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ABSTRACT
Research background and hypothesis. Dance is presented as a context to study emergent and nonlinear 

behaviour. Manipulating the task constraints and the agent/environment and agent / agent interactions is used to 
enhance the divergent production of motor responses, which is studied using observational methodology. 

Research aim. Our aim was to test an observation instrument capable of detecting synchronisations and 
spontaneous interactions in a group of dancers. 

Research methods. Seven dancers improvised during four five-minute trials involving four different 
constraints (Free movement; Free movement, but previously they had spent one minute breathing at the same 
time; Only walking and moving one’s arms; Free movement, but if one dancer stops, they must all stop at the 
same time). The recording instrument was the MatchVision Studio Software, and the data were analysed using 
THEME v.5 software (Magnusson, 1996, 2000). 

Research results. The results, as refl ected by the T-patterns detected (twenty in Trial 1, eleven in Trial 2, 
twenty-one in Trial 3 and eight in Trial 4) and the frequency of the recorded events, show the following with these 
dancers: (1) the observational instrument developed has enabled us to analyse synchronisation and interaction of 
dancers, as well as to detect repeated sequences of events; (2) the most frequent event is the interaction in pairs 
using physical contact; (3) very strong constraints limit the emergence of varied patterns; and (4) a previous 
synchronisation of breathing enhanced the group’s synchronisation and the use of physical contact between 
members while dancing. 

Discussion and conclusions. The observational instrument developed has enabled us to analyze the 
synchronization and interaction of dancers, as well as to detect repeated sequences of events.

Keywords: observational methodology, synchronization, constraints, nonlinear behaviour.

INTRODUCTION

The uniqueness of dance arises out of the 
juxtaposition between human motion and 
art. Dance as an “art object” has a dynamic 

dimension (motion) not present in other art forms, 
while dance as physical activity has an emotional 
dimension which requires consideration not only 
of technical but also of creative features of the 

dancer’s movement. The evolution of dance 
has been determined by the need to experiment 
and create new ways of moving, as well as 
by the exploration of new forms of human 
movement that are not based on the need to win 
or do better than an opponent. During the last 
century, choreographers and dancers, as artists, 
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were attracted by new trends in contemporary 
art and sought for a more natural and free way 
of dancing. Science also influenced dance, and 
systemic and complex systems approaches have 
been present in the research process of different 
artists. Indeterminacy, improvisation, chaos and 
breaking with cause-effect relationships were key 
concepts in a number of important dance works, 
such as those of Cunningham, many years before 
the complex systems approach was applied in 
motor control and learning. Principles such as 
equifi nality, (neg)entropy and morphogenesis were 
all considered in an attempt to understand human 
motion in dance (Castañer, Camerino, 2003). 
Dance paid attention to complex phenomena 
many years before sport did, and this makes 
dance an interesting context in which nonlinear 
sport scientists can study emergent and nonlinear 
behaviour. Furthermore, dance needs to be based 
on creativity. At all events, we cannot rely on 
stereotypes, and following a single map –as if it 
were an algorithm – prevents us from discovering 
other routes in a heuristic way.

Dance improvisation is an innovative dance 
process that takes the dancer beyond habituated 
patterns of movement and modes of comportment 
into a realm of unknown possibilities where new 
ways of moving can be discovered and experienced 
(Clark-Replay, 1999). This process is mainly 
based on creative games, playing with one’s own 
movement, rhythm, space, dancers and equipment. 
All of these constitute constraints on the emergence 
of coordinated behaviour between dancers or on 
the discovery of new ways of dancing. 

In line with certain trends in nonlinear 
pedagogy (Chow et al., 2006), methods of teaching 
contemporary dance and improvisation are focused 
on exploration, play and discovery. Traditionally, 
teachers of dance improvisation have used a 
constraints-led methodology, manipulating the task 
constraints and the agent/environment and agent/
agent interactions. Studies of these interactions 
have shown the infl uence of dancing with a partner 
in terms of enhancing the divergent production of 
motor responses (Torrents et al., 2010).

The proposal here is to study complex behaviour 
in dance by means of observational methodology. 
The latter is a scientifi c procedure that can reveal 
the occurrence of perceptible behaviours, allowing 
them to be formally recorded and quantifi ed. It 
also enables the analysis of relationships between 
these behaviours, such as sequentiality, association 
and covariation. 

In all settings one fi nds a range of behaviours 
which form a pyramidal structure. Starting from 
the top of the pyramid, everyday dance in a 
natural context can be broken down into different 
levels (such as leisure, motor behaviour, etc.), 
revealing a tree structure with a hierarchical 
subdivision of situations in which behaviours that 
tend towards molarity interact with their natural 
contexts (Anguera et al., 1999). Towards the base 
of the pyramid the perceptible behaviours become 
increasingly molecular.

Observational methodology can be used here 
due to the habitual nature of human behaviour and 
the fact that the context is a naturalistic one. Indeed, 
the flexibility and rigour of this methodology 
makes it fully consistent with the characteristics 
of our research on body movement and dance 
(Castañer et al., 2009 b). More specifi cally, our 
research approach is based on sequential and 
real-time patterns, known as T-patterns, which, 
in conjunction with detection algorithms, can 
describe and detect behavioural structure in terms 
of repeated patterns (Magnusson, 2000). It has 
been shown that such patterns, while common in 
behaviour, are typically invisible to observers, even 
when aided by standard statistical and behaviour 
analysis methods.

In order to improve the scenarios to be 
managed in body movement and dance practices it 
is important to identify the essential constraints of 
specifi c motor skills, space (such us axes, planes 
and volumes or the use of the total space), time, and 
interaction between partners. Our intention is not 
to explore unobservable aspects such as feelings 
or emotions that are always implied in dance but, 
rather, to study what is directly observable from 
an objective point of view. 

We have previously applied observational 
methodology to study the infl uence of different 
instructions and dancing with partners as a way 
of enhancing motor creativity in creative dance 
and contact improvisation, as well as for studying 
the sequence of motor actions in folklore dance 
(Castañer et al., 2009 a, 2009 b; Torrents et al., 
2010). However, this research was focused on 
the individual responses of dancers and creativity 
was studied by paying attention to the variety of 
motor skills performed according to the teacher’s 
instructions or the partner of the dance duet. The 
category system used for the analysis (OSMOS– 
Castañer et al., 2009 b) classified motor skills 
and the variations that dancers could use while 
dancing. However, in order to study further the 
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way in which patterns emerge in contemporary 
dance we were interested in creating an observation 
instrument capable of detecting synchronisations 
and spontaneous interactions within a group of 
dancers. In this paper we test the instrument by 
studying the effect of constraints-led proposals 
for improvising and composing, especially as 
regards enhancing interactions and spontaneous 
synchronisation in a performance or in training 
sessions. Improvised dance was observed using 
different instructions in order to analyse how 
these may affect attention to the group and the 
interaction among its members.

RESEARCH METHODS
Seven students (fi ve females and two males; 

mean age 21.5 ± 2.5 years) of Physical Activity 
and Sport Sciences with more than one year of 
experience dancing in a contemporary dance group 
participated voluntarily in this study. Their task was 
to improvise dancing in a space of (8 × 8) m during 
four fi ve-minute trials in which they received no 
specific instruction regarding how to interact, 
synchronise or listen (in dance terminology, being 
aware of the other dancers) within the group. Each 
trial was focused on different constraints:
 1) Free movement, without specifi c instructions.
 2) Free movement, but previously they had spent 

one minute breathing at the same time whi-
le sitting in a circle and holding hands. The 
synchronisation of breathing might enhance the 
synchronisation of the dancers’ free movement 
afterwards.  

 3) Only walking and moving one’s arms were al-
lowed. Simplifying the instructions might also 
enhance attention to the group rather than to 
one’s own movement. 

 4) Free movement, but if one dancer stops, they 
must all stop at the same time. This instruction 
forces the dancers to listen to the group, which 
might also enhance their interaction and spon-
taneous synchronisation. 
The four trials were video recorded and video 

images were analysed by two expert observers 
using an instrument based on changing criteria 
(time, interaction, contact and space), each of 
which gives rise to a category system that is 
exhaustive and mutually exclusive (see Table 
1). The recording instrument used was the 
MatchVision Studio software, an interactive video 
coding program, which allows effective recording 
of the time of occurrence of behavioural events, 
i.e. their beginnings and endings (see Figure 1.). 
Data quality was assessed by calculating the kappa 
coefficient (Blanco-Villaseñor, Anguera, 2000) 
and data were analysed using THEME v.5 software 
(Magnusson, 1996, 2000). The THEME software 
enables complex repeated temporal patterns to be 
detected even when a large number of unrelated 
events occur in between components of the 
patterns, which typically makes them invisible 
to the naked eye. The basic assumption is that 
the temporal structure of a complex behavioural 
system is largely unknown, but may involve 
a set of a particular type of repeated temporal 
patterns (T-patterns) composed of distinguishable 
event-types, which are coded in terms of their 

Criteria Categories
Time
Synchronisation of the rhythm 
between dancers

Ts: Simultaneous action. The group performs the same movement and at the same time.
Tcn: Canon. The group performs the same movement in sequential time.
Trs: The group synchronises the rhythm of the movement, but without performing the same 
movement.
Tc: Combination of any of the three previous categories.

Group
Interaction between dancers

Gd: Dyad. Interaction of two dancers.
Gmg: Microgroup. Interaction of three or more dancers (fewer than seven).
Gg: Macrogroup. Interaction of all the dancers together.
Gs: Different dyads or different microgroups at the same time.
Gc: Combination of any of the four previous categories.
NG: The seven dancers do not interact.

Contact
Physical contact between the 
groups

C: Physical contact is used in the group.
Cc: Different dyads or microgroups are dancing at the same time, and some of them use 
physical contact while others do not. 

Space
Dancers interact while paying 
attention to spatial features

SG: Dancers use a geometrical form while dancing.
St: All the space is occupied (four corners and centre).
Sc: Combination of both the above categories.

Table 1. Category system used to analyse the spontaneous interaction and synchronisation of dancers
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beginning and end points (such as “dancers begin 
by interacting in pairs using contact” or “dancers 
end by interacting with the whole group”). The 
kind of behavioural record (as a set of time-point 
series or occurrence time series) that results from 
such coding of behaviour within a particular 
observation period (here called T-data) constitutes 
the input to the T-pattern defi nition and detection 
algorithms. Essentially, if two actions, A and B, 
occur repeatedly within a given observation period 
in that order or concurrently, they are said to form 
a T-pattern (AB) if they are found more often than 
expected by chance. More complex T-patterns are 
gradually detected as patterns of simpler, already-
detected patterns through a hierarchical bottom-up 
detection procedure (Magnusson, 1996, 2000).

The design for  this  s tudy is  N /  P /  M 
(nomothetic / point / multidimensional–Anguera 
et al., 2001). It is nomothetic since, as a whole, 
the participants can be considered at a nomothetic 
level due to the high level of motor interaction. It is 
point because we consider a single session with all 
the participants, and multidimensional because it 
combines a category system with a fi eld format that 
enables us to manage four criteria including fi fteen 
exhaustive and mutually exclusive categories. The 
data are Type IV (Bakeman, 1978).

RESEARCH RESULTS
Analysis of the number of occurrences of 

each category in the four trials (see Table 2) 
shows that during the second trial (where dancers 

breathed simultaneously before improvising) the 
dancers interacted more often (65 times) and with 
more people involved (11 in microgroups and 22 
in various dyads or microgroups). In the fourth 
trial (with stops), there were more interactions of 
the whole group, but they all occurred during the 
stops (and therefore they were not spontaneous 
interactions at all). In the second trial, contact 
was also much more frequent (57 times) and there 
were more geometrical spatial forms between 
dancers (11). Stops produce more synchronisation 
of rhythms, but this is also not spontaneous. 
Figure 2 shows these results, excluding the 
synchronisations of rhythm and the interaction 
of the whole group in the fourth trial. Contact and 
interaction was much more frequent in Trial 2, 
while synchronisation of time was more frequent 
in Trial 3 (walking and moving arms). However, 
it is important to note that in Trial 2 there was a 
common rhythm to the dance between dancers, as 
during the five minutes they maintained a slow 
movement, as if they were still following the 
breathing rhythm. 

In the second trial the dancers spent less time 
without interacting (7 times during 31”, compared 
to 11 times during 1’20” of frames in Trial 1, 18 
times during 1’36” in Trial 3, and 20 times during 
1’36” in Trial 4).

Scores related to spatial criteria are the lowest, 
but it is interesting to note that in the second trial 
more geometrical forms were detected.

The THEME analysis, in the form of event 
frequency charts, shows that the most frequent 

 

Figure 1. Screen capture of the MatchVision 
Studio Software showing the category 
system codes

Note. Three girls are interacting (microgroup) 
using physical contact. 
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event is the interaction in pairs using physical 
contact. The number of T-patterns obtained in 
each trial was as follows: twenty in Trial 1, 
eleven in Trial 2, twenty-one in Trial 3 and eight 

in Trial 4. In this last trial the patterns are more 
frequently repeated, showing that a very restrictive 
instruction (stops) can enhance the repetition of 
event sequences (see Figure 3).

Trials
Codes

Free Breathe Walk Stops

Ts 8 4 23 1
Tcn 2 5 3 1
Trs 2 0 0 21
Tc 0 0 0 0
Gd 32 21 38 29
Gmg 8 11 3 1
Gg 0 0 0 21
Gs 16 22 18 4
Gc 1 11 2 0
NG 11 7 18 20
C 36 48 32 26
Cc 7 9 6 3
SG 3 11 3 10
St 0 0 2 0
Sc 0 0 0 0
Total T 12 9 26 23
Total G 57 65 61 55
Total C 43 57 38 29
Total S 3 11 5 10
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Table 2. Number of occurrences of each category 
and criteria depending on the trial

Note. All the category system codes appear 
vertically, and the four trials – horizontally.

Figure 2. Frequency of occurrence of the 
different criteria, excluding those produced by 
the instruction of synchronising the stops

Note. These are total interactions without specifi c 
instructions.

Figure 3. First T-pattern obtained for the fourth trial

Note. There is a repeated sequence of events that begins with a stop (the whole group synchronising the rhythm) and which results in a 
geometrical form (trs, gg, sg). It is broken by a dyad interaction (gd), which is followed by different dyads or microgroups that interact 
with physical contact (gs, cc), followed in turn by another stop (trs, gg). The stop is then broken by the whole group (ng) and a dyad begins 
a new interaction using physical contact (gd, c).
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DISCUSSION
The proposal  to synchronise breathing 

during one minute prior to dancing was found 
to enhance the interaction between dancers, the 
physical contact between them and the use of a 
common dance rhythm. Simplifying the dance 
(in the third trial) enhanced the synchronisation 
of movement and rhythm, while the use of stops 
led to an impoverished performance, at least in 
terms of the interactions between dancers and 
the repetition of T-patterns. It seems that a very 
restrictive constraint, such as the obligation to 
stop if somebody else stops, limits the emergence 
of varied patterns. On the basis of this study alone 
it is not possible to affi rm that the synchronisation 
of breathing will always have this effect, but the 
instrument developed has enabled us to detect 
this interesting phenomenon. Further research is 
needed in order to study the effect of synchronising 
breathing on other dancers or situations. 

The constraints used in these trials did not 
enhance the attention paid by the dancers to space 
at all. However, as space is one of the dimensions 
that dancers have to control (Laban, 1991) it would 
be very useful to fi nd constraints that do direct 
their attention to the possibility of occupying the 
whole available space. It would also be interesting 
to constrain the interaction between all the 
dancers, as they frequently repeat interactions in 
dyads by using physical contact. These results are 

likely due to the infl uence of practices associated 
with contact improvisation or related tasks in the 
dancers’ experience. 

CONCLUSIONS AND 
PERSPECTIVES

The observational instrument developed has 
enabled us to analyse the synchronisation and 
interaction of dancers, as well as to detect repeated 
sequences of events (T-patterns). Testing different 
constraints by means of this observational instrument 
may help to identify the most suitable instructions 
and conditions for enhancing the emergence of rich 
and varied patterns in a group of dancers, thereby 
fostering their self-expression and creativity.  

ACKNOWLEDGEMENTS
We would like to thank the seven dancers who 

kindly participated in this study.
We gratefully acknowledge the support of 

the Catalan government project Innovacions en 
l’avaluació de contextos naturals: observació de 
les respostes motrius en l’expressió corporal i la 
dansa (INEFC).

We are also grateful for the support of the 
Catalan government project Grup de recerca 
i innovació en dissenys (GRID). Tecnologia i 
aplicació multimedia i digital als dissenys 
observacionals (Grant number 2009 SGR829)

REFERENCES
Anguera, M. T., Blanco, A., Losada, J. L., Sánchez-
Algarra, P. (1999). Análisis de la competencia en la 
selección de observadores. Metodología de las Ciencias 
del Comportamiento, 1, 95–114.
Anguera, M. T., Blanco-Villaseñor, A., Losada, J. L. 
(2001). Diseños observacionales, cuestión clave en el 
proceso de la metodología observacional. Metodología de 
las Ciencias del Comportamiento, 3, 135–161.
Bakeman, R. (1978). Untangling streams of behavior: 
Sequential analysis of observation data. In G. P. Sackett 
(Ed.). Observing Behavior: Data Collection and Analysis 
Methods. Baltimore: University Park Press. P. 63–78.
Blanco-Villaseñor, A., Anguera, M. T. (2000). Evaluación 
de la calidad en el registro del comportamiento: Aplicación 
a deportes de equipo. In E. Oñate, F. García-Sicilia, 
L. Ramallo (Eds.) Métodos Numéricos en Ciencias 
Sociales (pp. 30–40). Barcelona: Centro Internacional de 
Métodos Numéricos en Ingeniería.
Castañer M., Camerino, O. (2003). A systemic view of 
the aspects that constitute human motricity. International 
Journal of Computer Science in Sport, 2, 190–193.
Castañer, M., Dinusôva, M., Torrents, C. (2009 a). 

Observar y analizar patrones motrices por roles de los 
bailes tradicionales y folclóricos. In A. Vilanova et al. 
(Ed.), Deporte, Salud y Medioambiente Para una Sociedad 
Sostenible: X Congreso de la AEISAD (pp. 355–362). 
Madrid: Librerías deportivas Estevan Sanz, S. L.
Castañer, M., Torrents C., Anguera, M. T., Dinusová, M., 
Jonsson, G. K. (2009 b). Identifying and analyzing motor 
skill responses in body movement and dance. Behavior 
Research Methods, 41, 857–867.
Chow, J. Y., Davids, K., Button, C. et al. (2006). Nonlinear 
pedagogy: A constraints-led framework for understanding 
emergence of game play and movement skills. Nonlinear 
Dynamics, Psychology, and Life Sciences, 10, 71–103.
Clark-Replay, E. (1999). Dancing bodies: Moving 
beyond Marxian views of human activity, relations and 
consciousness. Journal for the Theory of Social Behavior, 
29, 89–108.
Laban, R. V. (1991). Danza educativa moderna. Barcelona: 
Paidós.
Magnusson, M. S. (1996). Hidden real-time Patterns in 
intra- and inter-individual behavior. European Journal of 
Psychological Assessment, 12, 112–123.

DANCING WITH COMPLEXITY: OBSERVATION OF EMERGENT PATTERNS IN DANCE IMPROVISATION



82

ŠOKIŲ SUDĖTINGUMAS: ŠOKIŲ IMPROVIZACIJOS 
MODELIŲ STEBĖJIMAS

Carlota Torrents1, Marta Castañer1, Maria Teresa Anguera2
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SANTRAUKA
Tyrimo pagrindimas ir hipotezė. Šokis pateikiamas kaip kontekstas, kuris sudaro galimybę tirti netiesinį 

elgesį. Šokio metu manipuliuojama užduoties privalomais elementais bei agento / aplinkos ir agento / agento 
sąveika norint išprovokuoti kuo daugiau įvairių motorinių reakcijų.

Tikslas. Naudojant stebėjimo metodą, šiuo tyrimu siekiama atskleisi šokio elementų apraiškas formaliai 
jas užfi ksuojant ir kvantifi kuojant. Tyrimo tikslas – patikrinti sukurtą stebėjimo instrumentą, kuriuo būtų galima 
užfi ksuoti sinchroniškumą ir spontaniškas sąveikas tarp šokėjų. 

Metodai. Sukurtas tyrimo instrumentas buvo taikomas ryšiams tarp grupės narių atskleisti nagrinėjant sąveikas 
tarp šokėjų, sinchroniškumą tarp jų, fi zinį kontaktą ir bendrąjį erdvės suvokimą. Septyni šokėjai improvizavo 
per keturis penkių minučių trukmės pratimus, kurių metu buvo atliekami keturi skirtingi privalomieji elementai 
(laisvas judėjimas; laisvas judėjimas, prieš tai vieną minutę kvėpuojant visiems tuo pačiu metu (sinchroniškai); 
vien tik vaikščiojimas ir mojavimas rankomis; laisvas judėjimas – kai vienas šokėjas sustoja ir visi staiga tą turi 
padaryti. Duomenys registruoti MachVision Studio programa, analizuojami – naudojant „Theme v.5“ programą 
(Magnusson, 1996, 2000). 

Rezultatai. Nustatyti T-modeliai (20 per pirmą pratimą, 11 per antrą, 21 per trečią ir 8 per ketvirtą) ir 
užregistruotų judesių apraiškų dažnumas rodo, kad: 1) sukurtas stebėjimo instrumentas leidžia analizuoti 
šokėjų judesių sinchroniškumo kaitą ir šokėjų tarpusavio sąveiką, taip pat nustatyti pasikartojančias judesių 
sekas; 2) dažniausiai pasikartojantis modelis yra kontaktas šokant poroje; 3) privalomi šokio elementai riboja 
pasitaikančių modelių įvairovę; 4) išankstinis kvėpavimo suderinimas sustiprino grupės judesių sinchroniškumą 
ir fi zinį kontaktą tarp šokėjų.

Aptarimas ir išvados. Sukurtas tyrimo instrumentas leidžia analizuoti judesių sinchroniškumo ir šokėjų 
tarpusavio sąveiką, pasikartojančius šokio elementų modelius.

Raktažodžiai: stebėjimo metodologija, sinchroniškumas, privalomi elementai, netiesinis elgesys.
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