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is no question that there is some toss of position constancy associated with smooth eye movements. Stationary objects whose images are caused to move across the retina by these eye movements frequently occasion the perception of object motion. This phenomenon. first commented on by Filehne. has been referred to as the Filehne illusion f1922). Whife there is no generahy accepted explanation of it. it has been taken as evidence that, unfike saccadic eye movements. smooth eye movements do not generate information which can serve as compensatory perceptual function (Dodge. 1904: Stoper, 1967. 1973). This view only makes sense. however. if the constancy toss during smooth eye movements is complete. For a less than comptete ioss suggests that, at feast to some extent, image dispfacements are compensated for by smooth eye movement information. There are only a few studies which provide quantitative data concerning the magnitude of the constancy loss during smooth eye movements, and the results from these experiments are at odds with each other. One of these was a study of the Fikhne illusion (Mack and Herman. 1973). The data from that study indicated that there was only a small loss of position constancy for the background during intervals in which observers pursued a moving stimuius. A version of the nulling technique was used to determine the point of subjective stability for a farge background which entirely filfed the visuat geld. The mean point of subjective stability occurred when the background moved with the target at approximately 199,; of its velocity, which is more appropriately described as an instance of underconstancy than as a complete failure of constancy. The hypothesis tendered to account for this partial constancy loss was that it was the result of an underregistration of smooth eye movement velocity. i.e. the perceptual system has information that the eyes are travelling more slowly than their actual rate of movement. The result is that compensation for image displacements of background objects is only partial since it is fimited by the under-registration of eye movement velocity, This hypothesis gains support from the fact that a moving object appears to move more slowly when tracked than when its image paints over the retina (Aubert, 1887. 1861: Fleischl. 1882; Dichgans. Korner and Vuigt. 1969: Mack and Herman. 1972. 1973). This phenomenal slowing seems clear evidence of an under-registration of smooth eye movement vetocity information. A similar hypothesis has recently been offered by Yasui and Young (1975). The only other quantitative data concerning the There
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extent of the constancy loss during smooth eye movements reveals a far greater loss tSt0pe.r. 1967. 1973). These data come from two studies. The first concerned the stimulus conditions for the perception of stroboscopic motion during pursuit. while the other concerned the basis for perceived position. In the first study. Stoper 11967. 19731 adapted a technique devised by Rock and Ebenholtr (f961t to examine whether the perception of stroboscopic motion requires the stimulation of two distinct retinal or spatial points. The Rock and Ebenholtz study involved saccadic eye movements and those investigators found that stroboscopic motion required stimulation from two distinct spatial rather than of two retina) points. Stoner obtained the opposite results using smooth eye movements. In his study, two points were flashed successively while the observer pursued a moving point. Stroboscopic motion was reported only when different retinal loci were stimulated. These results suggests a gross. if not complete. loss of position constancy and are consistent with the view that there is no compensation for image displacements during pursuit. In Stoper’s (1967) other study concerned with perceived position. the subject reported whether the second of two successively Rashed points appeared to the right or left of the first while tracking a moving point. Both the temporal interval and the distance between Rashes were varied. The rest&s were that, with short interstimulus intervals, the point of subjective alignment for the flzhes was much closer to retinal than spatial alignment, but. as the time interval between flashes increased. the point of apparent alignment moved sharply away from retinal in the direction of spatial alignment. With an interstimulus interval of 306 msec there was a 76:; mean loss of position constancy, while with a 1734-msec interstimums interval the mean constancy loss was reduced to 36.19 Unlik: Stoper’s stroboscopic motion results. these results are not consistent with the view that there is no compensation during tracking. However. they do reveal a sharp constancy toss when the interstimulus intervals are brief. and this result doa not seem easily explicable in terms of an under-registration of tracking velocity. It is apparently Stoper’s view that. taken together. his data support the con&~sion that there is no compensation during pursuit and therefore. no position constancy but this conclusion seems unwarranted. If the position constancy losses curing tracking cannot be fully accounted for by the under-registration hypothesis or by the view that there simply never,
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responsible’! The first experiment focuses on factors which might account for the conflicting results. There are several clear differences between the methods used by black and Herman to study the Filehnc illusion and those used by Stoper to study perceived position during Pursuit which might be responsible for the discrepant outcomes. The difference which would appear most critical would seem to concern the temporal parameters controlling background exposure. Our Filehne study, involved a continuously visible background and yielded only a very partial constancy loss. Stoper found that as the interval between presentation of background stimuli increased. the magnitude of the constancy loss decreased. This suggests the possibility that there is some common factor controlling or influencing the magnitude of the constancy loss which may have been affected in similar ways at the longest interstimulus interval in Stoper’s study and by presenting a continuously visible background in our study. That is. it seems possible that increasing the interval between presentation of background stimuli may affect factors responsible for the constancy loss in much the same way as increasing the interval during which the background stimulus is continuously visible. If true. then exposing the background briefly but continuously should produce a large constancy loss. similar to that obtained by Stoper with a brief interstimulus interval. while exposing it for a longer period should result in a much smaller constancy loss. similar to that obtained in our study of the Filehne illusion and at Stoper’s longest interstimulus intervals.’ For this reason. in the first experiment. it is the duration of background exposure which is manipulated and its apparent motion or stability assessed. In order to obtain an estimate of position constancy unconfounded by the possible tendency of a large surround to appear stationary (Duncker. 1929). a phenomenon we believe might have reduced the amount of constancy loss in our earlier study, the background stimulus in these studies was a single point marginally smaller than the tracking target and thus comparable to the background stimuli used by Stoper. To insure the accuracy of tracking. all eye movements were monitored and recorded with a Cornsweet Double Purkinje Image tracker (Cornsweet and



i It should be noted that there is another major dtfTerence between the Stoper and Mack and Herman study: Stoper’s study involving varying interstimulus intervals concerned the perceived posirion of background stimuli. while the Mack and Herman study concerned the perceived motion of the background. While this is an important difference. it does not seem the one most likely to account for the discrepant results. Primarily this seems true because of Stoper’s stroboscopic motion study. where the dependent variable was apparent motion and the data. like that from the brief interstimulus interval condition in the experiment on perceiLed position. suggest no compensation. In the current work. we continued to examine perceived motion and stability rather than perceived position. since it is the apparent motion or stability of objects whose images are caused to move over the retina by movements of the observer which defines posltion constancy.



Crane. 19’31. and onI> those trials in whtch there were no major breaks m tracking were used. The duration of background exposure differenttates the two testing condrtions. In one condition (Short interval). the background was rljtbk for 0.3s~~. In the other condition (Long Intervail. the background ~3s visible for I.2 sec.
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The observers sat in light-tight chamber which also housed the optical section of the eye tracker and the display oscilloscope. both of which rested on a rigid table. Mounted on the table was an X. y. Z axised milling attachment which held a head rest-bite plate combination that kept the observer‘s head immobilized. The oscilloscope display screen (Tektronix Model 5103 N with a fast phospor. P3l) was located 35 cm in front of the observer’s right eye which was the eye monitored by the eye tracker. A 0.5in. smoked Plexiglas filter was placed in front of the screen to reduce any residual glow. The output of the eye tracker and the function generator which controlled the morion of the display were recorded on separate channels of an oscillograph. Temporal intervals were recorded by the event markers. .A second oscilloscope outside the light-tigt chamber permitted the erperimenter to monitor the display. The display consisted of the pursued target. which was a 0.5. vertical line. and the background pomt. The background point bisected the target when they were aligned. The target moved from left to right at a constant velocity (5 secl over a lj- path. When the target reached the midpoint of its path (7.5’1. the background stimulus appeared, aligned with the targ,ept and moved at a velocity which was varied on each trial from stationary to 5’sec in either the same or opposite direction as the target. In the Long Interval condition. the background point remained visible for 1.2~~. during which time the target travelled 6’. In the Short Interval condition. the background appeared at the same point but remained visible for only 0.2 sec. during which time the target travelled 1.. The order of testing conditions was counterbalanced across observers. Observers were instructed to track the target from left to right and were informed that a point would appear during the middle of the presentation. At the end of each trial. they were to report whether the point was “moving to the right. to the left. or was stationary”. The background velocity was set to 0 for the first six trials. This provided an initial measure of the illusion and gave observers an opportunity to practice tracking in the actual experimental condition. One potential subject was rejected in this period because he was unable to continue smooth tracking when the background point appeared. Following these initial trials. the direction and velocity of background motion was varied in a random double staircase design (Cornsweet. 1961) in O.Zj’,sec steps until the velocities that were consistently judged as motion “with” and motion “against” the target were obtained for each observer in three consecutive presentations. In the Long interval condition. any trial in which there was a saccade at the onset of the background. or in which there were more than two saccades during the interval when the background was visible. was rejected and immediately repeated. In the Short Inter\-al condition. any trial in which a saccade occurred while the background was present was rejected and immediately repeated. Trials were rarely repeated more than twice. In the Long Interval condition. Y.6”, of the trials were repeated once: 0.5”, were
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Loss of position constancy during pursuit eye movements reoeated twice and none were repeated more than twice. Inr the Short Interval condition. .8.9?, of the trials were repeated once; 3.-t”, were repeated twice and 1.9”, were repeated more thai: twice. To insure that differences in the apparent motion of the background were due to the character of the display and were not the effect of different rates of eye movement. it was necessary to calculate eye movement velocity. The mean rate of eye movement was computed from the last 10 trials for each observer. The rate of tracking with no background present was computed for the last 0.2-set interval that was free of saccades prior to the onset of the background. The rate of tracking with the background present was computed from the O.l-see interval in which the background was present in the short interval condition and was the mean of three saccade-free 0.1~set intervals; the first 0.2-set interval. the last 0.2-set interval. and a 0.2-set interval in the center of the total interval in which the background was present in the Long Interval condition. Six paid observers with ZO/ZOvision were recruited from the New School student population. RESULTS The mean rate of eye movement in the Long Interval condition during background exposure was 426’,sec or 879; of that with no background present (4.88’;sec). In the Short Interval condition. the mean rate of eye movement during background exposure was 4.8.5'isecor 98”, of that with no background present (4.95’sec). The similarity in eye movement velocities rules out the possibility of accounting for differences in the strength of the illusion in terms of gross differences in eye movement rate. In the initial presentation with the background stationary, the Filehne illusion occurred 61:); of the time in the Long Interval and 58?< of the time in the Short Interval condition. The mean background velocity judged stationary in the Long Interval condition was 0.96’/sec (r5 = 2.381. P c 0.05) in the same direction as the target. while in the Short Interval condition it was 3.35’/sec (t5 = 4.022, P < 0.01) in the same direction as the target. These figures represent a 19 and a 679,; loss of constancy. respectively. The mean difference between conditions is 24O’/sec (f5 = 4.792. P < 0.005). (See Table 1 for a summary of this data.) The probability of a veridical response in saccadefree trials was 0.43 while the probability of a correct response in trials in which a saccade occurred was 0.40. Thus the differences between conditions cannot be attributed to the difference in the quality of tracking. DISCCSSIOS The finding of a larger loss of constancy in the Short as compared to the Long Interval condition suggests that duration of background visibility is. in fact. a critical factor influencing the magnitude of the ’ Most relevant is Gogel’s finding that this principle operates in induced motion (1974). ’ Bridgeman (1972) presents evidence that neurons in the visual cortex of awake monkeys are differentially sensitive to object and subject-relative motion. This would provide a neuronal basis for this distinction between subject- and object-relative motion cogently stressed by Wallach (1968).



Table I. Mean loss of constancy in Experiments 1. ll and III expressed in ,sec and ‘I 
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