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A more extensive worked example 

Coordination Dynamics

J. Scott Kelso
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J. Scott Kelso

Herman Haken

Many others
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Science, 1979: On the Nature of Human Interlimb 
Coordination (Scott Kelso)

Each row corresponds to one experimental task.  
Subjects are asked to move, after a signal, from the 
midline to one or two targets.
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..the brain produces simultaneity of 
action not by controlling each limb 
independently, but by organizing 
functional groupings of muscles that 
are constrained to act as a single 
unit
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in phase antiphase

Coordination Dynamics: Scott Kelso and co-workers

A model system for studying coordination
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• Two stable modes at moderate speed: in phase, 
and anti-phase 

• transition to a single mode (in phase) at fast rate 

• No comparable transition as rate is reduced 

• Increase in variability shortly before the transition 
(critical fluctuations) 

• Model system for studying coordination
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Notice how “in phase” and “anti-phase” have been  
defined with respect to the bilateral symmetry of the  
body.
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The switch between patterns occurs when we start at 
a low frequency (anti-phase, say 1 Hz), and gradually 
speed up.  Resisting the switch causes instability that  
destroys the coordination.

I confess I am still unsure about the relative importance 
of the use of homologous muscle groups vs orientation 
w.r.t. the body’s symmetry in defining these patterns.

What if the hands belonged to two people?  Let’s try!
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Mechsner, F., & Prinz, W. (2003). What is coordinated in bimanual 
coordination?. The Dynamical Systems Approach to Cognition: Concepts and 
Empirical Paradigms Based on Self-Organization, Embodiment, and 
Coordination Dynamics. Edited by TSCHACHER WOLFGANG & 
DAUWALDER JEAN-PIERRE. Published by World Scientific Publishing Co. 
Pte. Ltd., 2003. ISBN# 9789812564399, pp. 71-91, 71-91.
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By stimulating a single site 
in the mid-brain 
(mesencephalon), changes 
in walking speed were 
induced, leading to abrupt 
gait changes at critical 
velocities.
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Modelling strategy: 

    (1) Model joint behaviour as a single system (1 d.o.f. total) 
    (2) Model each hand as an oscillator (2 d.o.f. each) 
    (3) Model coupling between hands to derive 2 from 1

Haken, H., Kelso, J. S., & Bunz, H. (1985). A theoretical model of phase 
transitions in human hand movements. Biological cybernetics, 51(5), 347-356.

Then consider extensions, refinements, etc.
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    (1) Model joint behaviour as a single system

The state of the system is a single number: the relative  
phase i.e. phase if hand 1 - phase of hand 2

Kelso describes the state of the system using one 
number (ɸ), and the dynamic using a single potential 
function, V.

ɸ = relative phase
    = difference between 2 phases
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ɸ = relative phase
    = difference between 2 phases

Relative phase is an appropriate number for succinctly 
capturing the overall state of the system.  Such a term 
may be called a collective variable or (confusingly) an 
order parameter. 
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The state space is one dimensional.  Over that we define 
a potential function, with minima at the desired places. 
The dynamic is then the (negative) slope of this potential 
function.
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    (2) Model each hand as an oscillator (2 d.o.f. each)

Data was obtained looking at how the amplitude of 
osciallation varies with rate for a real hand. 

This required constructing 
a hybrid form combining 
two well-known simple 
oscillators.  The hybrid  
form matched the hand 
data.
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The details of the coupling matter.

2 coupled oscillators

Each oscillator has 
its own behaviour 

but in their 
interaction,  
everything is  
different!



Connectionism/Dynamics 2017

The 2-hand system is an emergent pattern arising when 
two hands are coupled.

Each hand is an oscillator in its own right.

. . . and they are coupled.
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System 1

System 2

System 1 * System 2



Connectionism/Dynamics 2017

    (3) Model coupling between hands to derive 2 from 1

This is the mathematical work of the Haken-Kelso-Bunz 
paper from 1985.  The maths is non-trivial.😮

This can only work if we have captured the basic 
characteristics of the oscillators and their coupling 
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Extensions
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Schmidt, Carello, Turvey: Social coordination
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Speech Cycling

Work done with Robert Port and Keiichi Tajima 
(Indiana University)
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0.6
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• There are 3 and only 3 
stable production forms

• Phases are 1/3, 1/2 and 
2/3

• Not all subjects discover 
the 2/3 pattern (nonce 
stress)

• Results implicate 
hierarchically organized, 
low-dimensional dynamical 
systems in production

• Consistent in kind with 
limb results

0.3 0.7

Targets
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Kelso: mismatched oscillators

What if the two effectors are mismatched, with 
different eigenfrequencies?
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Investigating the displacement of the stable equilibria 
with weighted pendula
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Thelen & Smith: generic patterns of development
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Kelso, Dumas, Tognoli: Coordination at different scales 
within the CNS
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Coordiantion 
dynamics 
is a very  
general  
approach 
built around 
a consistent 
strategy
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