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Abstract-The spatial values of retinal coordinates are “recalibrated” to the “egocentric” coordinates during and after a saccade within a fraction of a second. We measured the time constant of this retinal coordinate transformation by means of an afterimage technique: our ten subjects performed “auditory” horizontal saccades in total darkness (0.245 saccades/sec). At a saccade frequency below 1 saccadeisec, the subjects observed saccadic displacement of the fovea1 afterimage, but the afterimage seemed to arrive at its final position more slowly than the center of gaze (state 1). At saccade frequencies above 1.5 saccades/sec, the perceived amplitude of afterimage displacement decreased with increased saccade frequency (state 2). Above 2 saccadeslsec all subjects perceived two stationary afterimages simultaneously at the saccadic end-position (state 3). A further increases in saccade frequency reduced the distance between the two afterimages till only one stationary afterimage was seen in a mid-position between the two auditory targets at a saccade frequency above 3.2-3.5 saccades/sec (state 4). Saccade amplitude remained constant within the frquency range between 0.2 and 4.5 saccadeslsec. A one-step or two-step linear model was applied to simulate the experimental data, indicating that the spatial coordinates shift more slowly than the saccadic eye movements. Spatial values of retinal coordinates
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INTRODUCI’ION



When one observes a lasting fovea1 afterimage, i.e. an image perfectly stabilized on the retina, in the dark or against a homogeneous background, it is seen moving in the extrapersonal space whenever the position of gaze is changed by voluntary saccades or eye pursuit movements. This observation was first reported by Aristotle who wrote in his essay, “On dreams”: “And if we look at the sun or any other bright object and close thereafter our eyes, then when our line of sight is directed straight ahead, we see first an image of the same colour, whereever the center of gaze moves.. . “. Evidently the apparent motion of the afterimage is correlated to the change in spatial values of the retinal coordinates during voluntary eye or gaze movements. This “recalibration” or coordinate transformation process (Bell, 1823; Purkinje, 1825a, b; Hering, 1861, 1879; Mach, 1886) is not necessarily linearly correlated with the actual gaze position. When paying attention to the afterimage movement during large voluntary saccades in the dark, one gains the impression that the afterimage changes its position much more slowly than the center of gaze (Purkinje, 1825a, b).
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Thus the adjustment in the spatial values of the retinal coordinates during and after saccadic eye movements seem to be delayed with respect to the change in the actual center of gaze position. Purkinje also observed that very fast horizontal back and forth saccades lead to a corresponding apparent movement of the stationary objects (oscillopsia). Several components might contribute to the recalibration of retinal coordinates during and after saccades: (a) Efference copy signals representing the motor commands of change in gaze position. (b) Afferent mechanoreceptor signals originating in the eye muscles, tendons or other structures of the orbita. (c) Retinal movement or displacement signals. In the following we applied a method by which all retinal displacement signals were absent, since an absolutely stabilized retinal stimulus was applied. Voluntary horizontal “auditory”saccades were produced in total darkness towards acoustic targets, and the frequency of the subject’s horizontal back and forth saccades was increased in steps by increasing the alter-
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Pig. 1. (a) Scheme of the experimental set-up. The subject sat in the center of a vertical cylinder, 280 cm in diameter, with his head tightly fixed. Two loudspeakers (LSl, LS2) were placed on the wall of the cylinder at eye level and an angular distance A. Three light~mitting diodes (LED) served for calibration of the DC-electrooculogram. Before the measurements the subjects had to fixate a smah strong light source or a photoflash L monocularly to imprint a long fovea1 afterimage. When looking at the sounding loudspeakers in total darkness, the subject perceived a shift d in the afterimage position and “pointed” with the movable handle on a rail (C) towards the respective end-position of the afterimage. This position signal P was recorded simultan~usly with the ~-cI~tro~uio~am and the loudspeaker signals (A,, AZ). (b) Calibration of the pointing device: in otherwise total darkness a small light spot of 0.1 deg diameter was projected at eye level onto the cylinder wall at different horizontal eccentricities (abscissa). The subject had to fixate the target and point to the spot of light with the handle using his right hand. Note the slight left/right off-set; the average slope was smaller than 1.0. The dashed line gives the regression line of the data; the continuous line represents the linear relation between fight position and handle position at gain I without left/right off-set.
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of the acoustic stimuli. The subjects reported on movement and displacement amplitude of a small fovea1 afterimage. From our data the recalibration time course of spatial retinal coordinate values can be estimated. A short report has already been presented at an earlier meeting (Griisser and KriziP, 1984). nation
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Horizontal eye movements were recorded by means of DC-electrooculography (EOG) with conventional amplifiers (frequency range O-100 or O-30 Hz, gain 300-1000, precision of amplitude measurements about 0.5 deg). Optoelectronic coupling separated subject and recording device. Afterimage and auditory saccades



METHODS



The experiments were performed in 10 adult subjects (4 female, 6 male) between 26 and 52 years of age with normal vision and no overt oculomotor or vestibular impairment. Myopia was compensated by eye glasses for the imprinting of the afterimage. All subjects were unpaid volunteers. Seven of them were uninitiated and had never participated in oculomotor or visual psychophysics experiments; three were experienced observers. Except for the somewhat higher frequency limit of horizontal saccades in the experienced observers, no essential differences were found in the experimental data. The naive subjects were not acquainted with the purpose or theory of the experiments, while the experienced observers were. Eye movement recordings



The subjects sat in a comfortable chair with a chin rest and a headholder placed tightly against the forehead and occiput [Fig. l(a)]. Possible head movements (rotation) were thus reduced to a minimum (< 1 deg). The subjects were also instructed not to move the head voluntarily. In the performance of back and forth saccades at the upper frequency limit between 3.0 and 4.5 saccades/sec, the gaze movement commands led involuntarily to head movements, however actual movements were mechanically restricted by the headholder. Auditory



In earlier experiments a monocular fovea1 afterimage was produced by fixation of a small 150 W DC-bulb placed about 100 cm from the eye. The diameter of the afterimage produced by this device was about 0.1-0.2 deg, depending on the precision of fixation during the 5-8sec imprinting period. In more recent experiments the afterimage was produced by a short (< 0.1 msec), high-intensity photoflash (0.05 x 0.3 deg vertical light slit). The afterimage was seen in darkness for about 2-5 min. After it had disappeared, a second afterimage was imprinted using the other eye. The subject sat in the center of a vertical cylinder 28Ocm in diameter and 200cm high. On the wall of the cylinder two loudspeakers were fixed at the subject’s eye level [Fig. l(a)]. The horizontal distance between the loudspeakers could be varied. This distance is given in degrees of visual angle with respect to the subject’s “cyclopean eye”. Three small lightemitting diodes (diameter 0.08 deg) were placed horizontally 19 deg apart in the wall of the cylinder at the subject’s eye level for the purpose of EOG calibration, performed every 30-80 sec. Alternating 500 Hz square wave signals of equal duration and an intensity of about 50 dB SPL were produced by the two loudspeakers (6cm dia, Fig. 2). Due to a slight difference in signal transfer characteristics the subjects could detect from the sound location as well as from the sound quality which loudspeaker was turned
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Fig. 2. EOG-recording example of horizontal eye position changes by saccades directed towards the sounding auditory targets (Fig. 1). Six different alternation frequencies (0.45-3.6 saccades/sec).
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on. The subjects were asked to look at the sounding loudspeaker as quickly as possible. Since the alternation sequence between the loudspeakers was periodic and therefore predictable, at low alternation frequencies the subjects performed “anticipatory” saccades, i.e. the latency of the saccades as compared to the loudspeaker signals was found to be near zero. In the present study, however, we were only interested in obtaining a regular voluntary horizontal saccade sequence, so we did not concern ourselves further with this matter. The alternation frequency of the saccades and saccade amplitude were measured from the EOGrecordings. Subject instruction and the measurement of perceived afterimage position



At a low saccade frequency (< 0.3 saccadesisec) all subjects could easily see the movement or change in position of the fovea1 afterimage. The task was explained at such low stimulus alternation frequencies: the subjects were asked to move a handle along a plastic semicircular sector in front of them and to “point” with the handle in the direction of the perceived end-position of the afterimage on the right side and, after a further 5-10 saccades, on the left side [Fig. i(a)]. The handle was moved along a cogwheel band and rail [C in Fig. l(a)] fixed to the semicircular sector. Thus the handle position could be recorded directly using a simple potentiometer circuit. A small notch placed in front of the subject indicated the m~d~pos~tionof the handle. When the subjects were asked to point to a projected small spot of light (0.08 deg diameter), a linear relationship between horizontal eccentricity of the light spot in the field of gaze and the deviation of the handle from the mid-position was found. The gain of this relationship amounted to 0.8-0.95 [Fig. l(b), cf. Bock and Eckmiller, 19831. Thus pointing with the handle measured in degrees of visual angle can be taken as a relative and linear measurement of eccentricity perceived in the field of gaze. It should be noted, however, that although the slope between angle of handle pointing and horizontal eccentricity of gaze was between 0.8 and 0.95 with real light stimuli, it was less in most subjects in the afterimage experiments. This finding will be discussed in a later report (Beyer and Griisser 1986). Nevertheless, pointing eccentricity was also linearly correlated in the afterimage experiments to ec-
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centricity of the center of gaze from the midline (head fixed). The horizontal DC-EOG, auditory signals and handle position signals were recorded on a paper oscillograph (modified Siemens Cardirex). In the main series of experiments the horizontal separation of the two loudspeakers was fixed at 39 deg (+ 19.5 deg eccentricity). Data were obtained in 10 subjects with this paradigm. In two subjects the symmetrical loudspeaker separation was varied systematically and in one subject the loudspeakers were asymmetrically placed. The measurements lasted about 40-60 min for one set of data with a fixed loudspeaker distance. Longer experimental sessions were avoided due to subject fatigue. Thus. in the experimental series in which the distance of the loudspeakers and the alternation frequency of the horizonal saccades were varied SystematicaIly, 4 (subject J. S.) and 9 (subject O.-J.G.) sessions of about 1 hr duration were necessary to collect the data. Data analysis and model computation



Within the frequency range measured, the average alternation frequency of horizontal saccades corresponded in an attentive subject to the alternation frequency of the two loudspeakers. Once this state was achieved the amplitude for IO-20 successive horizontal saccades was measured for each alternation frequency. The algebraic mean of these measurements was used in further computation. The apparent shift in the horizontal afterimage to the left and to the right was measured once or twice for each saccade frequency. For computing averages the first measurement was used. As a rule, the second measurement deviated less than 10% from the first. For the computation of the mathematical models (pp. 222, 223) a digital computer (HP IOOOMX) was applied. Model computations were performed on individual as well as average data of 10 subjects. RESULTS



The perceived movement amplitude of the after image depends on saccade frequency



Figure 2, exhibits recording examples of horizontal saccades elicited by the auditory stimuli placed 39 deg apart horizontally. Accuracy of saccades can be seen from the standard error values displayed in Fig 4(a). Six different stimulus alternation frequencies and the correspond-
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ing saccades are displayed. In all subjects the angular size of the auditory saccades was larger than the anguiar distance of the auditory targets [cf. also Fig. 5&b}]. We were familiar with this observation from earlier experiments in which saccades evoked by auditory stimuli in the dark were measured (Gottschalk, Griisser and Lindau, 1978; Griisser, 1983). Only for very large horizontal or vertical saccades ( > 80 deg) did the auditory saccades approximate the distance of the auditory targets (in degrees of visual angle). Pointing towards the auditory target with the hand and index finger resulted in
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Fig. 3. Illustration of the four states of afterimage perception during horizontal auditory saccades performed at different rates as indicated. For further explanation. see text.



Fig. 4. (a) Relationship between saccade frequency (abscissa), amplitude of horizontal saccadcs (ordinate) and perceived change in horizonal position of a small fovea1 afterimage (ordinate, left side, open symbols). Data from two subjects. Note that amplitude of horizontal saccades bareIy changes with saccade frequency. (b) Same relationship as in (a), but algebraic mean and error of the mean obtained in 10 subjects. Note different scabng of the ordinate for saecade ampiitude and afte&nage displacement.



O.-J. GR&SER et al.



220



2.78 3.24



Amplitude of horizontal



raccade~



@egrees?



(b) 0.5



A J. s. 0 0.4.



saccade frequency



[saccades



G.



s.11



Fig. 5. (a) Relationship between change in afterimage position (ordinate) and amplitude of horizontal “auditory” saccades performed at different saccade frequencies. Data obtained in different sessions with one subject. (b) The slope a of the linear regression line between change in horizontal afterimage position d and amplitude A of horizontal saccades was computed for different saccade frequencies [equation (I)] and is plotted as a function of saccade frequency (abscissa). Data obtained in two different subjects at 8 different saccade frequencies.



considerably less error. Either pointing was correct or overestimation of auditory target distance was less than 10%. With saccade alternation frequencies smaller
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Fig. 6. Scheme to illustrate how recalibration of retinal coordinate spatial values depends on frequency of horizontal alternating saccades.



than 1.2 saccades/sec the subjects were always aware that they performed “good” saccades corresponding to the rhythm and amplitude of the auditory signats, whereas at a saccade frequency above 2 saccadesfsec none of the subjects was sure about his performance. Even the more experienced had the impression that in a frequency range above 2.5 saccadeslsec their saccades were not precise and probably much smaller than the acoustic target distance. Thus they were surprised to see from their EOG recordings that up to a frequency range between 3.8 and 4.5 saccades/sec the auditory saccades changed very little in their amplitude, if at all, as compared to the low frequency range [Figs 2 and 4 (a,b)], Above a saccade frequency of
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2.5 saccades/sec the subjects reported that a fair was reported: the subjects experienced greater amount of effort was required to fulfill the task. difficulty in performing fast back and forth The change in afterimage position at a sac- horizontal saccades with small amplitudes than cade frequency of 1.5 saccades/sec was easily with larger ones. The frequency at which the afterimage doubled and showed reduced posobserved by all subjects. Most of them reported having the impression that the center of gaze ition change depended very little on the saccade was on target earlier than the afterimage, i.e. it amplitude or the horizontal distance of the seemed that their eyes moved faster than the auditory targets. The same was true for the afterimage (state 1, Fig. 3). When pointing in saccade frequency at which the afterimage did the direction of the perceived end-positions of not seem to move. Due to the diminished apparent afterimage the afterimage, all subjects moved the handle to at saccade frequencies above considerably lower eccentricities (50-85%) than movement 1.4 saccades/sec, the relationship between amthose of the eye at the respective end-positions. plitude of the horizontal auditory saccades A When the alternation frequency of the auditory and the change in horizonal afterimage position stimuli was increased, leading to a corresponding increase in the saccade frequency, the ampli- d was greatly influenced by the saccade fretude of the apparent horizontal shift in the quency [Fig. 5(a)]. From the relationship beafterimage diminished [state 2, Figs 3, 4 (a,b)]. tween A and d we computed the respective linear Moreover, at a saccade frequency between 1.8 regression lines obtained at different saccade and 2.4 saccadesfsec all subjects suddenly per- frequencies ceived two ufter~ge~ ~imulianeo~ly, one on d = f! A + b [degrees] (1) the left and one on the right side of the field of gaze (state 3 in Fig. 3). Either these two after- and plotted the slope a as a function of saccade images did not seem to move at all during the frequency [Fig. 5(b)].?his relationship characsaccades or the subjects were undecided. With a terizes the decrease in horizontal afterimage further increase in saccade frequency the dis- position change with increasing saccade fretance between the two afterimages decreased quency, independent of the respective saccade and at a saccade frequency above 3.5 saccadesj amplitude. It can be taken as another measure set all subjects saw only one stationary after- of the average time-course of retinal spatial image in a position corresponding approxicoordinate recalibration generalized for saccade mately to the midline in front of them (state 4). amplitudes between 25 and 70 deg. The reports of all subjects were very uniform and the data from experienced as compared to Lateral displacement of the auditory targets inexperienced subjects exhibited only minor Next we asked whether the time-course of differences [Fig. 4(a,b)]. recalibration of retinal spatial coordinates depended on the field of gaze across which the The e#ect ofvarying the horizontal separation of saccades were performed. To answer this questhe auditory targets tion we used one experienced subject and disIn two of the 10 subjects additional measureplaced the loudspeakers from a symmetrical ments were performed to find out whether the position around the center of the field of gaze to time course of recalibration of retinal spatial a more asymmetrical position. This horizontal values depended on saccadic amplitude. The shift in loudspeaker position did not have any paradigm described in the preceding section was essential effect, however, on the outcome of the again applied, but the hori~Qnta1~epuratiQn be- experiment. The same phenomena as described tween the loudspeakers varied. In both subjects above were found: doubling of the afterimage essentially the same results were obtained: at with increasing saccade frequency above low alternation frequencies the saccade ampli- 2 saccades/sec, reduction in the distance of the tude increased approximately linearly with the two afterimages with further increase in saccade separation of the auditory targets, as did the frequency and finally “stabilization” of one apparent shift in afterimage position. Thus a afterimage seen at a position in the extralinear relationship between saccade amplitude personal space which corresponded to the midA and amplitude d of the shift in afterimage position between the two auditory targets (sacposition was found [equation (1), Fig. 5(a)]. cade frequency 2 3.2 saccades/sec). This rule When the saccade frequency was increased was valid, irrespective of the direction and above about 2 saccadeslsec, a paradoxical effect amount of horizontal displacement of the mid-
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line between the two loudspeakers up to 25 deg from the center of the field of gaze. Extrafoveal afterimages



When one gazes rapidly back and forth by means of large saccades across a structured visual surround (“voluntary nystagmus”), oscillopsia appears to be strong around the center of the field of gaze, while the apparent movement of the objects is less prominent in the visual field periphery. This phenomenon could be caused, of course, by retinal or central visual mechanisms correlated to the increase in receptive field diameter with retinal eccentricity. It could, however, also be caused by a different timecourse of recalibration of spatial retinal values. Based on this observation we performed in one experienced subject an experiment in which the afterimage was imprinted at a position about 5 deg lateral to the left or right of the fovea and the same procedure was followed as mentions above. Essentially the same observations were made as with fovea1 afterimages, except that at a saccade frequency above 3.4 saccades/sec the afterimage apparently remained stationary in a position deviating from the midline. The lateral displacement corresponded approximately to the displacement of the afterimage from the fovea. Position changes of a migraine phosphene during auditory saccades; three chance observations



One of the authors was twice able to perform an experiment with a migraine phosphene, It was a typical “fortification” phosphene (Jolly, 1902; Lashley, 1941; Richards, 1971; Bucking and Baumgartner, 1974; Baumgartner, 1977; Jung, 1979) exhibiting a flickering rate of about 10 Hz. The observation with one of the phosphenes shall be described in the following: This flickering migraine phosphene began in the upper left quadrant of the visual field at about 50deg eccentricity and moved slowly towards the fovea1 region. This type of migraine phosphene was exceptional; the other 7 migraine phosphenes experienced by the subject over the last 8 years had all begun in the fovea1 region and moved outwards in the visual field. The experiments could be prepared before the migraine phosphene had reached the left half of the fovea, but no EOG recordings were possible since the observation was not made in the laboratory. Auditory stimuli at eye level and about 60 degrees horizontal distance were applied in the dark, and all phenomena of states



1 to 4 described for a retinal afterimage could be observed in this migraine phosphene. In a second “run” the fast horizontal saccades were repeated at different alternation frequencies (maximum about 4 saccades/sec) but with an additional afierimage about 0.2 deg in diameter placed into the fovea center and located about 2 deg from the migraine phosphene. Under these conditions migraine phosphene and afterimage moved together, exhibited states 1 to 4 as described above and showed no movement relative to each other, i.e. they always seemed to move parallel to each other, regardless of the alternation frequency in state 1 or 2, while in state 3 two afterimages and two migraine phosphenes were observed. These observations could be confirmed by one of our co-workers who suddenly observed a parafoveal (about 2 deg eccentricity) migraine phosphene after working the entire night in the laboratory. One of the authors immediately performed the same experiment with the subject as described above but used alternating finger snapping as auditory stimuli in the totally dark room (horizontal distance of the auditory targets about 60deg). The subject reported a significant decrease in phosphene distance with increasing snapping frequency, at about 2 saccades/sec doubling of the phosphene and finally stillstand of the nearly fovea1 migraine phosphene at a saccade alternation frequency of about 3 saccades/sec. MODEL



COMPUTATIONS



Let us assume that the amplitude of the horizontal back and forth saccades is A degrees and the center of gaze position “straight ahead” (i.e. at the center of the field of gaze) is defined by the coordinates 0;Odeg. Let us further assume that the spatial values of retinal coordinates change with the beginning of the neuronal command leading to a goal-directed voluntary saccade according to an arbitary time function f(t). One can then easily deduce how the perceived shift in afterimage position d depends on saccade frequency. In the diagram of Fig. 6 it is assumed that-as in our experiments-the center of gaze starts from the midline position, the first saccade points towards the right loudspeaker and the following saccades shift goaldirected horizontally between the right and the left loudspeaker according to the auditory signals. The value which the retinal spatial coordinates have reached by the time the command for
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the next backwards saccade interrupts the transformation process depends on f(t) and on t. With a bit of algebra one can easily find d d =f(r)/[2
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Equation (2) is a general solution valid for an arbitrary set of monotonic functions, leaving the functionf(t) open for further explorations. Applying a digital computer program we substituted two simple exponential functions for f(r), one describing a one-stage, the other a twostage linear filter f(t) = 1 -ev[W



+ W7J



(3)



f(l) = (1 - exp[(--1 + G)/721)2
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Fig. 8. Same relationship as in Fig. 7. Average data from all 10 subjects. Model computations applyingf,(r) (continuous curve) or_&(r) (dashed curve). Constants in equation (2) leading to minimum deviation between experimental data and model predictions are indicated.



f,(t) orf2(t) were used to find the time constants 7, or r2 and the dead time T, or T, of equation (2) leading to an optimum fit between experimental data and mathematic model. Examples for one set of data are show in Fig. 7(a,b). It The data of four of the ten subjects fitted should be pointed out that equations (3) or (4) equation (2) better with fi(r) than with f2(t), both fitted the experimental data reasonably while in other subjects the opposite was true. well but similarly a hyperbolic function or any The differences in the sum Q of quadratic other polynom could also be substituted. Exdeviations between data and the values for the ponential functions of time, however, have the two different models were fairly small in all advantage of being not only simple but also subjects. For the average data of 10 subjects attributable to functions of neuronal networks f2(t) was found to be a better description than operating according to the principle of “leaky J(t) (Fig. 8). This was not unexpected. Even integrators”. if f, (t) would have been better than f*(t) in all individual subjects, due to the scatter of 7, and T, the average data easily led to a curve which modal 1 30. 0 is better described by fr(t). The algebraic means found in the group of 10 a= 26.60 [dsg] subjects were 122 + 18 msec (SE) for 7, and -I-=0.110 [s] 95 + 16 msec for t2. The corresponding dead % T= 0.307 [s] times were T, = 290 + 9 msec and T2 = 256 + Qm1.644 16 msec. VP: J. S. Table 1 exhibits the values obtained for 7,) 72, 2 T, and T2 in model computations using the saccade inter& Is] experimental data obtained when saccade amplitude was varied [two subjects, Fig. 5(a,b)]. model 2 It is evident that r or T tended to increase slightly when the saccade amplitude increased to about 25 deg. Above this value however, the a- 26.46 [dqj] T=O.100 Is] saccadic amplitude had no significant effect on T10.260 Is] 7 and T in these experiments. 012.669 VP:J.S. saccada in&al
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Fig. 7. (a) Change in afterimage position (ordinate) is plotted as a function of saccade interval (abscissa). The curve represents equation (2) with f, (t). Same data, curve resulted from model computations of equation (2) with h(r). Data from one subject.



DISCUSSION



After we had completed our investigation, we came across the observation of Kijllner (1923) that a fovea1 afterimage moves less during voluntary quickly repeated saccades performed back and forth horizontally than with slowly



O.-J. GR~~SSER er al.



224



Table 1.Scaling factor, time constant and dead time of model I. Data from 2 subjects and 8 different target distances Target Distance (degrees)



13



17



25



38



42



48



55



64



Subject A =, (deg) rI (mW r, (msec)



12.3 53 304



16.5 90 320



25.5 82 298



21.9 82 299



29.2 132 289



31.0 93 314



35.1 122 286



32.7 119 287



Subject B aI (deg) T, (msec) r, (m=)



9.0 49 333



15.8 72 333



24.7 116 307



26.9 115 302



24.9 101 302



26.5 107 307



26.6 82 302



31.6 118 303



repeated saccades. With a voluntary saccade alternation frequency of about 3 saccades/sec Kijllner saw the fovea1 afterimages in the dark moving just slightly around a midline position. This observation of Kiillner had been preceded by Dittler’s (1921) report on a student who observed stability of a fovea1 afterimage seen in the dark during 7-8 Hz voluntary horizontal nystagmus. Nagle et al. (1980) and Howard (1984) confirmed this observation, whereby the subjects of Nagle et al. reached an eye movement frequency of 20 Hz during horizontal oscillopsia. Our present report is a quantitative study of this effect (cf. also Hillebrand, 1920; Hofmann, 1925) and includes the analysis of the states in between low and maximum saccade repetition rates. At precisely what time relative to the onset of the saccades the process of recalibrating the spatial values of retinal coordinates begins is still a matter for speculation and can not be deduced from our experiments. Purkinje (1825) and Mach (1886) found that the adjustment between retinal coordinates and egocentric localization is slower than the saccades and is completed considerably after the end of a saccade. Our data on the deadtime T and the time constant r support this view. Many authors have tried to measure the recalibration time course by determining the perceived spatial location of a small target flashed on the retina before, during or after a saccade (e.g. Matin and Pearce, 1965; Bischof and Kramer, 1969; Matin et al., 1966, 1969, 1970; review in Matin, 1972; Galley, 1974). Some of the data indicate a fairly complex and possible discontinuous process, which depends on saccadic direction towards or away from a self-luminous target in the dark (Mach, 1886; Kaila, 1923; Auersperg and Sprockhoff, 1935). Our present data, however, are very well described by a fairly simple time function analogous to the operation of a one- or



two-stage linear filter with a time constant of about 90-120msec, to which a deadtime in the range of 180-330 msec is added. The time constant seems to vary between subjects (Table 1). As compared with the other studies mentioned above, our experimental paradigm has the advantage of being very simple since the visual stimulus is stabilized on the retina and no external visual references are used which might complicate the measurements. Without such an frame the reexternal spatial reference calibration process of retinal spatial values first reaches its final state after 600-800msec. This state is also characterized by a gain of less than 1 as compared to gain near 1 found when a stationary patterned visual background is present and the afterimage is displaced by saccades across it. As Matin et al. (1982, 1983) demonstrated, afferent retinal signals from parafoveal retinal regions modify the “extraretinal signals”, i.e. the “corollary discharge” (Sperry, 1950) or “efference copy” signals (v. Holst and Mittelstaedt, 1950) representing the gaze movements or gaze position. This mechanism, called “visual capture” by Stark and Bridgeman (1983), might also affect the time constant and the deadtime of equations (3) and (4). It is very difficult, however, to measure afterimage position changes during fast back and forth saccades over a well-structured background, since this external visual stimulus becomes spatially unstable at a saccade frequency above 2 saccades/sec and seems to shift back and forth in the opposite direction to the saccadic eye movements (oscillopsia). This is also true of course for a visual reference scale placed in an otherwise dark field of gaze. Hansen and Skavenski (1977) applied a new paradigm to measure the accuracy of the eye position signal used for motor control. Their subjects had to perform goal-directed ballistic arm-movements to hit a target which was
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flashed with or without other visual Feedback, They found that the hammer blow was fairly accurate in the dark (standard deviations about f .Odeg) and concluded that eye position signals are used at gain I for this motor control task. Comparing their data and our afterimage pointing results at low alternation rates indicates that the gain provided by efferent or afferent eye position signals is considerably higher for this motor task than for our perceptual task. Hallttt and Lightstone (1976a, b) measured goaldirected saccsdes evoked by a small flashed target before, during and after a saccade. For this visual-oculomotor task the response of a second saccade was dependent essentially on spatial coordinates of the target and not on retinal coordinates. This indicates that within the response time for the second saccade, recalibration of the spatial retina1 coordinate values was not only correctly ~rfo~ed but also correctly determined backwards in time, It is difficult to compare the data of the rather complex ex~~ments of Hallett and Lightstone with our present data, which are restricted to a fairly “pure” sensory effect as an indicator of efference copy signals, but it is interesting that in the visuo-oculumotor task the recalibration of the spatial retinal coordinate values seems to be performed within the shortest “normal’* intersaccadic interval, i.e. within a time of about 150-180 msec. Obviously our experiments contribute very little to the question of whether mechanoreceptors of the eye muscles, their tendons or the extraoculer orbital tissue assist in visual calibration, a subject which has heen discussed repeatedly (Sherrington, 1918; Matin ef al., 1966; Skavenski, 1972; Skavenski et al,, 1972; Brindley et af., 1975; Steinbach and Smith, 1981). It should be emphasized, however, that none of our subjects experienced any movement of the afterimage when tbe eyeball was moved passively in the orbita at speeds from a few deg/sec up to about 300 deg/sec (cf. also Bell, 1823; Purkinje, 1825). In addition to the recalibration process of spatial retinal coordinate values, our experiments revealed a second sfow perceptual phenomenon as mentioned on p. 221: the doubling of the afterimage observed at a saccade frequency above 2 saccadesfsec. There seems to be another space-related process acting in the central visual system which might be important for temporal continuity of pattern and space perception (cf. also MacKay, 1973; Jeannerod et
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aI., i979) This second process seems to fix the visual signal coordinates in space for about 500 msec after the onset of the saccade, regardless of where the next saccade is directed. This mechanism might be useful in guiding motor activity related to the stable “frame” of the extrapersonal space. Ack#owled~en~s-me work was supported in part by a grant of the Deutsche For~hu~gsgemein~~aft (Gr JoI). We thank Mrs J. Dames for her assistance in trandation of the manuscript and Professor M. Steinbach. York University, l&xma4ew, T0ront0, for helpfkf comments on the manu~pt.



REFERENCES Aristotk. Parvu Natura&a: On Dreams. Text and translation in: ArLrto& Works, Vol. VIII, pp. 348-371. Harvard Uuiv. Press, Cambridge, Heinemanu, Londan. Auersperg A. P. and Sprockhog H. (1935) ~~~te~~e Be&rage zur Frage der Konstanz der Sehdinge und ihrer Fundicnmg. @&TS Arch. ges. Physiol. 236, 301-320. Baumgartner G. (1977) Neuronal mechanisms of migrainous visual aura. 1st Pkysioi#g~ca~Aspects of C&&al Nearabgy (Edited by Rose C. F.), pp. 1t 1-f 21. 3kxkwe& Oxford, Bell G. (1823) Gn the motions of the eye, &CIC. R. Sec. 113, I&-186. Beyer Th and GrtIsser Q-J. (1986) Pointing towards a foveal afterimage at different eye positions. To be published. Bischaf N. and Kramer B. (1968) Unte~u~hungen und U~le~~~ zur R~cht~sw~ehmung bei willk&&hen sakkadischeu Au~n~~gungen. &_v&oL Farsch. 32, 19~218. Bock 0. and Eckmilkr R. (1983) Non-visual control of tigertip position in space: The use of retina1 versus rrcufomotor reference inputs Z&X.NeuJafci. A&m. 9* 3 t . Brindley G. S., Goodwin G., Kulikowski J. and Leighton D. (1975) Stability of vision with a paralyzed eye. .f. Physiol., imzd. 253, 65-66.



Brindley G. S. and Lewin W. S. (1968) The sensations produced by electrical simulation of the visual cortex, X Physiof. Limd. I%, 47Q-494. Biicking H. and ~urn~rt~~~ G. (1974) Khnik und Path~phy~olo~e der initialen nettrofogischen Symptome bei Migr&e fMigraine ophtha~mi~a~ Migraine af%ompagnte), Arch. Psychiat. ~e~nhci~k. 2X9, 37-n. Dittler R, (1921) @et die Raumfunktion der Netzhaut in ihrer Abh&igkeit vom Lagegeftihl der Augen und vom Labyrinth. 2. ~~~h~~io~. 52, 27433% Gailey N. (f974) Die R~ht~gsw~me~nn~ von prim& rem Biid und Hering’schem Nachbild im VerJauf schnelier Au~n~wcg~n~. Dr. med. Dissertation, Berlin. Gottschaik Ch.. Gritsser G.-J. and Lindau M. (1978) Tracking movement of the eyes eh&ed by auditory stimuli at a constant anguiar velocity~ Pplgers Arch. ges. Physiol. 377, R46. Griisser O.-J. (1983) Multimodal structure of the extrapersonal space. fn Spat&r@ Oriented ~~~~ar {Edited by Heio A. and Jeannerod M,), pp. 327-357. Springer, Bertin.



226



O.-J. GR~~SSER er al



Grusser O.-J. and Krizif A, (1984) Time constant of perand postsaccadic recalibration of retinal spatial values as measured by a new afterimage method. Inuesr. Ophthat. aisuat Sri.. ARVO Suppi 25, 263 P.



Hallett P. E. and Lightstone A. D. (1976) Saccadic eye movements towards stimuli triggered by prior saccades. Vision Res. 16 99-106.



Hallett P. E. and Lightstone A. D. (1976) Saccadic eye movements to flashed targets. Vision Res. 16, 107-I 14. Hansen R. M. and Skavenski A. A. (1977) Accuracy of eye position information for motor control. Vision Res. 17, 919-926.



Hering E. (1861) Vom Ortssinne der Netzhaut. Beitrage zur Physiologie, Heft 1, Leipzig 80 P. Hering E. (1879) Der Raumsinn und die ~wegungen des Auges. In ~andbuch der Physio~ogie (Edited by Hermann L.), Vol. 3, pp. 343-601. Vogel, Leipzig. Hiilebrand F. (1920) Die Ruhe der Objekte bei Blickbewegungen. Jahrb. Psychial. Neurol. 40, 213-265. Hofmann F. B. (1925) Die Lehre vom Raumsinn des Auges. Springer, Berlin. Hoist E. von and Mittelstaedt H. (1950) Das Reafferenzprinzip. Wechselwirkung zwischen Zentralnervensystem und Petipherie. Naturwjsse~chafzen 37, 464476.



Howard I. P. (1984) Personal communication. Jeannerod M., Kennedy H. and Magnin M. (1979) Corollary discharge: its possible implication in visual and oculomotor interactions. Neuropsychotogia 17, 241-258. Jolly F. (1902) Uber Flimmerskotom und Migraine. Ktin. Wschr. Berlin 39, 973-976.



MiJung R. (1979) Translokation corticaler grainephosphene bei Augen~wegungen und vestibularen Reizen. Neurops.vcho~ogia 17, 173-185. Kaila E. (1923) Die Lokalisation der Objekte bei Bhckhewegungen. Psychot. Forsch. 3, 60-77. Kiillner H. (1923) Uber die Abhlngigkeit der raumlichen Orientierung von den Augenbewegungen. Klin. Wschr., Berlin 2, 482-484.



Lashley K. S. (1941) Patterns of cerebral integration indicated by the scotomes of migraine. Archs Neural. Psychiar., Chicago 46, 331-339.



Mach E. (1886) Die Analyse der Emp~ndungen und das Verhaltnis des Physischen zum Psych&hen. Fischer, Jena. English translation (1959) The Analysis of Sensalions and Ihe Relation of the Physical IO the Psychical.



Dover. New York. MacKay D. M. (1973) Visual stability and voluntary eye movements. In Handbook of Sensory Physiology. Vol. VII 3A, Centrat Processing of Visual Information A. Integrative Functions and Compararbe Data (Edited by Jung R.). pp. 307-331. Springer. Berlin. Matin L. (1972) Eye movement and perceived visual direction. In Handbook of Sensory Physioiogy (Edited by Jameson D. and Hurvich L.). Springer. Berlin.



Matin L.. Matin E. and Pearce D. (1969) Visual perception of direction when voluntary saccades occur. I. Relation of visual direction of a fixation target extinguished before a saccade to a flash presented during the saccade. Percept. Psychophys. 5, 65-80.



Matin L, Matin E. and Pola J. (1970) Visual perception of direction when voluntary saccades occur. II. Relation of visual direction of a fixation target extinguished before a saccade to a subsequent test flash presented before the saccade. Percepr. Psychophys. 8, 9-14. Matin L. and Pearce D. G. (1965) Visual perception of direction for stimuli flashed during voluntary saccadic eye movements. Science. N.Y. 148, 1485-1488. Matin L., Pearce D. G.. Matin E. and Kibler G. (1966) Visual perception of direction: roles of local sign. eye movements and ocuiar propri~eptjon. Vision Res. 6, 453-569. Matin L., Picoult E., Stevens J. K. Edwards M. W. Jr. Young D. and MacArthur R. (1982) Gculoparalytic illusion: Visual field dependent spatial mislocations by human partially paralyzed with curare. Science. N. Y. 216, 198-201. Matin L., Steven J. K. and Picoult E. (1983) Perceptual consequences of experimental extraocular muscle paralysis. In S~t~~iy Oriented Behavior (Edited by Hein A. and Jeannerod M.), pp. 243-262. Springer, Bertin. Nagle M., Bridgeman B. and Stark L. (1980) Voluntary nystagmus, saccadic suppression, and stabilization of the visual world. Vision Res. 20, 717-121. Purkinje J. (1825a) Beobachtungen und Versuche xr Physiotogie der Sinne N: Neue Beitriige zur Kennmiss des Sehens in subjectiver Hinsichr. Reimer. Berlin.



Purkinje J. (1825b) Uber die ~hein~wegungen. welche im subjektiven Umfange des Gesichtssinnes vorkommen. ButI. der nuturwissenschafriichen Sekrion der Schiesisehen Geseiischaft. IV, pp. 9-10.



Richards W. (1971) The fortification illusion of migraine. Scient. Am. 224, 89-96. Sherrington C. S. (1918) Observations of the sensual role of the proprioceptive nerve supply of the extrinsic eye muscles. Brain 41, 332-343. Skavenski A. A. (1972) Inflow as a source of extraretinal eye position info~ation. Vision Res. 12. 221-229. Skavenski A. A., Haddad G. and Steinman R. M. (1972) The extraretinal signal for the visual perception of direction. Percept. Psychophys. 11, 287-290. Sperry R. W. (1950) Neural basis of the spontaneous optokinetic response produced by visual inversion. J. romp. Physiol. Psychot. 43, 482-489.



Stark L. and Bridgeman 8. (1983) Role of corollary discharge in space constancy. Percept. Psychophys. 34, 371-380.



Steinbach M. J. and Smith D. R. (1981) Spatial localization after strabismus surgery: Evidence for inflow. Science,



N. Y. 213, 1407-1409.



























des documents recommandant







[image: alt]





Afterimage movement during saccades in the dark 

Oct 7, 1985 - Aristotle who wrote in his essay, â€œOn dreamsâ€�: â€œAnd if we look at the sun ..... speaker and the following saccades shift goal- directed horizontally ...










 


[image: alt]





Love In The Dark 

Am. Cmaj7 C Cadd9. Everything changed me. Fadd9 G7. Am. I i i i i I don't think you can save me. Â© 2015 Adele Adkins & Samuel Dixon. Am. Am7. C. Cadd9.










 


[image: alt]





WALKING IN THE DARK ? 

response to a request from Bernard BarraquÃ© as part of the second phase of the project â€œWater. Demand in ... less stabilised since 1986 at 4.2 mln. .... â€œzero alternativeâ€� or â€œautonomous developmentâ€� and the â€œmost environmentally friendl










 


[image: alt]





movement perception during voluntary saccadic 

Nov 1, 1972 - that ~1,~ = iv,, it results that red(f) = cSI + g&t) = 1~~ -i- r,(t) = z&). On the other hand, with respect to dispIacement the situation is quite different ...










 


[image: alt]





In vivo muscle fibre behaviour during counter-movement ... - Research 

212 Â± 53. Mean fascicle shortening velocity of. MG in plantar flexion phase (mm s_1). 73 Â± 25. 56 Â± 12. Values are expressed as means Â± S.D. * Significantly ...










 


[image: alt]





Vegetative response during imagined movement is ... - CiteSeerX 

Measurement of cardiac and respiratory activity during mental simulation of locomotion at increasing speed revealed a ... an action mentally is closely similar to the time needed ... this method to be activated during a mentally imagined.










 


[image: alt]





VISUAL CONSTANCY DURING MOVEMENT: 1 ... - CiteSeerX 

null methods it is sensitive, is not too dependent on assumptions of linearity, and ..... THOULESS, R. H. Phenomenal regression to the ccreal" object: 11. Brit. ].










 


[image: alt]





Breaking in the 4-vectors: the four-dimensional movement in 

straightforward way of explaining both of these mysteries. First, we ...... Klein, F. VortrÃ¤ge Ã¼ber den mathematischen Unterricht an den hÃ¶heren Schulen. Leipzig: ...










 


[image: alt]





Perceiving depth order during pursuit eye movement 

This supports the idea that extra-retinal estimates of eye velocity can help disambiguate ordinal depth structure ...... Progress in Neurobiology, 41, 435â€“472.










 


[image: alt]





visual constancy during movement: 2. size 

MEAN CONSTANCY SCORES (Â±SD) FOR ONE OR BOTH EYES. DURING FORWARD MOVEMENT. 0. Sex. One eye. Both eyes. 0. Sex. One eye. Both eyes. 1.










 


[image: alt]





Paradoxical Muscle Movement during Postural Control - Research 

stretch reflexes are central to postural regulation (7â€“10,18,. 35,36). ... 1C), the gravitational moment changes ap- proximately linearly ..... Nashner LM. Adapting ...










 


[image: alt]





Temporal Encoding of Movement Kinematics in the 

paper are the. same as those used in our earlier study, of neuronal specification of ...... Each vector was calculated from the k5 and k6 terms of the model [ 0 =.










 


[image: alt]





Temporal Encoding of Movement Kinematics in the 

Several neurophysiological studies of the primary motor and premotor cortices have shown that the movement paraineters direc- tion, distance, and target ...










 


[image: alt]





Muscle, the motor of movement: properties in 

maybe more important assumption is made implicitly to obtain identical ...... Transactions of the American Philosophical Society 1994;84â€“. :1â€“252. [44] Lewis DM ...










 


[image: alt]





crimea in the dark - Amnesty International USA 

(the single highest executive-representative body of the Crimean Tatars) in ..... Ervin Ibragimov last spoke to his father on the phone at around 11 pm on 24 May.










 


[image: alt]





Orientational manoeuvres in the dark. Dissociating 

These results enable a simple egocentric model of spatial memory to be ... themselves (see Hermer & Spelke, 1994), are sufficient to provide the cognitive basis for .... possible locations on the table, the marker is not seen by the subject.










 


[image: alt]





Abnormalities of predictive saccades in 

Mar 24, 1997 - saccades were normal when directed to a novel target. (reflexive saccade)1,2 or even to the mirror image of the target location (antisaccade).2.










 


[image: alt]





Kowler (1995) The role of attention in programming saccades 

stimuli or tasks at the expense of others (Norman & .... the manual response occurred well after the saccade employed by the subject, something we found to be of ..... differences is that shifts of attention do precede saccades, cost to saccades.










 


[image: alt]





Changes in visual perception at the time of saccades 

neural development. .... Another idea to emerge early in the last century was ... visual analysis, is processed through two largely ... there was a large difference in sensitivity between normal and saccadic viewing, but only at low ..... The influen










 


[image: alt]





Saccadic Inhibition in Voluntary and Reflexive Saccades 

Robinson, D. A. (1972). Eye movements evoked by collicular stimulation in the alert monkey. Vision Research, 12,. 1795â€“1808. Ross, L. E., & Ross, S. M. (1980).










 


[image: alt]





Characteristics of" anti" saccades in man 

between 80 ms and 120 ms (Express saccades) followed by another ... were then left without a visual stimulus for 200 to 500 ms before a ...... Res 27:1745 1762.










 


[image: alt]





The organization of movement 

Multimodal integration. â€¢ Reference frames. â€“ Target position: in fixed frame (earth), but perceived in moving frame (body). â€“ Arm position: in body-related frame.










 


[image: alt]





In the Merit of Serving Hashem during the ... - TorahDoc 

Drush 6) explains the following Gemara (Megillah 13b): ×™×•×œ×’â€œ. ×š×›×™×¤×œ ,×œ×�×¨×©×™ ×œ×¢ ×�×™×œ×§×© ×œ×•×§×©×œ ×Ÿ×ž×” ×“×™×ª×¢×© ... that we read the passage pertaining to the mitzvah of the.










 


[image: alt]





Smeets (2002) Nature of variability in saccades 

Feb 12, 2003 - various sources of variability have different effects on the relatively fixed ... tion is large enough to be distinguished from the other two sources of ..... more than thousand saccades for each experiment, we display the ... bins [a 










 














×
Report Afterimage movement during saccades in the dark





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



