






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Visual fixation offsets affect both the initiation and the ... - Research

frame fitted with a scleral-reflectance eye movement monitor (Ap- plied Science ... monitor was digitized and recorded at a rate of 1000 Hz. After the experimental ... 

















 Télécharger le PDF 






 100KB taille
 1 téléchargements
 253 vues






 commentaire





 Report
























 Springer-Verlag 1998



Exp Brain Res (1998) 118:135±138



RESEARCH NOTE



Jay Pratt



Visual fixation offsets affect both the initiation and the kinematic features of saccades



Received: 21 February 1997 / Accepted: 24 July 1997



Abstract It is well known that the removal of a fixation point prior to the presentation of a peripheral target dramatically reduces saccadic reaction time (SRT). This effect has become known as the ªgap effectº. The present study examined several detailed kinematic variables to determine whether the removal of the fixation point also affects the manner in which saccades are produced. The findings indicate that saccades that were initiated after the removal of the fixation point had higher average velocities and reached greater peak velocities, accelerations, and decelerations than did saccades produced in the presence of the fixation point. The results suggest that the removal of the fixation point may affect the force-time curves of saccades in addition to affecting the time needed to initiate the saccades. Key words Oculomotor ´ Saccade ´ Fixation offset ´ Gap effect



Introduction Saccades are brief, ballistic eye movements that are typically used to shift our gaze quickly from one object to another. In 1967, Saslow discovered that the time to initiate a saccadic eye movement toward a peripheral object varied as a function of the offset of the fixated object relative to the onset of the peripheral object. Saslow found that saccadic reaction times (SRTs) were dramatically faster on trials in which the fixated object was removed just before the appearance of the peripheral object (gap trials) when compared with trials in which the fixated object was removed simultaneously with the appearance of the peripheral object (no-gap trials) or remained throughout the trial (overlap trials). The reduction in SRTs associated with a brief temporal gap between the offset of the fixated J. Pratt Department of Psychology, 100 St. George Street, University of Toronto, Toronto, Ontario, Canada, M5S 3G3, e-mail: [email protected]



object and the onset of the peripheral object has since become known as the ªgap effectº. Since Saslows (1967) original report, the gap effect has consistently been reported in a wide range of studies. In addition to the facilitated SRTs that have been found with saccades to peripheral targets (e.g., Fischer and Ramsperger 1984; Fischer and Weber 1993; Kingstone and Klein 1993b; Reuter-Lornez et al. 1991), facilitated SRTs have also been found with saccades made with central, endogenously defined targets (Forbes and Klein 1996; Abrams et al. in press) and with saccades made to locations opposite that of the peripheral target (ªantisaccadesº; Fischer and Weber 1993; Forbes and Klein 1996; Reuter-Lorenz et al. 1995). Also, gap effects of approximately equal magnitude have been found between younger and older adults (Pratt et al. 1997). Despite the variety of experiments that have examined the gap effect, most of the aforementioned studies share a common feature ± they all examined only the time needed to initiate a saccade. The exceptions to this are the studies by Fischer et al. (1993) and Kingstone and Klein (1993a), both of which examined SRT and saccadic amplitude, and that by Fischer and Weber (1992), which examined SRT, amplitude, and saccade velocity. Fischer et al. found that saccades produced when the fixation point was removed almost never overshot the target, unlike some of the saccades produced when the fixation point remained on. Kingstone and Klein found that saccades with SRTs under 80 ms had much shorter amplitudes than saccades with longer SRTs, but concluded from this and other evidence that the saccades with SRTs under 80 ms were anticipations. In the only study to examine velocity, Fischer and Weber compared normalized velocity measures (calculated by the actual velocity divided by the velocity of the linear regression line at the amplitude of the saccade) of saccades with very short SRTs (i.e., express sacacdes) with saccades with regular SRTs and did not find any difference. Thus, although there is only limited evidence to suggest that the gap effect may affect the kinematic features of saccades, no study has examined the detailed kinematics of saccades produced with and without a fixa-
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tion point. To overcome this dearth in the literature, the present study measured several detailed kinematic features ± saccadic amplitude, duration, average velocity, peak velocity, peak acceleration, and peak deceleration ± in addition to SRT.



Materials and methods Participants Ten Washington University students participated in this study. All participants had normal, uncorrected vision. Each person participated in a single hour-long session and was paid $6 for his or her participation. Apparatus and procedure The experiment was conducted in a dimly lit, sound-proof booth. Participants were seated in front of a video monitor with their heads held steady by a head/chin rest. The distance between the head/chin rest and the video monitor was 44 cm. Participants wore a spectacle frame fitted with a scleral-reflectance eye movement monitor (Applied Science Laboratories, Model 210). Each trial began with the participants fixating on a plus sign at the center of the monitor. After fixating on the plus sign for 300 ms, the plus sign changed into a dot. Eight hundred milliseconds later, a warning tone was presented. In gap trials, the dot was removed from the screen for 200 ms after the warning tone (the ªgapº), after which a new dot was presented at either the left or right peripheral location (7 from fixation). Overlap trials were identical to the gap trials except that the fixation dot remained present for the duration of the trial. Participants were instructed to look to the peripheral dot as soon as it appeared. Eye-movement recording and analysis The eye monitoring procedure was similar to that previously used by Abrams et al. (1989). The analog output from the eye-movement monitor was digitized and recorded at a rate of 1000 Hz. After the experimental session the recorded signal from the eye-movement monitor was then filtered and differentiated using a low-pass filter with an 80 Hz cutoff. The resulting velocity profiles were then analyzed to determine the point in time when saccades occurred. The initiation of a saccade was defined as the first moment after the presentation of the peripheral target dot in which (a) the velocity of the eye exceeded 10/s and (b) subsequently reached 35/s or more for at least 10 ms. The end of a saccade was defined as the first moment in time the velocity of the eye was less than 10/s after the start of the eye movement. Acceleration profiles were obtained by differentiating the velocity profiles. The eye-movement monitor was calibrated at the beginning of each session and the calibration was checked at the beginning of each trial. Design The single session consisted of five blocks of 60 trials each. Half the trials were gap trials and the other half were overlap trials. Thus, each subject contributed a possible 150 observations to each condition. The trials were randomly ordered. The peripheral dot was equally likely to appear to the left or right.



Results and discussion Saccadic reaction time The means of the SRTs are shown in Table 1 and were analyzed with a 2 (trial type: gap or overlap) by 2 (target: right or left) ANOVA. There was a significant gap effect, with faster SRTs in the gap condition than in the overlap condition [F(1,9) = 101, P < 0.0001]. Neither the main effect for target nor the trial type by target interaction was significant [Fs(1,9) < 1.8, Ps > 0.22). The variability of the SRTs was also examined, using standard deviations, with less variability being found in gap trials (31 ms) than in overlap trials (48 ms) [F(1,9) = 18, P < 0.005). Neither the main effect for target nor the trial type by target interaction was significant [Fs(1,9) < 1]. In addition to the variability measures, the saccades produced by each subject in the gap condition were examined for evidence of bimodality in the distribution of SRTs. No evidence of bimodality was observed with 24.7% of the saccades in the gap condition falling in the SRT range of 80±140 ms. Kinematic measures The means of the kinematic measures are also shown in Table 1 and each was analyzed with same 2 by 2 ANOVA that was used with the mean SRTs. There were no main effects for trial type for either saccadic amplitude [F(1,9) < 1] or saccadic duration [F(1,9) < 3.0, P > 0.12]. However, saccades made to right targets traveled a longer distance [F(1,9) = 6.8, P < 0.03] and had a longer duration [F(1,9) = 5.4, P < 0.05]. Neither interaction was significant [Fs(1,9) < 1]. Additionally, the variability of the saccade amplitudes was examined; no main effects for trial type or target [Fs(1,9) < 1] were found and the interaction was not significant [F(1,9) < 2.8, P > 0.12]. Significant main effects for trial type were found, however, for the kinematic measures related to the velocity of the saccades. Saccades produced in gap trials had higher average velocities [F(1,9) = 7.7, P < 0.025] and reached higher peak velocities [F(1,9) = 5.8, Table 1 The mean saccadic reaction tinies, kinematic measures, and error rates for gap and overlap conditions. Standard deviations are reported in parentheses Measure



Gap



Overlap



Reaction time (ms) Amplitude (deg) Duration (ms) Average velocity (deg/s) Peak velocity (deg/s) Acceleration (deg/s/s) Deceleration (deg/s/s) Error rate (%)



165 (31) 6.8 (1.2) 45.5 (6.3) 151 (26.2) 288 (51.8) 1968 (391) 1810 (404) 3.8



206 (48) 6.7 (1.2) 47.1 (8.5) 146 (28.1) 281 (54.5) 1919 (417) 1742 (428) 2.3
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P < 0.04] than did saccades produced in overlap trials. No main effects for target location were found for average velocity or for peak velocity [Fs(1,9) < 2.0, Ps > 0.20]. The interactions were not significant [Fs(1,9) < 1]. The kinematic measures related to the acceleration of the saccades also revealed significant main effects for trial type. Saccades produced in the gap trials had higher peak accelerations [F(1,9) = 6.1, P < 0.04] and higher peak decelerations [F(1,9) = 8.2, P < 0.02]. No main effects for target location were found for these variables [Fs(1,9) < 1], nor were there any significant interactions for either peak acceleration [F(1,9) < 1] or peak deceleration [F(1,9) < 3.6, P > 0.09]. It is possible, however, that the differences in the kinematic measures may have been due to the different SRTs found in the gap and overlap conditions. More specifically, it may have been that the kinematic differences found were due to differences in initiation time in the two conditions rather than to the presence versus absence of the fixation point. To examine this possibility, responses within a range of SRT (160±260 ms) were selected from each of the subjects data for both gap and overlap trials. The mean peak velocity was then calculated for both conditions for each subject and these data were then analyzed with a two-tailed t-test (the peak velocities were collapsed over target location). This analysis revealed that saccades made in gap trials had a higher peak velocity (292/s) than did saccades made in overlap trials (282/s) [t(9) = 2.8, P < 0.02). Thus, the difference was not driven by the kinematic features of the fastest SRT saccades because the difference remained even after these saccades were eliminated from the analysis. About 49% of saccades in gap trials and 77% of responses in overlap trials fell in the SRT range for this analysis. The mean percentage of error trials from each condition is also presented in Table 1. The error rates were analyzed with a 2 (trial type) by 2 (target) ANOVA. A main effect for trial type was found, with more errors occurring in the gap condition (3.8%) than in the overlap condition (2.3%). These errors included eye movements that were initiated in less than 80 ms, those initiated later than 500 ms, and those that did not travel at least one third of the distance toward the target. Virtually all the errors that occurred were due to anticipatory responses (i.e., SRTs less than 80 ms). The finding of higher error rates in the gap condition is consistent with previous research on the gap effect (e.g., Fischer and Ramsperger 1984; Kingstone and Klein 1993a,b). Overall, the results of the analysis of mean SRT revealed a robust facilitation for trials when there was a gap between the offset of the fixation point and the onset of the target compared with trials when the offset of the fixation point and the onset of the target overlapped. This is the traditional gap effect. Importantly, the removal of the fixation point also resulted in saccades that had higher velocities and accelerations than when the fixation point was not removed. The finding of kinematic differences between saccades produced in the gap and overlap condi-



tions indicates that the gap effect is not limited to the initiation of saccades but may also affect the manner in which saccades are produced. The finding that saccades in the gap condition had higher peak velocity, peak acceleration, and peak deceleration values, despite the fact that there was no difference in saccade amplitude, suggests that saccades in the two conditions were produced with different forcetime curves. This suggestion arises from the fact that saccades of less than 10 are made by producing a certain amount of force over a certain amount of time (e.g., Abrams et al. 1989). Thus, it is possible to characterize such saccades in terms of force-time curves. It has been found that saccades of different amplitudes share a ªprototypicalº force-time curve that is rescaled in force and time for a given amplitude (e.g., Abrams 1994). The finding from the present study suggests that the saccades produced in a gap condition may not be rescaled versions of saccades produced in an overlap condition, but rather may be characterized by a separate force-time curve. In other words, the removal of the fixation point may not only reduce saccadic latencies, but might also yield saccades that do not share the same underlying force-time curve as do saccades made when a fixation point remains visible. It should be noted that the kinematic differences found in the present study were obtained under a specific set of conditions (e.g., a warning tone on every trial, naive subjects, spatial uncertainty about the target location) and it remains to be determined how robust the differences will be when these conditions are changed. However, the present finding do suggest that the gap effect should be considered as a factor that may have effects within the oculomotor system beyond simply a reduction in SRT. Acknowledgements This work was supported by grant R29MH4515 from the National Institutes of Health to Richard A. Abrams. The author would like to thank Richard A. Abrams for the use of his equipment and resources in collecting these data, and Ray Klein and Burkhart Fischer for helpful comments on an earlier version of the manuscript.
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