






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































The influence of movement segment difficulty on ... - CiteSeerX

&p.1:Abstract Arm movements in the horizontal plane con- sisting of two segments ... part on the accuracy demands of multiple segments of the sequence. &kwd:Key ...... the extension-flexion sequence, the activated antagonist during the first ... 

















 Télécharger le PDF 






 511KB taille
 4 téléchargements
 292 vues






 commentaire





 Report
























Exp Brain Res (1997) 115:137–146



© Springer-Verlag 1997



R E S E A R C H A RT I C L E



&roles:M.K. Rand · J.L. Alberts · G.E. Stelmach J.R. Bloedel



The influence of movement segment difficulty on movements with two-stroke sequence



&misc:Received: 2 July 1996 / Accepted: 13 November 1996



&p.1:Abstract Arm movements in the horizontal plane consisting of two segments were examined to determine whether the difficulty of the second segment influenced the kinematic characteristics of the first segment. The direction of the first segment was an elbow extension movement away from the trunk and remained constant throughout the experiment. The direction of the second segment varied between forearm extension and flexion movements. Based on Fitts’ law, two different indexes of difficulty (ID) of the second segment were utilized by changing target size and movement amplitude. The effects of changing ID were examined for two different movement amplitudes. All movements were single-joint movements employing elbow flexion/extension and were recorded by an x-y digitizer. Variations in the ID of the second segment produced context-dependent kinematic changes in the performance of the initial segment. Movement duration increased when the ID was increased by reducing target size for both extension-extension sequence and extension-flexion sequences. Peak velocity also decreased for higher ID targets in the extensionflexion sequence. However, there was an interaction between the ID and movement amplitude in the extensionflexion sequence. In this sequence the duration of movement for the high ID/large movement amplitude condition increased substantially compared with the low ID/small movement amplitude condition. In addition, changing ID of the second segment influenced the time between the two segments (intersegment interval) in the extension-flexion sequence. Collectively, these data suggest that the planning of complex movements is based in part on the accuracy demands of multiple segments of the sequence. M.K. Rand · J.L. Alberts · G.E. Stelmach (✉) Motor Control Laboratory, Arizona State University, Tempe, AZ 85287-0404, USA J.R. Bloedel Division of Neurobiology, Barrow Neurological Institute, St. Joseph’s Hospital and Medical Center, 350 W. Thomas Road, Phoenix, AZ 85013-4496, USA&/fn-block:
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Introduction Factors related to movement complexity (target size and movement amplitude) are known to affect the planning and execution of discrete movements. The relationship between speed and accuracy in performing these movements is the basis for Fitts’ law (Fitts 1954; Soechting 1984; MacKenzie et al. 1987; Marteniuk et al. 1987; Weiss et al. 1996). These changes in movement kinematics are thought to reflect differences in how motor planning processes organize the neural substrate that underlies the movement. The notion of organizing movements into some form of functional unit has been discussed extensively. Rejecting the idea of simple associative chains of reactions in which feedback from one movement stimulates the initiatiation of the next movement in a chainlike fashion, Lashley in 1951 was largely responsible for introducing the concept of a plan or motor program that guides the sequence of action. Since that time many researchers have demonstrated that, with practice, discrete responses are often organized into a sequential pattern. This integration of sequential actions also has been shown in the absence of peripheral feedback (Fentress 1973; Taub et al. 1973; Sainburg et al. 1995). Moreover, others have proposed that movements are organized into “chunks,” characterized by the functional linkage created between successive movement subcomponents (Lashley 1951; Bernstein 1967; Sternberg et al. 1990; Rosenbaum 1991). Chunks are typically identified as sequential movements that share a common timing unit or reduced intersegment interval (Povel and Collard 1982; Rosenbaum 1987). Adam et al. (1995) found evidence of “chunking” in forward and backward reciprocal movements, with the feature of chunking being modified depending on the task constraints (i.e., target size). There have been very few efforts to examine whether there are also kinematic changes in the movements that
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form these organizational units. One such study was performed by Marteniuk et al. (1987), who examined a movement that contained three subcomponents, wrist transport, finger grasp, and object displacement. Marteniuk et al. (1987) showed that the reaching component was influenced by the functional requirements of the displacement component. They found that when subjects had to grasp an object and place it into a small well rather than throw it into a large box, the kinematics of the reaching component were dramatically altered. Movement time and deceleration time of the reach were prolonged when the subjects were required to accurately place the object. Since the final phase of the task influenced how the initial component was executed, these data demonstrated that the way in which the object was grasped determined the kinematics of the wrist transport. This finding was interpreted as evidence that motor planning/organization processes organize all components as a functional unit based on the constraints of the complete task. These kinematic changes are a result of one movement segment influencing another, which may reveal how motor planning/organization processes specify multicomponent movements. Several studies have shown that, when a discrete single movement to a defined target is compared with the identical movement executed in a series, this movement has a longer duration than when it is executed alone (Fischman 1984; Christina and Rose 1985; Chamberlin and Magill 1989; Sidaway 1991; Fischman and Reeve 1992). This finding has been interpreted to be the result of on-line programming in which some of the programming for the subsequent movement occurs during execution of the initial movement (Chamberlin and Magill 1989). Others have interpreted this finding to be the result of changes in movement organization that are involved in executing multiple segment movements (Fischman 1984; Christina and Rose 1985; Sidaway 1991; Fischman and Reeve 1992). However, none of these studies provided a description of the changes in movement organization caused by multiple actions. These experiments measured primarily movement time, thus insights into how the context of the movement situation influences motor planning/organization are limited. As an extension of the preceding studies, Adam et al. (1993) measured the kinematics of a single discrete movement and a two-segment reciprocal movement in order to understand why the initial segment has a longer duration when it is executed as part of a movement series. Their data showed that the longer duration effect is only present when the impact force of the initial segment needs to be controlled. Restricting the impact force of the initial movement segment reduced the movement’s peak velocity and prolonged the deceleration phase. This finding suggests that, when it is appropriate, motor planning/organization processes are influenced by the terminal accuracy constraints (force control) of both movement segments when executed in a sequence. The effect of task difficulty on multicomponent movements is not as apparent. Several questions exist re-



garding the planning of these complex movements. How do motor planning/organization processes treat two segment movements that differ in difficulty? When such disparities occur, does the difficulty of one segment influence the performance of the entire movement? The present study examines the influence of altering task demands on the kinematics of two different but related two-segment movements. One sequence is an extension-extension movement, the other is an extensionflexion movement. The index of difficulty of the second segment is changed by altering both movement amplitude and target size. Fitts’ law predicts that, as the index of difficulty is modified, corresponding changes in movement kinematics in that segment will be observed. This experiment was designed to determine whether the difficulty of the second segment of a two-segment movement sequence will influence the kinematics characterizing the execution of the first segment. The experiment also addresses whether this influence generalizes across two types of sequence combinations. If this occurs, then the planning of the movement reflects task constraints that relate to the entire movement sequence.



Materials and methods Subjects Twenty-three subjects (10 men, 13 women; aged 19–35 years) participated in this study. They were all right-handed and with no known neuromuscular deficits. They signed consent forms prior to participation. Apparatus and procedure The experimental setting is shown in Fig. 1a. Subjects sat comfortably in a chair in front of a Calcomp 9100 horizontal digitizing table (100-Hz sampling frequency, 0.1-mm spatial accuracy). The digitizer recorded x and y position data during the movement. The digitizer was linked to a computer (PC486), which generated an auditory signal to move and stored the data. All subjects performed eight types of two-segment arm movements in the horizontal plane. They wore a wrist brace to minimize wrist movement and held a stylus in a manner similar to that used in holding a pen. All movements were single-joint movements employing elbow flexion/extension. At the start of a trial, the subjects positioned the stylus in the starting position (1.0 cm in diameter). The subjects’ task was to make two-step movements: subjects moved the stylus from the starting position to the first target and then to a second target. It was emphasized in the instructions that the goal of the task, however, was to reach the second target as quickly and precisely as possible after an auditory “go” signal. All subjects made an extension movement away from the trunk to a common first target as a first segment (2.5 cm in movement amplitude), which shared the same target location throughout the experiment. The movement amplitude, target size, and movement direction of the second segment was varied across eight possible second segments. All target locations and indexes of difficulty (ID) are shown in Fig. 1b. The direction of the second target was either in the same directions or in the opposite direction to the movement used to execute the first segment. Thus, the subjects made extension-extension sequence movements or extension-flexion sequence. Two different distances of the second target were used; the shorter distance was 5 cm (small amplitude) and the longer distance was 10 cm (large amplitude) from the first common target.



139 Data analysis Position data were sampled at 100 Hz and filtered at 10 Hz. Velocity was calculated by using the first derivative of the position data. Movement onset for each segment was defined as the time at which velocity exceeded 10 mm/s. The movement offset of each segment was also calculated as the velocity at the last sampling point before it declined below 10 mm/s. For kinematic analysis of the two-segment movement: (1) movement time, (2) time to peak velocity, (3) deceleration time, and (4) peak velocity were measured for each segment. The intersegment interval was measured as the interval from the offset of first segment to the onset of the second segment. For each subject a median value for the ten trials was obtained for each of the two-segment movement conditions. Similarly a median value for the 20 control condition trials was obtained for the single-segment movement. These median values were used for statistical analysis. The statistical analysis was carried out separately for each movement sequence. A 2×2 ANOVA with repeated measures was used. The independent variables were two IDs and two movement amplitudes. The probability level for statistical significance was P≤0.05. However, all calculated P−values are given in the Results section.



Results



Fig. 1 The experimental setting (a) and target locations (b). In b note that the starting position (SP) and first target are always the same. The second segment was either made by continuing away from the body or by making a reversal and moving toward the trunk. The second segments were changed by modifying movement amplitude and/or target size (ID index of difficulty)&ig.c:/f The size of the target was varied to attain prespecified IDs according to Fitts’ law. The diameter of the first common target was 1.25 cm with an ID of 2.0. The size of the second target was adjusted to attain an ID of 4.83 and 3.0 regardless of the movement amplitude. This was accomplished by using target sizes of 0.35 cm and 1.25 cm in diameter for the small amplitude and 0.7 cm and 2.5 cm in diameter for the large amplitude. Using this arrangement, the two different IDs (4.83 and 3.0) and two different amplitudes (5 cm and 10 cm) were combined with the two movement sequences to produce eight possible conditions, which were randomized. As a control condition, a single segment movement from the staring position to the first target was performed. For the two segment movement conditions, the starting position, the first, and the selected second target were shown to the subject prior to each trial. Subjects made five practice trials before data collection began for each condition. Subsequently, the subjects performed a block of ten trials for each condition; analysis was based on these trials. For the control condition, the starting position and the first target were shown to the subject prior to each trial. Twenty trials, a block of ten trials each at the beginning and the end of the experiment, were recorded. The movement path was recorded and displayed on a computer monitor, which allowed the examiner to determine whether the trial was executed properly. Trials were rejected if the subject either missed a target or made an obvious hesitation before entering the target. Overall, subjects made few errors, most occurred in the condition with a high ID. A total of 100 trials for each subject were collected and analyzed.



Hand spatial trajectories and velocity profiles of the movements are shown in Fig. 2. The first and third rows are the spatial trajectories of a typical subject for movements to each of the four target locations. Trajectories show that for the first segment the subject made a forearm extension movement away from the trunk toward the first target and this movement was the same for all conditions. During the execution of the second segment in extension-extension sequence (Fig. 2a), the subject continued to extend the forearm away from the trunk to the second target. For the extension-flexion sequence (Fig. 2b), the subject made a movement reversal to execute a flexion movement to the second target. Since the subject showed basically the same spatial trajectory profiles for the high and low ID conditions, only the movements to the low ID conditions are shown. Velocity profiles of a trial from one subject are plotted for the two ID conditions for each movement amplitude and sequence combination (Fig. 2). Notice that in the extension-extension sequence (Fig. 2a) changing ID of the second segment affects the velocity profiles of both segments. For the second segment, peak velocity decreased, and the movement duration increased for movements with the higher ID. These profiles are similar for both the small and the large amplitude movements. It is apparent from the graphs that, for the first segment, movement duration is increased for the higher ID movements. These plots suggest the existence of a context-related effect by which the difficulty of the second segment influences the performance of the first segment. Movements of the extension-flexion sequence (Fig. 2b) show similar trends in the velocity profiles of movements of the extension-extension sequence. A decreased peak velocity for the high ID movements during of the first segment is apparent in these records. The context effect of changing the ID of the second segment is also apparent.
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in Table 1 and Fig. 3. As expected from Fitts’ law, movement to the small targets, which had a higher ID, exhibited longer duration. The ID main effect of movement time was significant statistically between IDs (F1,22 = 35.05, P 
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