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Functional variability in movement coordination and perception
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INTRODUCTION

Over the last decades significant advances have been made in our understanding
about the functional role of variability in human movement. These advances reflect a shift
from perspectives that emphasized variability as noise and detrimental to being functional
and essential in regard to adaptation, exploration and learning.! In the dynamical systems
perspective variability is an essential aspect of adaptive movement and represents a key
variable in the identification and emergence of transitions in movement coordination and
the loss of functionality due to movement disability and injury.z*

Another key development in our changing perspective on the role of variability in
human movement is the recognition that movements are not only performatory but also are
essential in the process of exploration and the pick-up of information about oneself and the
environment.® From this perspective, variability may not serve immediate control objectives
but provides task-relevant information about the interaction between the organism and its
environment. In the area of human postural control this is directly linked to the concept of
stability limits (such as the boundary of the base of support provided by the feet) for upright
stance and how postural control emerges in relation to those boundaries. From this
ecological perspective, stability of stance is more closely related to the proximity of the foot
center of pressure or body center of mass to those boundaries than the amount of
movement in these variables per se.>” Assessing variability of postural control with or
without incorporating these boundaries can lead to different interpretations of functional
declines due to aging and disease as it allows assessments of loss of sensitivity to these
boundaries.

Several aspects need to be addressed that will further develop our understanding
of the role of variability in human movement. A first consideration is whether variability
reflects the outcome of the movement or coordinative aspects underlying that performance.
For example, in research in clinical gait the emphasis is often on variability of stride
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parameters to assess the impacts of aging or disease, with the dominant notion that
increases in stride parameter variability represent disease-related impairments. The
perspective here is that, although these increases in variability can be signatures of
disease processes, this may not be an overall reflection of changes in gait. An early
example of this was the reduction in coordination variability in the upper body between
pelvis and thorax in newly diagnosed individuals with Parkinson’s disease. In contrast,
stride parameter variability did not differ from healthy controls.*

Secondly, in gaining further insights into the role of variability in functional
movements and adaptive behavior, we need to move to experimental manipulations that
more directly reflect the relations between the organism and the environment and how
these change under different task, organismic and environmental constraints.> Recent
research in this area includes examinations of postural-manual interactions® and the
modification of intrinsic gait coordination dynamics during reaching and grasping objects.
Although postural variability can serve a functional purpose, in some contexts, such as
when performing a concurrent precision demanding manual task, variability may interfere
with concurrent task performance. A healthy motor system appears capable of optimizing
movement variability (e.g. minimizing postural variability when extraneous fluctuations
could interfere with task completion) based on the goals and constraints of concurrently
performed tasks,® and consequences of task failure.?

Finally, we need to further develop approaches to assess the relationship between
functional and nonfunctional variability in the degrees of freedom and performance
variables. An important conceptual development in this area has been the uncontrolled
manifold (UCM) approach.'® In the UCM approach an important differentiation is made
between functional variability, identified as those fluctuations in the underlying degrees of
freedom that leave the endpoint or controlled variable invariant, and non-functional
variability, those fluctuations resulting in performance deviations. This approach has been
very successful in creating new insights into the functionality of variability in a wide variety
of movement paradigms and is still gaining significant recognition.

Despite these developments much of the clinical research on human posture and
gait continues to use increased variability as a key indicator of movement pathology and
disability. Future research should focus to a greater degree on the function of movement
variability in establishing stable organism-environment relationships and the role of
variability in extracting task-relevant information to sustain or change these relationships.
To give variability its due place, we argue that as shift in focus is needed from a
unidimensional association of high variability with pathology or poor performance to a more
multidimensional understanding of the role of variability. This shift is in our view essential
for understanding adaptive movement behaviors in health and disease.
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