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program: effects of Human Movement



A probe reaction-time paradigm was used to investigate the capacity demands of planning rapid aiming movements. Subjects were required to respond either vocally or manually to an auditory probe presented during the reaction-time interval preceding a pointing response. When a vocal response was required probe reaction time increased systematically with the complexity of the pointing movements. Presumably this is because a more complex task requires more programming resources. When a manual response was required, reaction-time data for both the pointing task and the probe indicate that the structural constraints inherent in programming two similar movements may force subjects to engage in common response preparation, The methodological and theoretical implications of these findings are discussed.



Since the pioneering research of Henry and Rogers (1960) many investigators have sought to understand the planning or ‘programming’ processes which subserve goal-directed actions. While variations in method are many (e.g., see Kerr (1973) and Marteniuk and MacKenzie (1980) for reviews), the reaction paradigm has been one technique often used to investigate movement planning. Specifically, investigators have examined the influence of movement parameters (e.g., amplitude, force, precision, velocity) on the time between an imperative stimulus and response initiation. Indeed, this latency period or reaction time (RT) * This work was supported by a Summer Canada Works Grant from Employment and Immigration Canada. and NSERC Grants # U0388 and A0406 awarded to the authors. Our thanks to Ruth Jones and Karen Leonard for their help with data collection and Laura Diskin for her work in preparing the manuscript. Reprints are available from either author at the following address: School of Physical Education, McMaster University, Hamilton, Ontario. Canada L8S 4Kl.
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does appear to be quite sensitive to many factors of the response that may or may not be known to the subject prior to response initiation (Sternberg et al. 1978). Recently, however, a discontent with the reaction paradigm as a tool for investigating response planning has emerged. In particular, two problems challenge the basic assumption that response latency reveals a reliable estimate of the subject’s planning activities. First, an assumption of the reaction paradigm is that movement planning occurs in its entirety prior to response initiation. Thus, when differences in RT occur in conjunction with the ‘complexity’ of the response parameters, these effects may be attributed to the nature of the plan of action (or motor program) that has been assembled by the subject (Henry 1981; Henry and Rogers 1960). As pointed out by Glencross (1978) however, this assumption could easily be violated if the movement time of the response was long enough to permit some of the planning processes to carry on into the period of movement execution. Indeed, a check on this assumption is often not possible since an increase in ‘response complexity’ is often accompanied by concomitant lengthening of movement time. Thus, a failure to detect changes in RT as a function of changes in response parameters may not be due to the absence of a more complex motor program, but rather because the planning activities are being assembled in part after the initiation of the response. Thus, RT may actually mask instances of more elaborate movement programming. The second, and more philosophical problem with using the RT paradigm to measure response programming concerns the circularity of the assumptions. Consider the following: (a) RT reflects the complexity of the motor program subserving the response, (b) complexity of the motor program reflects the complexity of the parameters which must be specified during movement execution, and (c) RT is measured as a function of response parameters which must be specified. The circularity here is that what is used to define motor-program complexity (i.e., RT) is also being used to measure motor-program complexity. Clearly. an independent measurement technique is required in order to assess the validity of these motor programming assumptions. One solution, recently employed by Glencross (Glencross 1978; Glencross and Gould 1979), involves the use of the probe secondary task to measure the amount of available processing capacity during movement planning and execution. Consistent with concepts of atten-
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tion as a limited capacity resource, Glencross demonstrated that probe RT varied both as a function of the number of sequencing instructions involved in the response (Glencross 1978) and also as a function of the precision required of the response (Glencross and Gould 1979). These results suggested that more complex motor programs (as defined by response latency to the movement signal) required more processing capacity during the planning and initiation execution phases of the support for the assumptions of motor response. Thus, independent programming research using the RT paradigm was apparently found. A potentially troublesome aspect of Glencross’ research, however, concerns his techniques for measuring probe RT. In all of these experiments, subjects performed the movement task with a stylus held in the right hand, and responded to the auditory probe signal with a left-hand key release. The problem here is that choosing competing manual responses for the two separate tasks may create an interference condition that does not accurately reflect the assemblage of motor programming commands. If, as some suggest, competing manual responses are controlled by coordinative structures (e.g., Kelso et al. 1983) then a confounding of structurul and capacit-y interference is likely (Kerr 1973). Indeed, by employing a competing secondary task which is less likely to incur structural interference, (such as a vocal response) a better assessment of the capacity demands of the primary task is possible (Girouard et al. 1984; McLeod 1978, 1980). The present experiment reexamines the probe technique for assessing motor programming by employing both manual and vocal responses to the secondary task.



Method Subjects Twelve, right-handed McMaster University students serve as subjects. There were 6 males and 6 females. Apparatus



volunteered



to



and task description



This experiment included both a primary (target-pointing) task and a secondary (probe RT) task. The primary task involved subjects making
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right-hand movements with a pencil-sized stylus. In the least difficult situation (no target-pointing) this movement involved simply removing the stylus from a lever actuated microswitch which served as the pointing-stylus ‘home’ position. In two other situations the primary task involved subjects moving as rapidly as possible to small metal targets located directly in front of the home position. These two targets were embedded in a wood surface, and located 4 and 24 centimeters from the home position. The near target was 2.4 cm in diameter (Index of Difficulty = 1.72) while the far target was 1 cm in diameter (Index of Difficulty = 5.58). Located 3.5 cm to the left of each target was a red light-emitting diode (LED) which served as the imperative signal for pointing movements to that target. The near LED had a double function in that it also served as the imperative in the no-target-pointing situation. Half way between and to the left (14 cm) of the two targets was a single, yellow LED which served as a warning signal. All three LEDs were controlled by an interval timer. The warning signal remained on for 2, 3 or 4 seconds (variable foreperiod), while the stimulus duration of the imperative was held constant at 200 msec. A subject would begin a primary task trial with the stylus resting on the home switch, he/she would receive a visual warning signal and then (depending on the experimental condition) would either simply lift off the home switch or move as rapidly as possible to the near or far target after the visual imperative. Primary task RT was obtained from a millisecond clock which timed the interval between the imperative signal and the initiation of a movement. A movement-time (MT) clock timed the interval between movement initiation and target acquisition in the two conditions in which an aimed movement to a target was required. On trials that involved the secondary (probe RT) task, an auditory signal (500 msec beep) occurred at various intervals following the imperative signal for the primary task (interstimulus interval = 100, 150, 200 or 300 msec). The onset of this signal again was controlled by an interval timer. The same pulse from the interval timer that initiated the auditory tone started a third digital clock (probe timer) that was stopped with either a manual or a vocal response. The manual response was a thumb release from a (left) hand held cigar-shaped button, while subjects shouted the word ‘stop’ into a (left) hand held microphone in the vocal condition. In order to discourage subjects from anticipating
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the onset of the tone and responding prematurely, occur on 20% of the trials (i.e., catch trials). Procedure
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and design



Each subject participated in the study on two separate days. On each day subjects performed the primary and secondary tasks in both single-task and dual-task situations. On day 1, the order of events was as follows: target-pointing control trials, vocal RT control trials, dualtask trials with vocal probes, manual RT control trials and dual-task trials with manual probes. On target-pointing control trials, subjects performed one block of ten trials in each of the three primary task situations (no target, near target, far target). Within a block foreperiod order was determined randomly. Target-pointing order in all situations involving the primary task was completely balanced across subjects using the William’s square procedure. Both vocal and manual control conditions involved ten RT trials in the absence of the primary task. Although target-pointing was not required the stimulus events were identical to events in the dual-task situation; that is, onset of the yellow LED, onset of the red LED (near) and on 80% of the trials onset of the tone. Interstimulus interval (ISI) and foreperiod order again were determined randomly. Dual-task trials with either vocal or manual probes followed procedures outlined earlier. Each subject performed blocks of 25 trials for each of the three target-pointing situations. Thus within a block, there were 5 trials for each ISI and 5 catch trials (i.e., no tone). Trial order within a block was random, and primary task foreperiod was varied in a random, unsystematic way. On day 2, subjects completed the same number and type of trials except condition order was as follows: manual control trials, dual-task trials with a manual probe , vocal control trials, dual-task trials with vocal probes and primary task control trials. On both days subjects were allowed several practice trials prior to each new block of trials. Medians were calculated in all cases and used as data for entry to the analyses of variance (ANOVAs).
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Results and Discussion Control trials (single task) Primary task RT The results of a 2 (Day) X 3 (Target) ANOVA on the primary task controls revealed only a significant target main effect (F(2,22) = 20.01, p < 0.001, w* = 0.18). Consistent with memory drum predictions as well as previous findings, RT for a no-target response (M = 200 msec) was faster than response latency to the near target (M = 213 msec), which in turn was faster than RT to the far target (M = 231 msec). Primary task MT A 2 (Day) X 2 (Target) ANOVA revealed significant effects for Day (F(l,ll) = 18.24, p < 0.001, w2 = 0.02), Target (F(l,ll) = 170.95, p < 0.001, w* = 0.67) and a Day by Target interaction (F(l,ll) = 16.37, p < 0.01, w2 = 0.01). As expected, MT to the near target was faster than MT to the far target. Also, MT decreased from day 1 to day 2 on the average. However, the nature of the interaction revealed more of a day-to-day decrease for the far target (331 vs 272 msec) than the day-to-day decrease for the near target (107 vs 90 msec). Probe RT The 2 (Day) x 2 (Probe Type) ANOVA revealed only a significant main effect for Probe Type (F(l,ll) = 61.18, p c 0.001, w* = 0.60). As expected, RT for manual probe responses (M = 224 msec) was faster than RT for vocal responses (M = 348 msec). Experimental



trials (dual task)



Primary task RT A 2 (Day) x 3 (Target) x 4 (ISI) X 2 (Probe Type) ANOVA revealed three significant effects: a probe main effect (F(1,ll) = 6.46, p < 0.05, w2 = 0.02), an IS1 main effect (F(3,33) = 23.55, p < 0.001, w2 = 0.05), and a probe type by IS1 interaction (F(3,33) = 3.28, p < 0.05, w2 = 0.01). The means from this interaction are presented in fig. 1 and reveal that response latency for the primary task is increased more when the secondary (probe) response is manual than when the probe response is vocal. Post-hoc comparisons using the Tukey’s HSD procedure localizes



T. D. Lee, D. Elliott / Probing the motor program



179



310-



-z : E



300



+ LL



290-



Y v) aI-



-



280-



> 2 5 rr a



270



-



260



I-



1 100



I



1



150



200 ISI



Fig. 1. Primary



task RT as a function



,



300



(msec)



of probe response



type and IS1



the significance between these probe types at only the 200 msec IS1 condition. Indeed, this general pattern of results for increasing of primary task RT as a function of IS1 (until a point where IS1 = 200 msec) when the probe is manual as compared to when the probe is vocal is consistent with recent experiments regarding the coordination of two-handed movements. These studies (e.g., Kelso et al. 1983) indicate that when two discrete, yet similar responses are required for each hand the timing of their onset tends to be delayed such that the hands work as a coordinated unit. Since in the present study both hands required a similar action (releasing a microswitch), these findings might be explained simply by a tendency to delay the response to the primary task in anticipation of the action required by the manual probe response. Primary task MT



A 2 (Day) X 2 (Target) X 4 (ISI) x 2 (Probe Type) ANOVA revealed significant effects for Day (F&11) = 10.29, p -c 0.01, w2 = 0.002), Target (F&11) = 130.30, p < 0.001, u2 = 0.62), and IS1 (F(3,33) = 5.66,
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0.01, o2 = 0.001). Briefly, the second day of testing produced MTs 15 msec faster than the previous day; near targets (M = 111 msec) were acquired faster than far targets (M = 312 msec); and the ISI of 300 msec produced MTs that were 10 msec slower than the other ISIS on the average. Of particular interest here, however, was the failure to find an influence of probe type. Inspection of the MT ANOVA, however, revealed that the probe type main effect just failed to achieve the 0.05 level of significance (F&11) = 4.043, p = 0.067, w2 = 0.004). Indeed, as found previously for primary task RT, movements in anticipation of a manual probe response had a longer MT (M = 220 msec) than in anticipation of a vocal probe response (M = 203 msec).
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