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MOTION PREDICTION AS A FUNCTION OF TARGET SPEED AND DURATION OF PRESENTATION l EARL L. WIENER University of Miami This study investigated ihe ability of Ss to predict the future position of a moving target after the target disappeared. Target speed, duration of target exposure, and S's mode of responding to the visible target were varied. The performance measure was the absolute deviation from the correct target position at the end of 9 sec, converted to error relative to target speed. Results show: (a) no significant differences resulting from mode of response (tracking vs. monitoring), order of presentation, duration of presentation, or speed-duration interaction; (b) significant learning effect from session to session (p < .01); and (c) an increase in relative error, in an inverse relation to target speed (p < .01). It is concluded that a human operator may be able to make motion predictions equally as well with minimal as with maximal exposure to target input; only target speed exerts an influence on prediction accuracy.



Prediction of the future position of a moving target is an essential task of the human operator in any system in which he monitors or controls a dynamic, continually-varying process. Prediction may be denned as an extrapolation to a future position from current information on the state of the system and probable changes in that state. The efficiency of a system is, to a large degree, dependent on the success with which an operator can anticipate its future state. Prediction is especially important when input information or feedback loops are subject to degradation as, for instance, in the occurrence of functional breakdown of equipment. In such an emergency, if the operator is to continue functioning in the system, he must make prediction based on prebreakdown inputs. This is particularly true of radar displays, where even with the equipment functioning properly, the target under surveillance may temporarily disappear in scope clutter. Several authors (Bowen & Woodhead, 1953, 1955; McGuire, 1956; Manglesdorf, 1955; Manglesdorf & Fitts, 1954a, 1954b; Schipper & Versace, 1956) have investigated man's 1 This research was supported in part by the United States Air Force under Contract No. AF 33(616)3612 with the Ohio State University Research Foundation, and was conducted in the Laboratory of Aviation Psychology. This report is based upon the thesis submitted in partial fulfillment of the requirements of an MA degree at Ohio State. The author is indebted to G E. Briggs who served as his adviser.



ability to make predictions of future position on a static display. Generally these authors have reported that accuracy of prediction varies inversely with the distance to be extrapolated, but is unaffected by the length of the initiating target which represents speed Using a dynamic display, Gottsdanker (1952a, 1952b, 1955) demonstrated a phenomenon which he called "rate smoothing": the subjects (Ss) tended to underestimate accelerating targets and overestimate decelerating targets. Accuracy was very high on constant rate targets. The present study investigated the effect of target speed, duration of exposure, and mode of response on prediction of future position of constant-rate targets following disappearance of the target. METHOD



Apparatus The apparatus was an adaptation of that used by Gottsdanker (1952a). A moving target was produced by driving a chart with a diagonal pencil line under a 2 mm. slit in an aluminum plate. The plate was 2 It is interesting that one of the first pilot selection devices involved motion prediction with a static display. Stratton, McComas, Coover, and Bagby (1920) report the use of such a device in selecting World War I aviators. The subject was required to estimate where one branch of a parabolic curve would intersect a horizontal line. This was thought to be an analog of the landing task. The correlation between scores of this test and flight instructors' ratings was .05
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The Ss were 10 male undergraduates at the Ohio State University. They were chosen from a list of students who had contacted the laboratory seeking employment and were paid one dollar per session None had previous experience in tracking, motion prediction, or radar.



Procedure Under the tracking condition, S tuced the visible target in the slit with a pencil and continued tracing its predicted position until the trial ended. Under the monitoring condition, S simply watched the target with the pencil in his hand and then began tracing its predicted position after it disappeared. From the time that the target disappeared, the two conditions were identical. The 10 Ss were randomly assigned to two groups. Group A began with the tracking condition and Group B with the monitoring condition. Each 5 participated in the experiment for 5 days, the first being devoted to instructions and two practice replications under the initial response condition On the second and third days 5 ran 3 replications each day under his initial response condition. On the remaining 2 days he ran 3 replications per day under the opposite condition. No practice was given for the



50 -



FIG. 1. A sample stimulus.



Four durations of exposure (2, 4, 8, and 16 seconds) and four speeds (.5, 1, 2 and 4mm/sec) were combined forming 16 unique combinations of stimulus lines. The various speeds were produced by varying the slope of the target line and the durations by the length of the line. Each target appeared in the extreme left of the slit remaining stationary for S seconds before beginning its left-to-right travel Nine seconds after the disappearance of the target a red dot appeared on the extension of the target line. This indicated the end of a trial and provided knowledge of results at the terminal point. Five seconds later a new target appeared at the left. A complete set of the 16 speedduration stimuli comprise a "replication" of the expertinent. The order of presentation of the 16 stimuli was determined by means of a random number table for each replication. A sample of the stimulus tape is shown in Figure 1.
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