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Abstract We studied similarities and differences in the use of goal-equivalent patterns of joint coordination to stand up and sit down from different support surfaces, performed without vision. Sagittal plane motion of major body segments was measured and joint angles for the left upper and lower extremities and the trunk were calculated. We used a modeling strategy relating motion in the redundant space of the joints to motion of individual performance variables, such as the center of mass (CM) or head, and determined how the variability of joint combinations across trials was structured; i.e. variations in joint combinations leading to a consistent value of a performance variable (goal-equivalent variability) and variations resulting in variability of the performance variable (non goalequivalent variability). We found the variability of joint combinations to be selectively channeled into goal-equivalent directions, leading to stable horizontal motion of the CM and of the head, during both standing up and sitting down. In contrast, when evaluating the effect of joint combination variability on the control of vertical CM motion, we found differences in the variability components between standing up and sitting down. In general, more variable vertical CM motion occurred. An important finding was an enhanced use of goal-equivalent joint combinations under challenging task conditions, whether standing up or sitting down.  2002 Elsevier Science Ltd. All rights reserved. Keywords: Movement; Motor control; Coordination; Degrees-of-freedom



1. Introduction The ability to stand up from sitting is essential for independent, community-level function. Many studies have examined various aspects of this task, while the equally frequent and important task of sitting down from standing has received much less attention [1–6]. Of the few studies that have examined both tasks, normative data on variables such as force production and joint motion in different groups of subjects, including patients, has been provided [2–4,6]. The muscle activity patterns as well as many kinematic parameters have been shown to be similar between the two tasks [1,5]. However, no reports were found that compared the motor coordination of standing up and sitting down. The present report will focus on similarities and dif-
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ferences in the use of goal-equivalent patterns of joint coordination between the tasks of standing up and sitting down. Given that safe and efficient performance of both tasks is often problematic in individuals with disability and in the aged, an understanding of whether and how the coordination of each task changes with age and disability will be important [6]. The current report focuses on coordination of the two tasks in young healthy individuals to provide a framework for such studies. Among task differences that might lead to differences in coordination are the length of the base of support in the direction of movement (e.g. longer forefoot than hindfoot), the role of gravity, the required muscle action (e.g. concentric vs. eccentric), and the availability of visual information (e.g. sitting down without looking backwards). The coordination of standing up has been reported previously [7–9]. These studies examined differences in patterns of joint coordination used to control different performance variables, such as the path of the center of mass or its linear momentum. Control is defined here as
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