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Abstract

An experiment was conducted to examine the stability of the anti-phase and in-phase

modes of coordination by means of both fluctuations and relaxation times. Participants

ðn ¼ 6Þ performed a rhythmic bimanual forearm coordination task that required them to os-
cillate their forearms in-phase and anti-phase while grasping two manipulanda at fixed fre-

quencies ranging from 0.6 to 1.8 Hz. Relaxation times were measured as the time taken to

return to a stable mode following the application of a transient mechanical torque. It was

found that relaxation times were not different statistically across participants, frequencies,

and coordinative modes. However, fluctuations, as indicated by the mean S.D. of relative

phase across individual frequency plateaus, were significantly greater in the anti-phase than

in the in-phase mode of coordination, p < 0:05. Whilst providing new empirical support for
the notion that relaxation times should be of the same order of magnitude at frequencies out-

side transition regions, the findings suggest that the level of stochastic noise in the anti-phase

mode is greater than that of the in-phase mode. Implications are made for the future assess-

ment of local pattern stability. � 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

1.1. General overview

Dynamical systems theory has provided opportunities to determine principles that
govern the organization and development of stable coordination patterns. Central
to the dynamical systems approach has been the observation of stable, rhythmic anti-
phase and in-phase modes (e.g., finger or forearm oscillations) at the level of the
order parameter relative phase. The identification of pattern switches or phase transi-
tions from the anti-phase to the in-phase mode in response to increases in the control
parameter oscillation frequency led to the development of the HKB model of biman-
ual coordination (Haken, Kelso, & Bunz, 1985). To explain changes in the variability
of coordination patterns, Sch€ooner, Haken, and Kelso (1986) provided a stochastic
extension of the HKB model. Within the current paper indices of local pattern sta-
bility (i.e. fluctuations and relaxation times), stemming from the work of Sch€ooner
et al. (1986), are compared below critical regions. Whilst findings provide informa-
tion on stochastic and deterministic contributions to pattern stability they will have
direct implications for the future assessment of local pattern stability with relaxation
times and the mean S.D. of relative phase.

1.2. Standard deviations

Deviations from stable coordination patterns or attractor states are caused by sto-
chastic noise of a supposedly constant strength that arises from the system’s many
interacting degrees of freedom (Kelso, Sch€ooner, Scholz, & Haken, 1987). To account
for the presence of such fluctuations, Sch€ooner et al. (1986) extended the HKB (1985)
model by incorporating a stochastic noise term n with strength parameter Q. In
doing so, Sch€ooner et al. (1986) were able to provide a quantitative account for the
enhanced fluctuations observed by Kelso (1981, 1984) in the vicinity of phase tran-
sitions from anti-phase to in-phase coordination. Fluctuations are typically assessed
by measuring the standard deviation (S.D.) of relative phase across individual fre-
quency plateaus and averaging those across multiple trials. As the size of fluctuations
is determined by the stability of an attractor and the magnitude of stochastic noise in
the system (Schmidt, Treffner, Shaw, & Turvey, 1992), they provide a relative indi-
cation of the local stability of a particular mode.
Theoretically, the influence of stochastic noise on the stable stationary behavior

of the system may be understood in terms of the attractor landscape defined by a
so-called potential. Contained within the landscape is the in-phase attractor with a
narrow, steep-sided concave well. Across scaled changes in the required movement
frequency the system minimally deviates from the in-phase attractor in response to
perturbations from stochastic noise. In contrast, the anti-phase attractor has a shal-
lower, less concave well and less pronounced minimum (Kelso & Ding, 1993). When
the system is in the anti-phase attractor constant stochastic noise causes greater de-
viations from the minima, relative to those observed in the in-phase attractor. When
approaching a transition region elevated fluctuations termed ‘critical fluctuations’
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