittmer dro phrase.

It is interesting to investigate whether this trend is bamednotor/dance factors,
and whether competing rhythmic solutions have a differgogsibly worse, suit-
ability for the performed step pattern. We designed a siithat cycles through
four of such rhythms (labeled frod to D in Figure 10).
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Figure 10: Four possible rhythms for the rst bar of the hadte cycle, corresponding
to two short steps on a crotchet - crotchet rhythm.

2.3 Methodological issues

The experiments were ran on Wed. May 17th, 2006 at Queen Maiyetsity of
London, with two subjects (Figure 11). Both subjects wengegkdancers (workshop
instructors) for the Breton repertoire. Each subject toak ;n 4 sessions, one per
test stimuli, plus extra time for setting up the system fralion, etc.) and debrie ng,
which amounted to about 2 hours.

Figure 11: Experimentation sessions at Queen Mary Uniyeddi London. Photo
Credits: Sue Dickinson



One of our goals was to investigate the technical feasibilitsuch experimenta-
tion. We report here on a number of methodological and techigsues we ran into
during the session.

2 Synchronisation between audio and video: The mocap systaitable for the
experimentation did not allow for simple synchronisaticetvireen the audio
played to the dancers and the motion data recorded. The teanss (music
and dance) need to be aligned for any analysis made a post@iwe solution
we found for this is to record the audio back into the compuated make a video
and audio clap (Figure 12) at the beginning of each sessioe.séund onset of
the clap in the audio track can then be aligned to the videetmfghe clap.

Figure 12: Audio-visual clap at the beginning of a recordss®y used for synchroni-
sation. Photo Credits: Sue Dickinson

2 De nition of the task: By conducting debrie ng discussiowith the participants
(Figure[ 13), we found that the subjects had problems urafaistg the exact
task they were asked. Notably, it was intuited that the idstate of mind” was
to dance without too much self-awareness. Dancers shodd@ped) adapt to
the music, without yet paying too much attention to the it,tnpto adapt consci-
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entiously to music variations, etc. This turned out to be etimmes problematic,
and would need more clari cation for further experimergas.

Figure 13: Debrie ng discussion after a session. Photo iB3e8ue Dickinson

2 Garments: The motion capture system we used requires tigcstdowear spe-
cial non-re ective garments that can be superimposed toabclothing. These
can make dancing dif cult. Markers are typically taped t@ tharments, and
can be ripped away in the course of some gestures. Markethddeet were
positioned on special socks which sometimes also came ofridbipn on the
carpeted oor (Figure 14). A possibility for further experénts would be to t
a temporary wooden oor, which would ensure better danciogditions and
prevent such “lost marker” problems.

Figure 14: Foot markers are positioned on special sockghwirioved unpractical for
dancing due to the carpeted oor. Photo Credits: Sue Diakins

2 Consent: Prior to the experiments, subjects were askeddtard sign a consent

form, in accordance with the ethics code of conduct of thédriPsychological
Society. The form is reproduced in Appendix A.
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3 Results and Exploitation

3.1 Data analysis

At the date of this report, we haven't yet conducted a deladlralysis of the col-
lected data. Figure 15 shows a typical recording of the hdrdestep pattern, with
the vertical position of two markers on each foot of a subjéidte periodic pattern
short-short-long-long appears clearly, as well as a number of more precise
behaviours, such as non monotonic raise of the foot duriegtispensions correspond-
ing to the long step.

— left foot

—— right foot
100 left toes -
right toes

/ | | Vol \
-20 N (VaYay; ~J L S0

I I I I I I I I I
850 900 950 1000 1050 1100 1150 1200 1250

Figure 15: Typical motion data for the hanterdro step paftehowing the vertical
position of two markers on each foot of a subject.

The precise analysis of this data, notably its synchroioisab the music, will
likely require the development of dedicated software toslgh as the ones proposed
in [10].

3.2 Potential Dissemination

There are a number of research communities to which this/styzbn completion,
could be communicated. Experimental methodology as welésslts on timing and
synchronisation can be disseminated via the Experimestait®logy literature. Any
conclusion on the in uence of dance on music perception @prbsented e.g. to Mu-
sic Perception journals, as well as dance studies, and arggawmber of conferences
concerned with “music and gestures”. Views on how music artd co-evolve un-
der functionality constraints, namely physical ones, igwtd#rest for ethnomusicology
research, in the tradition of recognized works by John Bieg{k] and John Baily[3] .
The speci ¢ object of study (folk dance and music) offers ogipnities to reach the
ethnomusicology community, as well as a non-academic camtynof dance and mu-
sic practitioners. The possibility was mentioned in disioiss at SOAS to organize a
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multi-cultural symposium with dance/music instructorga&ging in cross-modal teach-
ing, e.g. teach a dance by just playing a drum part of the sparding music, etc.

Computational models of embodiment phenomena, shouldkbegxhibited em-
pirically, would be natural contributions to Arti cial llligence or Arti cial Life
research[2].
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A Appendix: Consent form used in experiments

Consent form: Research on Music and Dance Cognition

Please consider this information carefully before degjdimether or not to participate
in this research.

Purpose of the research:
To examine the in uence of musical variations on an assediatance performance,
and learn more about how dancers listen to music while dgncin

What you will do in this research:

You will be asked to perform a speci c folk dance (hanterdom) various types of
musical stimuli. There will be between 3 and 5 dance sessiash followed by a
short pause for rest. While you are performing this task, ydub& monitored by a
motion capture system, which will record the spatial posiiof various points of your
body at regular time intervals. To this aim, you will be askedvear special motion
capture garments on which special markers are positionedrivi) these garments do
not require that you change clothes. For the purpose of thergwrent, you will also
be Imed during each of the dancing sessions with a standialebvcamera. After the
task is completed, you will be asked to participate in a simberview on what is your
experience in music listening while dancing.

Time required:
Participation will take approximately 1 hour and half to quete: while dance
sessions only last for a few minutes each, additional timeeisded to dress, adjust
garments and markers, calibrate the system, and postgsiagethe capture data
between each session.

Risks:
There are no anticipated risks associated with partigigati this study. The effects
of participating should be comparable to those you wouldegrpce from dancing
to music for several sessions of a few minutes each. The gasnseperimposed to
normal clothing may occasionally create feeling of beingt”hor "thirsty” (unlikely
as there is air-conditioning in the room). Should this haypplee experiment may stop
at any time, to allow for drinks or fresh air as needed.

Bene ts:
At the end of the study, we will provide a thorough explanatis the study and of
our hypotheses. We will describe the potential implicationthe results of the study
both if our hypotheses are supported and if they are disened. If you wish, you
can send an email message to Jean-Julien Aucoutgj@csl.sony.fr> and we
will send you a copy of any manuscripts based on the researcsu(nmaries of our
results), and inform you of any further developments.

Compensation:
Refreshments and snacks will be available during and dfeerekperiment. We are

15



sorry we are unable to offer any nancial compensation f&irtg part in this study.

Con dentiality:

Your participation in this study will remain con dentialnd your identity will not be
stored with your data. Whenever possible, unidenti ableiprotapture data will be
used for demonstrations instead of video footage. Howeweretain the right to use
video footage or stills extracted therefrom for either egsh reports or documentation
and further grant applications. We will do so with extremiemtion to ensuring that
you will be unidenti able from the video/picture if posséland in any case that this
will not cause any kind of annoyance or disparagement.

Participation and withdrawal:
Your participation in this study is completely voluntarpmdayou may withdraw at any
time without penalty (no questions will be asked).

Contact:
If you have questions about this research, please contactJidien Aucouturier,
<jj@csl.sony.fr>

Agreement:

| (the investigator) have discussed the above procedurethét subject, explicitly
pointing out potential risks or discomfort. | have asked thiee any question remain
and have answered these questions to the best of my ability.

Name: Signature: Date:

| (the subject) agree to participate in this study. The maanmd purpose of this
research have been satisfactorily explained to me. | utatetsthat | am free to
withdraw at any time if | so choose and that the investigatir gladly answer any

guestions that arise during the course of the research.

Name: Signature: Date:

B Appendix: Complete score for stimuli 1
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Subdivisions 2nd bar - hanterdro
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Subdivisions 2nd bar - hanterdro
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