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            Journal of Experimental Psychology: Human Perception and Performance 1993. Vol. 19. No. 1, 63-80 Copyright 1993 by the American Psychological Association, Inc. 0096-1523/93/J3.00 Bistability and Hysteresis in the Organization of Apparent Motion Patterns Howard S. Hock, J. A. Scott Kelso, and Gregor Schoner In a paradigm for which 2 distinct patterns are perceived for the same stimulus, perceptual hysteresis (persistence of a percept despite parameter change to values favoring the alternative pattern) and temporal stability (persistence despite intrinsic propensities toward spontaneous change) are interdependent. Greater persistence during parameter change reduces temporal sta- bility, slowing the rate of parameter change reduces hysteresis by increasing opportunity for spontaneous change, and increasing temporal stability (by enlarging the stimulus) increases hysteresis. Hysteresis results in the perception of parametrically disfavored patterns; a parameter can influence a percept without specifying it. The visual system thus exhibits time-dependent behavior analogous to dynamical behavior observed in other systems, both physical and biolog- ical, for which there is competition among alternative patterns that vary in relative stability. In this article we introduce a new methodology for study- ing perceptual hysteresis and report experimental results that demonstrate the interdependence of perceptual hyster- esis and spontaneous perceptual reorganization. These re- sults point to the importance of perceptual stability in de- scribing the behavior of the visual system. In addition, this methodology provides a means for demonstrating that spa- tial geometry can have a nonspecifying influence on the organization of motion patterns by providing a context that affects the operation of visual mechanisms without defining the perceptual pattern produced by those mechanisms. Perceptual stability is generally studied under conditions of multistability, that is, when more than one perceptual organization can be imposed on a stimulus (Attneave, 1971). It refers to the continued perception of a pattern despite the occurrence of intrinsic and extrinsic events that might result in the perception of an alternative pattern. A sufficiently stable percept can persist for an extended period of time, but eventually events arising within the visual sys- tem can be of sufficient magnitude for the stability to be lost, which produces a spontaneous reorganization in which the alternative pattern is perceived. Such reorganizations have been variously attributed to the intrinsic flexibility of organizational mechanisms, a kind of perceptual intelli- gence (Kohler, 1930/1971), neural satiation (Kohler & Wallach, 1944), stochastic influences (DeMarco et al., 1977; Taylor & Aldridge, 1974), and awareness of an alternative to Howard S. Hock and J. A. Scott Kelso, Department of Psychol- ogy and Center for Complex Systems, Florida Atlantic University; Gregor Schoner, Institut fiir Neuroinformatik, Ruhr-Universitat Bochum, Federal Republic of Germany. This research was supported in part by National Institutes of Mental Health (Neurosciences Research Branch) Grant MH 42900-01, Biomedical Research Support Grant RR 07258, and U.S. Office of Naval Research Contract N00014-88-J-1191. We thank thank Stacey Pallo for suggesting Experiment 3, and Betty Tuller, Lewis Shapiro, Sao Luis Castro, Gunther Balz, and Shaul Hochstein for their careful reading of an earlier version of this article. Correspondence concerning this article should be addressed to Howard S. Hock, Department of Psychology, Florida Atlantic Uni- versity, Boca Raton, Florida 33431. the initial percept (Girgus, Rock, & Egatz, 1977). Regard- less of the cause, the likelihood of a percept spontaneously changing can be characterized in terms of its temporal sta- bility (low temporal stability implies a brief interval until there is a spontaneous change in organization). A stable percept can persist despite changes in extrinsic stimulus parameters. This can be observed as both percep- tual constancy and hysteresis. In experiments that demon- strate hysteresis, values of a critical parameter are gradually increased and decreased.' For example, Fender and Julesz (1967) gradually increased and decreased retinal disparity in studying the fusion of random stereograms. In studying the perception of coherent motion in random cinematograms, Williams, Phillips, and Sekuler (1986) gradually increased and decreased the proportion of dots whose direction of motion was selected (randomly) from a restricted range of possible directions. An initial percept is established at either extreme of these parameters, and gradual changes in the parameter's values eventually result in a change to the al- ternative percept. The general finding is that the initial per- cept persists even though the current value of the parameter might favor the alternative percept. Hysteresis and multistability are essential temporal prop- erties of percepts. Hysteresis carries the recent history of the percept into the present, and multistability reflects its im- mediately available future states. Nonetheless, perceptual hysteresis effects have been studied only minimally, and in particular there are no experimental studies that demonstrate the relationship between hysteresis, which reflects the per- sistence of percepts despite changes in extrinsic parameters, and temporal stability, which reflects the persistence of per- cepts despite propensities toward spontaneous change aris- ing within the visual system (so perceptual reorganization occurs even when parameter values remain constant). This ' Psychophysicists have long been aware that their results de- pend on the direction of parameter change, but their concerns are more practical than theoretical. Thus, they recognize the potential "artifacts" inherent in the method of limits, for which parameter values are presented in sequential order, and avoid these problems through the method of constant stimuli, for which parameter values are presented in random order (e.g., Coren & Ward, 1989). 63 
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Journal of Experimental Psychology:Human Perception and Performance1993. Vol. 19. No. 1, 63-80
 Copyright 1993 by the American Psychological Association, Inc.0096-1523/93/J3.00
 Bistability and Hysteresis in the Organization of Apparent Motion PatternsHoward S. Hock, J. A. Scott Kelso, and Gregor Schoner
 In a paradigm for which 2 distinct patterns are perceived for the same stimulus, perceptualhysteresis (persistence of a percept despite parameter change to values favoring the alternativepattern) and temporal stability (persistence despite intrinsic propensities toward spontaneouschange) are interdependent. Greater persistence during parameter change reduces temporal sta-bility, slowing the rate of parameter change reduces hysteresis by increasing opportunity forspontaneous change, and increasing temporal stability (by enlarging the stimulus) increaseshysteresis. Hysteresis results in the perception of parametrically disfavored patterns; a parametercan influence a percept without specifying it. The visual system thus exhibits time-dependentbehavior analogous to dynamical behavior observed in other systems, both physical and biolog-ical, for which there is competition among alternative patterns that vary in relative stability.
 In this article we introduce a new methodology for study-ing perceptual hysteresis and report experimental resultsthat demonstrate the interdependence of perceptual hyster-esis and spontaneous perceptual reorganization. These re-sults point to the importance of perceptual stability in de-scribing the behavior of the visual system. In addition, thismethodology provides a means for demonstrating that spa-tial geometry can have a nonspecifying influence on theorganization of motion patterns by providing a context thataffects the operation of visual mechanisms without definingthe perceptual pattern produced by those mechanisms.
 Perceptual stability is generally studied under conditionsof multistability, that is, when more than one perceptualorganization can be imposed on a stimulus (Attneave,1971). It refers to the continued perception of a patterndespite the occurrence of intrinsic and extrinsic events thatmight result in the perception of an alternative pattern. Asufficiently stable percept can persist for an extended periodof time, but eventually events arising within the visual sys-tem can be of sufficient magnitude for the stability to belost, which produces a spontaneous reorganization in whichthe alternative pattern is perceived. Such reorganizationshave been variously attributed to the intrinsic flexibility oforganizational mechanisms, a kind of perceptual intelli-gence (Kohler, 1930/1971), neural satiation (Kohler &Wallach, 1944), stochastic influences (DeMarco et al., 1977;Taylor & Aldridge, 1974), and awareness of an alternative to
 Howard S. Hock and J. A. Scott Kelso, Department of Psychol-ogy and Center for Complex Systems, Florida Atlantic University;Gregor Schoner, Institut fiir Neuroinformatik, Ruhr-UniversitatBochum, Federal Republic of Germany.
 This research was supported in part by National Institutes ofMental Health (Neurosciences Research Branch) Grant MH42900-01, Biomedical Research Support Grant RR 07258, andU.S. Office of Naval Research Contract N00014-88-J-1191.
 We thank thank Stacey Pallo for suggesting Experiment 3, andBetty Tuller, Lewis Shapiro, Sao Luis Castro, Gunther Balz, andShaul Hochstein for their careful reading of an earlier version ofthis article.
 Correspondence concerning this article should be addressed toHoward S. Hock, Department of Psychology, Florida Atlantic Uni-versity, Boca Raton, Florida 33431.
 the initial percept (Girgus, Rock, & Egatz, 1977). Regard-less of the cause, the likelihood of a percept spontaneouslychanging can be characterized in terms of its temporal sta-bility (low temporal stability implies a brief interval untilthere is a spontaneous change in organization).
 A stable percept can persist despite changes in extrinsicstimulus parameters. This can be observed as both percep-tual constancy and hysteresis. In experiments that demon-strate hysteresis, values of a critical parameter are graduallyincreased and decreased.' For example, Fender and Julesz(1967) gradually increased and decreased retinal disparity instudying the fusion of random stereograms. In studying theperception of coherent motion in random cinematograms,Williams, Phillips, and Sekuler (1986) gradually increasedand decreased the proportion of dots whose direction ofmotion was selected (randomly) from a restricted range ofpossible directions. An initial percept is established at eitherextreme of these parameters, and gradual changes in theparameter's values eventually result in a change to the al-ternative percept. The general finding is that the initial per-cept persists even though the current value of the parametermight favor the alternative percept.
 Hysteresis and multistability are essential temporal prop-erties of percepts. Hysteresis carries the recent history of thepercept into the present, and multistability reflects its im-mediately available future states. Nonetheless, perceptualhysteresis effects have been studied only minimally, and inparticular there are no experimental studies that demonstratethe relationship between hysteresis, which reflects the per-sistence of percepts despite changes in extrinsic parameters,and temporal stability, which reflects the persistence of per-cepts despite propensities toward spontaneous change aris-ing within the visual system (so perceptual reorganizationoccurs even when parameter values remain constant). This
 ' Psychophysicists have long been aware that their results de-pend on the direction of parameter change, but their concerns aremore practical than theoretical. Thus, they recognize the potential"artifacts" inherent in the method of limits, for which parametervalues are presented in sequential order, and avoid these problemsthrough the method of constant stimuli, for which parameter valuesare presented in random order (e.g., Coren & Ward, 1989).
 63
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 relationship is important because the two phenomena,though potentially separable, are functionally interdepen-dent influences on the stability of perceptual patterns. Thatis, although it is logically possible for hysteresis to be ob-served under conditions in which there is very high temporal.stability (no spontaneous change) and vice versa, we showin this article that hysteresis modifies the likelihood of spon-taneous perceptual change, and we further show that theoccurrence of spontaneous changes in organization modifiesthe magnitude of the hysteresis.
 The initial objective of this study is therefore to establishthe interdependence of hysteresis and temporal stability andto do so in the context of a paradigm that minimizes someof the experimental limitations and interpretive problemsassociated with earlier studies of perceptual hysteresis. Onerequirement is the systematic variation of stimulus param-eters. Fisher (1967) reported hysteresis for a series of man-woman reversible figures, but it is difficult to assess theeffect of gradually changing the value of a parameter for thisexample because different aspects of the figures changehaphazardly from one figure to the next. Another, moredifficult problem concerns the distinction between percep-tual hysteresis and hysteresis in the subject's response; sub-jects continually responding to gradual changes in a param-eter may persevere in their response even after their percepthas changed. To limit this problem, Fender and Julesz(1967) and Williams et al. (1986) changed the values oftheir manipulated parameters very slowly. This solution,however, is too restrictive. It does not allow one to test theeffect of rate of parametric change on perceptual hysteresis(as we do in Experiment 6) because rate of change alsoinfluences susceptibility to hysteresis in responding. Stillanother problem is decision uncertainty. Are hysteresis ef-fects truly perceptual, or do subjects persist in an earlierdecision while the varying parameter passes through valuesfor which subjects are uncertain about what they are seeing?It is possible that the hysteresis effects obtained by Fenderand Julesz (1967) and Williams et al. (1986) involve deci-sional as well as perceptual components.
 Our second objective is to demonstrate that experimentalparadigms assessing perceptual stability can provide evi-dence for a nonspecific perceptual influence of stimulusinformation. The specifying function of the stimulus hasbeen articulated through ecological (Gibson, 1966, 1979)and computational (Marr, 1982) perspectives. We provideevidence that visual information can influence perceptionby providing a nonspecifying context that shapes the oper-ation of intrinsic visual mechanisms without defining theirfinal product. Nonspecifying stimulus information mightfavor one percept in relation to another, but the informationin the stimulus is not sufficient to account for what isperceived. We show that when hysteresis is observed underconditions of high temporal stability, patterns are perceivedthat are not specified by the stimulus.
 To provide evidence for a nonspecific influence of a ma-nipulated parameter, it is necessary to know that subjects'responses are not based on the detection of the parameteralone. For example, in the Williams et al. (1986) study ofhysteresis, the manipulated parameter was the proportion of
 dots whose direction of motion was selected from a re-stricted range of possible directions; when subjects reportedthat they perceived coherent motion, it was in the directionof the mean of this restricted range of directions. Subjects'reports of coherent global motion in this experiment mightindeed have been due to a nonspecific influence of themanipulated parameter on intrinsic organizational pro-cesses; Williams et al. proposed intrinsic mechanisms in-volving nonlinear excitatory and inhibitory interactionsamong units that detect motion. If, however, their subjectswere reporting nothing more than the detection of the stron-gest directional component in the display (Williams et al.'sparametric manipulation varies the prominence of this com-ponent), the influence of the manipulated parameter wouldhave been specific rather than nonspecific. To demonstratethe nonspecific influence of the manipulated stimulus pa-rameter in our experiments, we use a paradigm for whichparameter values are not perceptually confusable with themotion patterns observed as values of the parameter arechanged.
 We study hysteresis, bistability, and spontaneous changesin perceptual organization through the use of a classicalparadigm in which points of light are presented in corners ofan imaginary rectangle, and apparent motion is seen invertical or horizontal directions (Hoeth, 1968; Kruse, Sta-dler, & Wehner, 1986; Ramachandran & Anstis, 1985; vonSchiller, 1933). Two point lights are presented at a time, onepair from two of the diagonally opposite corners of therectangle and then after a brief delay a second pair from theother two diagonally opposite corners of the rectangle (fol-lowing Anstis & Ramachandran, 1987, we refer to thesestimuli as quartets, or motion quartets). Although the si-multaneous perception of horizontal and vertical motion is alogical possibility for these stimuli, only one or the othermotion direction is perceived. That is, parallel motions areseen either in opposite vertical or opposite horizontal direc-tions (see Figure 1). The exclusivity of vertical and hori-
 ALTHOUGH IT IS LOGICALLY POSSIBLE,VERTICAL AND HORIZONTAL MOTION ARE
 NEVER PERCEIVED AT THE SAME TIME
 • D
 EITHER VERTICAL MOTIONIS PERCEIVED
 OR
 HORIZONTAL MOTIONIS PERCEIVED
 Figure I. Illustrative motion patterns for the motion quartetdisplays.
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 zontal motion implies that the two directional axes are mu-tually inhibitory for motion quartets.
 The parameter that varies in our experiments is the aspectratio of the rectangular configuration of point lights. Theaspect ratio is determined by dividing the vertical separationby the horizontal separation between the locations of thepoint lights (the horizontal separation remains constantthroughout; we vary the aspect ratio by varying the verticalseparation). When the vertical separation is small in relationto the horizontal separation, the perception of vertical mo-tion is favored. When the vertical separation is large inrelation to the horizontal separation, the perception of hor-izontal motion is favored. However, hysteresis observedunder conditions of high temporal stability shows that thisinfluence of stimulus geometry is easily altered. This formsthe basis for our conclusions with regard to the nonspecificinfluence of stimulus geometry on the perceived motionpatterns.
 We report the results of two sets of experiments. The firstfour experiments (a) establish values of the parameter forwhich the motion quartets are bistable and provide evidencethat the likelihood of spontaneous change (i.e., temporalstability) varies as a function of the manipulated parameter;(b) demonstrate that strong perceptual hysteresis effects canbe obtained when stimulus change is unidimensional, anddecisional and response-perseveration effects are minimizedas experimental factors; (c) indicate that the obtained hys-teresis is not the result of differences in trial duration; and(d) show that hysteresis is not the inevitable result of grad-ual parametric change. The last three experiments examinethe interdependence of hysteresis and temporal stability. InExperiment 5, we show that when a percept persists eventhough the parameter changes to values that favor the alter-native percept, the temporal stability of the percept de-creases (i.e., the likelihood that the percept will undergo aspontaneous change increases). In Experiment 6, we pro-vide evidence that the magnitude of the hysteresis is reducedwhen slowing the rate of parameter change allows moreopportunity for the occurrence of spontaneous change, andin Experiment 7 we show that increases in temporal stabilityare correlated with increases in the magnitude of hysteresis.
 Experiments 1A and IB
 Randomly Ordered Presentations
 Bistability in the perceptual organization of apparent mo-tion (seeing two different motion patterns for the samestimulus) has been reported in many paradigms (e.g.,Gerbino, 1981; Gorea & Lorenceau, 1984; Mather, Ca-vanagh, & Anstis, 1985; Pantle & Picciano, 1976) other thanthe motion quartets studied in this article. The purpose ofthis pair of experiments was to determine the range ofparameter values, the aspect ratios of the configuration ofpoint lights, for which motion quartets are bistable. Thesequence of parameter values was random to provide a basis
 for determining (in subsequent experiments) whether thesequential change of parameter values extended the range ofbistability. For each value of the parameter, we derived ameasure of bistability (the relative likelihood of each mo-tion pattern) and showed that this measure is related to thefrequency of spontaneous perceptual change from one mo-tion pattern to the other.
 Method
 The stimuli were point lights presented on a Macintosh II RGBmonitor and viewed from a distance of 80 cm (maintained by ahead restraint). Each point light corresponded to 1 pixel (visualangle 1.6 min). As indicated previously, points of light were pre-sented at the four corners of an imaginary rectangle, one pair fortwo of the diagonally opposite corners of the rectangle and thenafter a brief delay a second pair for the other two diagonallyopposite corners. Each display cycle comprised the following four-frame sequence: point lights for the left-diagonal corners of theimaginary rectangle for 195 ms; blank screen for 45 ms; pointlights for the right-diagonal corners of the imaginary rectangle for195 ms; blank screen for 45 ms.
 The horizontal separation of the point lights was always 4 pixels(visual angle 6.4 min) in this and all subsequent experiments (otherthan Experiment 7); the vertical separation of the point lightsvaried from 2 to 8 pixels (3.2-12.8 min). The displays were tiny tominimize the effects of eye position on the perceived motionpattern (Ellis & Stark, 1978; Gale & Findlay, 1983). Nonetheless,vertical and horizontal motion were easily discriminated. The ver-tical separation of the point lights remained constant within a trial,regardless of the number of times each display cycle was repeated;it was either 2, 3, 4, 5, 6, 7, or 8 pixels (resulting in aspect ratiosthat varied from 0.5 to 2.0).
 In Experiment 1A there were two blocks of 539 randomly or-dered trials in each of four daily sessions. Each four-frame displaycycle was presented either 1, 2, 3, 4, 5, 6, or 7 times per trial. Forone block, subjects responded yes if they clearly saw verticalmotion anytime during the trial; otherwise they responded no. Forthe second block of trials, subjects responded yes if they sawhorizontal motion anytime during a trial. The order of each ses-sion's yes-vertical and yes-horizontal blocks was alternated onsuccessive sessions and balanced across subjects.
 Experiment IB tested for spontaneous changes in the perceivedpattern. The same stimuli were presented as before except that eachfour-frame display cycle was presented either 2, 3, 4, 5, 6, or 7times per trial (two is the minimum number of display cycles thatpermits seeing a change in motion direction). Subjects respondedyes if they saw both vertical and horizontal motion sometimeduring the trial (i.e., if they saw a change in motion direction);otherwise they responded no. There were two blocks of 462 trialsin each of four daily sessions.
 Two students at Florida Atlantic University (SP and JG) partic-ipated in this experiment. Their results closely matched thoseobtained in a pilot version of the experiment for a third subject.The subjects were naive with regard to the purpose of the exper-iment but had previous practice observing these stimuli and re-porting spontaneous changes in the perceived motion pattern.
 Results
 In this as well as all of the subsequent experiments re-ported in this article, subjects never saw anything interme-diate between vertical and horizontal motion (e.g., an
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 oblique motion path). The two motion patterns were per-ceptually distinct. The proportion of trials in Experiment 1Afor which subjects reported seeing horizontal motion andthe proportion of trials for which they reported seeing ver-tical motion (judgments of horizontal and vertical wereobtained in separate blocks of trials) are presented in the toppanel of Figure 2. These data are averaged across trials withdifferent numbers of display cycles because the same pat-tern of results was obtained regardless of the number ofdisplay cycles per trial.2 The results demonstrate that verti-cal motion was seen for relatively small aspect ratios, hor-izontal motion was seen for relatively large aspect ratios,and both were seen for intermediate aspect ratios (1.0 and1.25).
 Another way in which bistability was demonstrated isthrough spontaneous changes in the perceived pattern whilethe stimulus display remained unchanged (Experiment IB).Note that these spontaneous changes were perceptuallyabrupt. That is, there was no perceptual experience of anintermediate phase during which the subject was uncertainabout what was seen. The quantitative results for Experi-ment IB, which are presented in the middle panel of Figure2, indicate that the proportion of trials for which there wasat least one change in the perceived motion pattern in-creased with the number of times per trial that each displaycycle was presented; a spontaneous change was more likelywhen there was more opportunity for one to occur.3
 In the bottom panel of Figure 2, the proportions of trialswith at least one spontaneous change (averaged across trialswith different numbers of display-cycle repetitions) areshown together with a measure of bistability derived fromthe results of Experiment 1A. The latter measure is thedifference in the proportion of yes-vertical and yes-horizontal responses (recall that these proportions were ob-tained in different blocks of trials). When this difference isrelatively small (ignoring the sign of the difference), it in-dicates that both motion patterns are frequently perceivedfor the same value of the manipulated stimulus parameter.These data show that spontaneous changes from the initiallyperceived pattern to the alternative pattern occur primarilyfor aspect ratios of 1.0 and 1.25, which is where the stimuliare most clearly bistable. Thus, the results of Experiments1A and IB converge in indicating that the bistable boundarythat separates the two motion patterns is relatively narrowwhen values of the stimulus parameter are presented inrandom order. If the spatial geometry of the quartet stimulidetermines the perceived motion direction through a prox-imity rule in which motion correspondences are establishedover the shortest possible path (Ullman, 1978, 1979), therange of parameter values for which there is poor spatialresolution (so that both vertical and horizontal correspon-dences are possible) is very narrow.
 Experiment 2
 Modified Method of Limits
 The purpose of this experiment was to show for the samestimuli as before that the motion pattern that is seen depends
 on how the stimulus parameter is changed over time. Morespecifically, we tested for hysteresis, which occurs when thevalues of a stimulus parameter are changed gradually andwhat is seen depends on the direction of change. Hysteresisis indicated when the transition from Pattern A to Pattern B,which is observed when the parameter is gradually in-creased, occurs at a higher parameter value than the transi-tion from B to A, which is observed when the parameter isgradually decreased.
 Method
 Stimuli. In the introduction we discussed several potentialmethodological problems associated with the study of hysteresis.The first concerns the need to study perceptual changes that re-sult from varying the values of only one stimulus parameter. InExperiment 2, we did this by increasing or decreasing the verticalseparation between the point lights on consecutive display cycleswithin the same trial, thereby increasing or decreasing the aspectratio of the rectangular configuration of point-light locations.Separate ascending trials (the vertical separation between thepoint lights increased by 1 pixel on consecutive display cycles)and descending trials (the vertical separation decreased by 1 pixelon consecutive display cycles) were presented within randomlyordered blocks of trials.
 A second methodological problem concerns the potential forconfounding perceptual hysteresis with hysteresis in responding.We minimized the problem in this experiment by introducing amodification of the psychophysical method of limits. Trials withdescending series all began with an 8-pixel vertical separation (anaspect ratio of 2.0, which strongly favors the perception of hori-zontal motion) and ended with a vertical separation of either 7, 6,5, 4, 3, or 2 pixels (endpoint aspect ratios of 1.75, 1.5, 1.25, 1.0,0.75, or 0.5, respectively). For example, a descending trial withsix display cycles proceeded through the following sequence ofvertical separations: 8-7-6-5-4-3. Trials with ascending series allbegan with a 2-pixel vertical separation (an aspect ratio of 0.5,which strongly favors the perception of vertical motion) andended with a vertical separation of either 3, 4, 5, 6, 7, or 8 pixels(endpoint aspect ratios of 0.75, 1.0, 1.25, 1.5, 1,75, or 2.0, re-spectively). For example, an ascending trial with five display cy-cles proceeded through the following sequence of vertical separa-tions: 2-3-4-5-6. Thus, both ascending and descending seriesvaried with regard to how deeply they probed into the range ofaspect ratios that would lead to a transition from one pattern be-ing perceived to the other. With this trial structure, subjects madeone response to an entire ascending or descending run; they didnot execute a response at each step in the gradually changing se-ries, as in the standard method of limits procedure. Because therewas no relation between when subjects saw the perceptual changeand when they reported it through their response, observed
 2 Data for trials with only one display cycle are omitted from thefinal data tabulation because the brevity of these trials sometimesresulted in subjects being uncertain of what they had seen. This didnot affect the overall pattern of results.
 3 This observation is the basis for Hock and Voss's (1990) de-termination that the probability of a spontaneous perceptual reor-ganization can remain constant over time, which is contrary toKohler and Wallach's (1944) neural satiation hypothesis.
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 EXPERIMENT 1RANDOMLY-ORDERED PRESENTATIONS
 £?O toQC LJJCL >-
 0.5
 JUDGINGVERTICALMOTION
 JUDGINGQ HORIZONTAL
 MOTION
 1.0 1.5
 ASPECT RATIO
 1.0 1.5
 ASPECT RATIO
 2.0
 MEASURE OFBISTABILITY
 FREQUENCYOF SWITCHES
 1.0 1.5
 ASPECT RATIO
 1.0 1.5
 ASPECT RATIO
 2.0
 SUBJECT SP
 ASPECTRATIO =1.0
 ASPECTRATIO =1.25
 2 3 4 5 6 7 2 3 4 5 6 7
 NUMBER OF DISPLAY CYCLE REPETITIONS PER TRIAL
 Figure 2. The top panel shows the proportion of yes-vertical and yes-horizontal responses inExperiment 1A as a function of the aspect ratio of the point-light configuration. The bottom panelshows the frequency of spontaneous changes in Experiment IB as a function of the number ofdisplay cycle repetitions (to improve readability, data are omitted for aspect ratios for which theproportion of trials with a perceived change in motion direction is below 15% for all values of thenumber of display cycle repetitions variable). The middle panel shows the mean frequency ofspontaneous changes in perceived motion direction graphed in relation to a measure of bistability(the difference in frequency of yes-vertical and yes-horizontal responses) as a function of aspectratio.
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 effects of parameter change involved perceptual hysteresis uncon-taminated by response hysteresis.
 The third methodological problem concerns the possibility thathysteresis can be due to subjects persisting in the same decisionwhile the stimulus parameter passes through values for whichthey are uncertain of what they are seeing. Although there is noobvious way of completely eliminating this as a possibility, webelieve that effects of decision uncertainty are minimized for thestimuli studied in this and the following experiments. This is be-cause when the perceived motion pattern changed, either sponta-neously or in response to changes in the stimulus parameter, therewas rarely, if ever, an intermediate phase during which subjectswere uncertain about what they were seeing. Subjects saw onemotion pattern and then suddenly they saw the other motion pat-tern. If there were some moments of uncertainty, they were briefcompared with the time scale (measurable in display cycles) atwhich spontaneous changes and hysteresis effects were observed.
 Design. There were two blocks of 240 trials in each of fourdaily sessions. For one block, subjects responded yes if they sawvertical motion anytime during the trial; otherwise they re-sponded no. For the second block of trials, subjects respondedyes if they saw horizontal motion anytime during a trial. The or-der of each session's yes-vertical and yes-horizontal blocks werealternated on successive sessions and balanced across subjects.
 Subjects. SP and GB, the latter also a student at Florida At-lantic University, participated in this experiment.
 Results
 For trials with descending series, all of which began withan aspect ratio of 2.0, yes-horizontal responses were madeon 99.9% of the trials; this was also the case for yes-verticalresponses for the ascending series, which began with anaspect ratio of 0.5. These results support our expectation forthese aspect ratios that descending trials always begin withhorizontal motion and ascending trials always begin withvertical motion (the very slight departures from 100% areprobably due to occasional response errors).
 The analysis of hysteresis therefore involved determininghow often yes-horizontal responses were made for ascend-ing trials, which began with vertical motion, and how oftenyes-vertical responses were made for descending trials,which began with horizontal motion. The results provideclear evidence for hysteresis (top panel of Figure 3). Forascending trials, switches from perceiving vertical to per-ceiving horizontal motion did not occur until the endpointaspect ratio became relatively large. Conversely, for de-scending trials, switches from the perception of horizontalmotion to the perception of vertical motion did not occuruntil the endpoint aspect ratio became relatively small (notethe reversal of the axis for the descending series).4 Thus,what is perceived depends on the direction of change. Forexample, when the endpoint aspect ratio was 1.25, onlyhorizontal motion was seen on most of the descending trials,but only vertical motion was seen on most of the ascendingtrials. In contrast to the relatively narrow range of bistabilityobserved when parameter values were randomly changed(Experiment 1), bistability was indicated in this experimentover almost the entire range of aspect ratios that had beenstudied.
 Experiment 3
 Modified Method of Limits With Variable StartingPoints
 In Experiment 2, both the ascending and descending trialsvaried with regard to the number of display cycles per trial.As a result, trials with relatively little change in aspect ratiowere briefer than trials for which the change in aspect ratiowas relatively large. Given our evidence for spontaneouschanges in the perceived motion pattern when the parametervalue remained constant (Experiment IB), it could be ar-gued that the apparent hysteresis obtained in Experiment 2was due to differences in the duration of trials rather thandifferences in the direction in which the stimulus parameterwas changed; trials lasting longer allow more opportunityfor spontaneous changes. In the descending series, for ex-ample, the persistence of the initially horizontal patternthrough the 1.25 aspect ratio (5-pixel vertical separation)might be due to the infrequent occurrence of spontaneouschanges for relatively brief trials with only four displaycycles (8-7-6-5). Perceptual change might be more likelyto occur for descending trials with smaller endpoint aspectratios simply because those trials happen to be of longerduration.
 To rule out the possibility that the obtained hysteresis wasan artifact of trial duration, this experiment included a set oftrials with descending series that began with a relativelylarge vertical separation (12 pixels; aspect ratio of 3.0) andthen decreased in separation down to and through the rangeof endpoint aspect ratios tested in Experiment 1. If theappearance of hysteresis is the artifactual result of differ-ences in trial duration, then hysteresis would not be ob-served for these descending trials because there would beample time for spontaneous changes to occur (as a functionof trial duration) before the aspect ratio reached the range ofvalues near the boundary between the two motion patterns.
 Method
 There were three sets of randomly mixed trials in this experi-ment, two descending and one ascending. For the ascending series,all trials began with a 2-pixel vertical separation (as before), forone descending series all trials began with an 8-pixel verticalseparation (also as before), and for a new descending series alltrials began with a 12-pixel separation. Endpoint vertical separa-tions were either 3 to 7 pixels for the ascending series and either7, 6, 5, 4, 3, or 2 pixels for both descending series. For all threeseries, the horizontal separation between the dots remained con-stant at 4 pixels, and the vertical separation changed in 1-pixelsteps on consecutive display cycles. For example, a trial with eightdisplay cycles in the new descending series proceeded through thefollowing sequence of vertical separations: 12-11-10-9-8-7-6-5.
 The subjects' response criterion in this experiment differed fromthat of Experiment 2. They now responded yes only when they sawboth vertical and horizontal motion during the same trial (i.e.,
 4 Metzger (1941/1975) reported similar effects for the same kindof display. However, his description of procedures and results isscanty and nonquantitative.
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 Figure 3. Hysteresis effects obtained in Experiments 2 (top panel) and 3 (bottom panel). (Theaspect ratio is changed by 0.25 on successive display cycles by varying the vertical separationbetween the dots. The axis on the left side of each graph indicates changes from the perception ofvertical motion to the perception of horizontal motion for ascending trials. The inverted axis on theright side of each graph indicates changes from the perception of horizontal motion to the perceptionof vertical motion for descending trials. SP, GB, and JG are the subjects.)
 when they saw a change in motion direction). Because it wasconfirmed in Experiment 2 that the descending series always be-gins with the perception of horizontal motion (when the initialaspect ratio is 2.0) and the ascending series always begins with theperception of vertical motion (when the initial aspect ratio is 0.5),the new response criterion was logically equivalent to that of theprevious experiment but allowed us to obtain more data for themeasurement of hysteresis. There were two experimental sessions
 with two blocks of 252 trials per session. The subjects (SP and JG)were aware of the outcome of Experiment 2.
 Results
 The bottom panel of Figure 3 shows that hysteresis wasobtained again. As in Experiment 2, gradually increasing
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 and decreasing the values of the stimulus parameter ex-panded the range of values for which both motion patternscould be seen. For Subject SP, the results for the descendingseries starting with aspect ratios of 3.0 and 2.0 were virtu-ally identical. For Subject JG, there was a small elevation inswitches to vertical motion for the descending series begin-ning with the 3.0 aspect ratio, but the hysteresis was re-tained. The results therefore indicate that trial duration wasnot a factor in the hysteresis obtained with our modifiedmethod of limits procedure.
 Experiment 4
 Modified Method of Limits: Mixed Versus BlockedAscending and Descending Trials
 Although there are relatively few published reports ofperceptual hysteresis, the robustness of the effect when it isobserved (either formally or informally) may suggest that itis the inevitable result of gradually changing a critical stim-ulus parameter. In this experiment, we show that this is notthe case by using the same stimuli that provided strongevidence for hysteresis in the preceding experiments. Theonly change is that we now restrict the direction with whichthe change can occur. That is, ascending trials, for whichparameter values were gradually increased, were segregatedfrom and presented in separate blocks from descendingtrials, for which parameter values were gradually decreased.
 Method
 The stimuli presented in this experiment were as first describedin Experiment 2. There were three conditions, one with a block of180 ascending trials (30 for each of the six endpoint aspect ratios),one with a block of 180 descending trials (again 30 for each of thesix endpoint aspect ratios), and one with a random mixture of 180ascending and 180 descending trials. The blocked-ascending,blocked-descending, and mixed ascending-descending conditionswere tested on separate days to minimize interactions among them.The conditions were each tested twice, with the order varying forthe three participating subjects. Data for the first 30 ascending andfirst 30 descending trials in each session were excluded from thefinal data tabulation. At the end of each trial, subjects reportedwhether they had seen a change in the perceived direction ofmotion anytime during the trial. Subjects HH, KE, and SP partic-ipated in this experiment; KE and SP were unaware of its purpose.
 Results
 The results of the mixed ascending-descending condition,presented in Figure 4, replicate the hysteresis obtained in theprevious experiments. However, when the ascending anddescending trials were presented in separate blocks, themagnitude of the hysteresis was reduced for all 3 subjects.When the data are averaged across subjects, there is nohysteresis for the blocked conditions.
 The blocked design may reduce and even eliminate hys-teresis because only one motion pattern is seen for themajority of trials in this condition. For example, there weremany descending trials for which the perceived motion pat-
 tern remained horizontal throughout: 8-7, 8-7-6, 8-7-6-5,and as a result of hysteresis, 8-7-6-5^ and perhaps some8-7-6-5-4-3 trials. Despite randomization of order, variouscombinations of these horizontal-motion trials frequentlyoccurred in relatively long sequences. Consequently, adap-tation due to the repeated perception of the same motionpattern may have fostered perceptual switches to the non-adapted pattern (as in Kruse et al., 1986), potentially nulli-fying the hysteresis that contributed to the adaptation. Con-sistent with this account, we have found that hysteresis canbe reinstated for the blocked conditions by interrupting therepeated perception of the same motion pattern (we addedfive display cycles with a 0.5 aspect ratio to the end of everydescending trial, and we added five display cycles with a 2.0aspect ratio to the end of every ascending trial; as a result,both horizontal and vertical motion were seen on everytrial). That hysteresis can be eliminated and re-instated inthis manner suggests that it depends on competition be-tween alternative perceptual patterns and is not simply theresult of decision or response biases operating within anascending or descending series.
 Summary of Experiments 1-4
 The experiments reported thus far introduce a paradigm inwhich two distinctly different motion patterns are perceived.Values of a manipulated stimulus parameter favor one or theother of these patterns, and a relatively high rate of spon-taneous change is observed at parameter values at theboundary of the two percepts. Because of the distinct!venessof these percepts (a consequence of the mutual inhibition ofthe vertical and horizontal motion directions for the motionquartets; see Figure 1), subjects rarely if ever are unsure ofwhich they are perceiving. Perceptual changes, whetherspontaneous or the result of parameter change, are thereforeunlikely to have been influenced by decision biases in thepresence of judgmental uncertainty. Perceptual hysteresis isobserved through a modified version of the method of limitsthat eliminates response bias effects (a control experimenteliminates trial duration as a possible artifact of the meth-od). Finally, a procedure has been introduced (blocked-ascending and blocked-descending trials) that eliminateshysteresis, probably as a result of adaptation that reduces theability of the initial motion percept to compete with the(temporarily inhibited) alternative percept. If the observedhysteresis depends on response or decision bias rather thancompetition between alternative percepts, it would not havebeen eliminated by the blocking manipulation.
 Experiment 5
 Modified Method of Limits: Trials With End Idles
 The preceding experiments provide evidence within thesame experimental paradigm for two factors that are relatedto the stability of the perceived patterns: their persistencedespite propensities for spontaneous change arising withinthe visual system (temporal stability) and their persistencedespite changes in the stimulus parameter to values favoring
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 Figure 4. Hysteresis effects in Experiment 4 for the blocked-ascending, blocked-descending, andmixed ascending-descending conditions. (Means for the 3 subjects [KE, SP, and HH] are presentedin the upper panel. Individual subject data are presented in the lower two panels.)
 an alternative percept (hysteresis). This experiment linksthese two aspects of perceptual stability more directly. As inExperiments 2-4, values of the parameter were graduallyincreased or decreased toward an endpoint aspect ratio, thelatter varying randomly from trial to trial. In this experiment
 we also included trials for which the stimulus parameter"idles" at the endpoint value. This allowed us to measurespontaneous changes in the perceived motion direction (i.e.,changes occurring while the parameter "idles" at a constantvalue at the end of an ascending or descending run). Of
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 Figure 5. Hysteresis effects in Experiment 5 on the basis of trials for which the endpoint aspectratio is presented for just one display cycle after gradually changing on preceding display cycles. (SPand JG are the subjects.)
 interest is the effect of the initial percept persisting (whilethe parameter changes) on its temporal stability (the likeli-hood it will spontaneously change during the idle).
 Method
 Both ascending trials (the vertical separation increases by Ipixel on consecutive display cycles) and descending trials (thevertical separation decreases by 1 pixel on consecutive displaycycles) were presented in randomly ordered blocks of 240 trials(there were two such blocks in each of four daily sessions). Trialswith descending series all began with an 8-pixel vertical separation(aspect ratio of 2.0), hence the perception of horizontal motion,and ended with a vertical separation of either 7, 6, 5, 4, 3, or 2pixels; trials with ascending series all began with a 2-pixel sepa-ration (aspect ratio of 0.5), hence the perception of vertical motion,and ended with a vertical separation of either 3, 4, 5, 6, 7, or 8pixels. In addition, the endpoint aspect ratios (the largest verticalseparation in an ascending trial or the smallest vertical separationin a descending trial) were presented for either 1, 2, 3, or 4 displaycycles. For example, a trial with nine display cycles might proceedthrough the following sequence of vertical separations: 8-7-6-5-4-3-3-3-3. Subjects responded by pressing the yes button onlywhen they saw both vertical and horizontal motion during the sametrial. Otherwise they pressed the no button. Subjects SP and JGparticipated in this experiment. They were unaware of its purpose.
 ment of spontaneous changes was based on determining theproportion of trials for which the first perceptual changeoccurred during the idle (while the endpoint aspect ratio washeld constant), not the preceding portion of the trial, duringwhich parameter values were gradually increased or de-creased. For each value of the endpoint aspect ratio, we firstdetermined the number of trials with an idle for whichsubjects reported seeing a perceptual change (/) and thensubtracted the number of nonidle trials for which subjectsreported seeing a perceptual change (A7). We then dividedthe difference (/ - NI) by the number of nonidle trials forwhich there was no perceptual change (1 - Nf) to determinethe proportion of trials for which the first perceptual changeoccurred during the idle.5 This is our measure of spontane-ous perceptual change.
 As can be seen in Figure 6 (which includes the hysteresisdata presented in Figure 5), the proportion of trials forwhich the first perceptual change occurred during the idle(i.e., when the first change was spontaneous) increased as afunction of the extent to which the initially perceived patternpersisted. For example, Subject SP's results for nonidletrials indicate that she saw only vertical motion on all as-cending trials with an endpoint aspect ratio of 1.25 andcontinued seeing only vertical motion, without change, forapproximately half of the nonidle ascending trials with an
 Results
 The results obtained when the endpoint aspect ratio waspresented for just one display cycle replicated previouslyobtained evidence for hysteresis (Figure 5). The measure-
 5 As in Experiment IB, the frequency with which at least onespontaneous change occurs during the idle increases as a functionof the number of display cycle repetitions (2, 3, or 4). For purposesof this analysis, spontaneous changes are averaged across the num-ber of display cycle repetitions.
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 Figure 6. Further analysis of the results of Experiment 5. (One measure indicates the proportionof trials in which the first perceptual change occurs in response to gradual changes in aspect ratio[trials without an idle], and the other indicates the proportion of trials for which the first perceptualchange is spontaneous [i.e., it occurs during the idle]. SP and JG are the subjects.)
 endpoint aspect ratio of 1.75. Commensurate with this per-ceptual persistence, the likelihood of SP's first perceptualchange being spontaneous (i.e., occurring during the idle)increased from about 0.2, when the stimulus idled at the
 aspect ratio of 1.25, to more than 0.8 when the parameterascended further and idled at the 1.75 aspect ratio. That is,on trials in which the initial percept persisted until the idleperiod, her rate of spontaneous change during the idle
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 increased dramatically as a function of how long the initialpercept persisted. This interdependence of perceptual hys-teresis, observed while parameter values were graduallychanged, and the likelihood of seeing a spontaneous changein motion direction, observed when the stimulus parametersubsequently idled at a constant value (and not earlier in thetrial), were obtained for both subjects for both ascendingand descending trials.
 Discussion
 Gradually increasing and decreasing the aspect ratio ofthe motion quartet results in the persistence of the initiallyestablished percept, even though the values of the parameterthat are reached favor the alternative percept. This, however,is not the only way for the disfavored pattern to be per-ceived. Sometimes it is perceived on the initial presentationof a motion quartet (providing the quartet's aspect ratio isnot too extreme in either direction). When this happens, theresults are consistent with those observed in this experi-ment. That is, the likelihood of spontaneous change in-creases as a function of how much the initial percept isdisfavored by the parameter value (Hock & Voss, 1990).
 Experiment 6
 Modified Method of Limits: Vary the Rate ofParameter Change
 Experiments 2-5 showed that the percept for a particularstimulus configuration depends on the direction of param-eter change. In this experiment, we showed that it alsodepends on the rate of parameter change. When the rate ofchange is slowed, there is more opportunity for the initialpercept, which is less stable because of its persistence underparametric change (Experiment 5), to give way to a spon-taneous perceptual change relatively early in the ascendingor descending series. The expected consequence is a reduc-tion in the magnitude of the hysteresis. The modifiedmethod of limits procedure introduced in Experiment 2 isparticularly suited to studying the rate of parameter change.Subjects did not respond until the conclusion of each trial,so we were not concerned about possible effects of the rateof stimulus change on response perseveration.
 Method
 As in the previous experiments, trials with ascending series(beginning with an aspect ratio of 0.5) and descending series(beginning with an aspect ratio of 2.0) were presented in randomorder. The fast rate of change was as in the previous experiments;the vertical separation was changed by 1 pixel on successive dis-play cycles. A typical ascending series was 2-3-4-5-6. For as-cending and descending series changing at the slow rate, the ver-tical separation remained the same for two consecutive displaycycles and then changed by 1 pixel for the next two pairs of displaycycles (except for the endpoint aspect ratio, which was presentedfor one display cycle as in the fast trials). Atypical ascending serieswas 2-2-3-3-4-4-5-5-6. Subjects were presented two blocks of
 288 trials in each of three daily sessions. They responded yes whenthey clearly saw both vertical and horizontal motion during thesame trial and responded no otherwise. Subjects HH and GBparticipated in this experiment; GB was unaware of the rate ma-nipulation and its purpose.
 Results
 The results presented in Figure 7 replicated the hysteresisobserved in the preceding experiments and indicated, aspredicted, that the magnitude of the hysteresis is reducedwhen the rate of parameter change is slowed. The reductionin hysteresis reflected the presence of intrinsic tendencieswith opposing outcomes. Persistence under gradual param-eter change maintained an initially established percept, butthe likelihood of spontaneous change increased when therate of parameter change was slowed.
 Experiment 7
 Modified Method of Limits: Vary the Size of theMotion Quartet
 The rates of spontaneous perceptual change obtained inExperiments 1 and 3 indicate that our motion quartets arenot as temporally stable as Ramachandran and Anstis's(1985). Differences in timing, the size of the quartets, orperhaps the presence of a central dot may all contribute tothe contrasting results. In this experiment, we examined theeffect of the quartets' size, and consistent with Ramachan-dran and Anstis's (1985) results, we found that the likeli-hood of a spontaneous change in organization is reduced(temporal stability is increased) when the quartets are en-larged. On this basis, we provide further evidence for theinterdependence of hysteresis and temporal stability byshowing that in addition to increasing temporal stability,enlarging the motion quartets increases the magnitude of thehysteresis.
 Method
 The small quartets are as in the preceding experiments; thehorizontal separation between the dots was 6.4 min and the verticalseparation varied from 3.2 to 12.8 min. The large quartets wereenlarged by a factor of 10, which made them similar in size toRamachandran and Anstis's (1985). Their horizontal separationwas 1.07°, and their vertical separation varied from 0.53° to 2.13°.
 As in the previous experiments, hysteresis effects were mea-sured for trials with ascending and descending aspect ratios (theorder of ascending and descending trials was random; there wereno end idles), and spontaneous changes were measured for trialswith constant aspect ratios (trial order was random for the latter,and there were always six display cycles per trial). There were fourblocks of trials per session: Hysteresis and spontaneous changeswere measured for both small and large quartets (the order oftesting was counterbalanced over four experimental sessions).Subjects pressed the yes button if they saw a change in the per-ceived motion pattern anytime during the trial (otherwise they
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 pressed the no button). There were 6 subjects in this experiment, 2of whom had not participated in any of the preceding experiments.
 Results
 Means across the 6 participating subjects are presented inFigure 8. The upper panel indicates the proportion of trialsfor which there was at least one spontaneous change in theperceived motion pattern while the aspect ratio remainedconstant. The rate of spontaneous change was lower for the
 large compared with the small quartets for all 6 subjects.The effect of size, averaged over aspect ratio for each sub-ject, was statistically significant, r(5) = 7.19, p < .001.
 We obtained hysteresis for both small and large quartetsfor all 6 subjects (means are presented in the bottom twopanels of Figure 8); hysteresis effects were obtained for all8 subjects tested in Experiments 2-7. The method of mea-suring hysteresis for each subject was equivalent to deter-mining the area between the ascending and descendingcurves on the hysteresis graphs (in the absence of hysteresis,
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 the ascending and descending curves would overlap, so thearea between them would be zero). For each aspect ratio, thefrequency of seeing any horizontal motion during an as-cending trial (the persistence of vertical motion would tendto keep this frequency low) was subtracted from the fre-quency of seeing only horizontal motion for descendingtrials (the persistence of horizontal motion would tend tokeep this frequency high). These differences were summedover the endpoint aspect ratios (0.75, 1.0, 1.25, 1.5, and1.75) that were common to ascending and descending tri-als.6 On this basis, the magnitude of the hysteresis wassignificantly greater for the large quartets than for the smallquartets for all 6 subjects. Although the difference was smallfor 3 of the subjects, the overall effect of quartet size wassignificant, t(5) = 2.57, p = .05. Subjects with the greatestincrease in the magnitude of hysteresis for the enlargedquartets were those for whom the enlargement most reducedthe frequency of spontaneous change.
 Discussion
 The results of this experiment suggest that intrinsic fac-tors responsible for the occurrence of spontaneous changeare less effective for the large quartets compared with thesmall quartets. Although the reasons for this are as yetundetermined, the greater temporal stability of the largequartets is correlated with an increase in the magnitude ofthe hysteresis. This is because the magnitude of the hyster-esis is reduced when intrinsic fluctuations result in sponta-neous perceptual change; greater temporal stability meansthat the occurrence of such spontaneous changes is lesslikely, so it becomes possible to observe something closer tothe full hysteresis associated with gradual parameterchange.
 As a result of extensive hysteresis, perceptual patterns areseen at values for which they are rarely seen when a pa-rameter value is selected randomly and held constant for theentire trial (as in Experiment 1). For example, for ascendingtrials with the large quartets, only vertical motion was seenfor an average of 40% of the trials with an endpoint aspectratio of 1.75 and for an average of 30% of the trials with anendpoint aspect ratio of 2.00. This was the case even thoughthe vertical separation for these aspect ratios was muchlarger than the horizontal separation and was perceived assuch. These percepts violate Ullman's (1978, 1979) "prox-imity rule" for motion correspondences, which specifies thatin the absence of other constraints, motion follows the short-est path. Because of hysteresis, the violation of proximityoccurs for vertical-horizontal disparities well beyond thosethat might be considered difficult to resolve (the resolutionzone is indicated by the relatively narrow range of bistabil-ity when values of the parameter are presented in randomorder, as in Experiment 1). The spatial geometry of themotion quartet stimulus thus has a nonspecific influence onthe perceived motion patterns. Although spatial proximitiesfavor certain motion patterns in relation to others, this biasis readily reversed to accommodate the temporal qualities ofthe percept.
 General Discussion
 Perceptual stability refers to the continuation of a perceptdespite changes, both intrinsic and extrinsic, that mightresult in a perceptual reorganization in which an alternativepattern is seen. In this article, we examine two phenomenathat reflect the stability of visual percepts: hysteresis andtemporal stability. Hysteresis results from the persistence ofa percept despite changes in a critical stimulus parameter tovalues that favor an alternative percept. Temporal stability isobserved while stimulus parameters remain constant; stabil-ity is achieved despite propensities toward spontaneouschange arising from within the visual system.
 Experiments 1-4 establish our methodology (see theSummary of Experiments 1-4 section); Experiments 5-7provide evidence for the interdependence of hysteresis andtemporal stability. In Experiment 5, end idles are added totrials with ascending and descending changes in the aspectratio (the endpoint aspect ratio of the quartets remains con-stant for two to four display cycles). We find that greaterpersistence (more hysteresis) during the ascending and de-scending segments of the trials results in less temporal sta-bility (greater likelihood of spontaneous change) while theaspect ratio idles at the endpoint value. The rate of param-eter change is varied in Experiment 6. We find that slowerrates of change reduce the magnitude of the hysteresis,presumably because there is more opportunity for the oc-currence of spontaneous changes (losses in temporal stabil-ity) during the ascending and descending runs. Such spon-taneous changes work in opposition to the tendency of thepercept to persist despite parameter change. In Experiment7, we vary the size of the motion quartets and provideevidence for a direct relationship between temporal stabilityand hysteresis. Decreases in the likelihood of spontaneouschange (increased temporal stability) are accompanied byincreases in the magnitude of the hysteresis.
 One possibility suggested by the aforementioned results isthat the perceived patterns are stable because the visualsystem responds relatively sluggishly to changes in stimulusparameters or changes (fluctuations) that arise within thevisual system itself. That is, what is perceived may dependon a running average of the current and immediately pre-ceding responses of the visual system to intrinsic and ex-trinsic events. Another, more likely possibility derives fromthe observation that vertical and horizontal motion are
 6 An alternative to this procedure would be to fit each subject'sascending and descending data to a probit model, which involvesthe maximum likelihood estimation of the data based on a lineartransformation of a cumulative normal distribution. The 50% pointon the cumulative normal distribution would then provide a mea-sure of the point of subjective equality (i.e., the aspect ratio forwhich there is an equal probability of seeing vertical and horizontalmotion), and the difference in points of subjective equality be-tween the ascending and descending trials would provide a mea-sure of hysteresis. But the usefulness of probit analysis, which hasthe additional benefit of providing a measure of the slopes of theascending and descending data curves, was limited by inconsis-tency in the extent to which our hysteresis data were satisfactorilyfit by the cumulative normal distribution.
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 Figure 8. Frequency of spontaneous switches and hysteresis effects in Experiment 7 for small andlarge motion quartets, shown as a function of the size-independent aspect ratio.
 mutually inhibitory for motion quartets, so one or the otheris perceived but never both at the same time (see Figure 1).If the stability of a perceptual pattern formed for the motionquartets is the result of the inhibition of the alternativepercept, the interdependence of hysteresis and temporal sta-bility would follow from the additional assumption that theamount of inhibition varies according to the extent to whichthe aspect ratio favors the alternative percept. Hysteresiswould then result because levels of inhibition changed moreslowly than the stimulus parameter (the aspect ratio); tem-poral stability would result from the inability of all but thelargest intrinsic fluctuations to overcome the inhibitory biasand produce a switch to the alternative pattern. Increasinglosses of temporal stability when there is more and morepersistence of the initial percept (Experiment 5) followsfrom the reduction in inhibition of the alternative percept
 with changes in the aspect ratio. As the inhibitory bias isreduced, smaller and smaller fluctuations could overcomethe bias, resulting in a loss of temporal stability. Slowing therate of parameter change allows more opportunity for theoccurrence of an intrinsic fluctuation large enough to over-ride the inhibition of the alternative pattern, reducing themagnitude of the hysteresis (Experiment 6). Conversely,increasing temporal stability (by enlarging the quartets) de-creases the likelihood of their being an intrinsic fluctuationlarge enough to override the inhibition of the alternativepattern, increasing the magnitude of the hysteresis (Exper-iment 7).
 Characterizing the perceptual stability of the motion quar-tets in terms of the mutual inhibition of alternative motiondirections suggests that perceptual pattern formation for thequartets is analogous to pattern formation in physical and
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 biological systems (Haken, 1977/1983, 1981), in particularsystems in which there is competition among alternativepatterns that vary in their relative stability (Kelso, 1984;Kelso & Schoner, 1987; Landauer, 1962, 1978; Schoner &Kelso, 1988). The time-dependent behavior of these andmany other systems has been described in terms of nonlin-ear dynamics, that is, nonlinear laws of motion (e.g., Gurel& Rossler, 1979). A similar description applies naturally toour experimental observations.
 The essential idea is that multistability in perception isrepresented by coexisting attractors that are stable solutionsof collective-variable equations of motion. This means thatthe system is attracted to one of these solutions (the per-ception of vertical vs. horizontal motion) if it is initially inone of their basins of attraction. Spontaneous changesamong the attractors can occur strictly as a result of randomfluctuations, provided that a fluctuation is sufficientlystrong to put the system into the alternative basin of attrac-tion (this is followed by the relaxation of the system to thenew attractor). The likelihood of this happening is linked tothe relative sizes of the basins of attraction, which in turndepend on the relative stability of the attractors; in general,the stabler attractor has the larger basin of attraction, andswitching into this state is more likely than switching out ofit. When the experimental parameter is varied, the stabilityof the attractor corresponding to the initial percept decreaseswhile the stability of the attractor corresponding to the al-ternative pattern increases. Hysteresis is observed underparameter change because the initial percept persists evenwhen the parameter value results in the alternative patternbeing relatively more stable. This is because the initial pat-tern retains some measure of temporal stability, despite itsshrinking basin of attraction. However, additional parameterchange further reduces this basin of attraction, commensu-rately increasing the likelihood that a random fluctuationwill be sufficiently strong to put the system into the alter-native, more stable basin of attraction.
 Describing the stabilities of percepts in this way suggeststhat the temporally dependent behavior of the visual systemmight be consistent with some rather general dynamicallaws of nature. Indeed, our experiments provide evidencethat is consistent with what is predicted by a recent appli-cation of dynamical theory to motion quartets (Schoner &Hock, 1992): Loss of temporal stability is observed at theboundaries of hysteresis (Experiment 5), and the magnitudeof the hysteresis depends on both the rate of parameterchange (Experiment 6) and the level of intrinsic fluctuations(Experiment 7). However, the appropriateness of character-izing the behavior of the visual system dynamically requiresgeneralization of these results to other perceptual phenom-ena and more analytic experimental testing. For example,temporal stability in the presence of intrinsic, random fluc-tuations is achieved in dynamical theory through the oper-ation of fast-acting restoring forces that counteract the effectof the fluctuations. On this basis, we would expect temporalstability for the motion quartets to be decreased by condi-tions that decrease the transient or phasic responsiveness ofthe visual system. Also predicted by dynamical theory is theexistence of a limit to the magnitude of the hysteresis. At
 this limit, which can be approached only when temporalstability is very high, the slope of the hysteresis function isexpected to become very steep, indicating that perceptualchange occurs because the initial percept is no longer pos-sible (rather than because a random fluctuation arises withinthe visual system).7
 These experimental predictions emerge only if one takesthe conceptual step from characterizing the perceptual sta-bility of the motion quartets in terms of the mutual inhibi-tion of alternative motion directions to a more general for-mulation in which pattern formation for the quartets isdescribed in terms of nonlinear dynamics. However, exper-imental support for these predictions would not demand adynamical theory of perception. Rather, it would providefurther evidence that any theory of perception must accountfor the dynamical behavior of the visual system.
 Thus, at least two kinds of theory are important. One thatis currently undergoing rapid development concerns con-cepts that capture the universal, lawful nature of dynamicalphenomena across model experimental systems in a widevariety of physical and biological domains (e.g., Haken,1977/1983; 1981). The experimental results reported in thisstudy indicate that the visual system is a potential candidatefor addition to the roster of systems whose time-dependentbehavior is consistent with dynamical theory. Another kindof theory is more attuned to the long-term goal of perceptualtheory, which is to predict what is perceived and how theperceiver behaves under a specific set of circumstances. Weare not proposing that nonlinear dynamics constitutes sucha theory. What we are proposing is that a successful theoryof perception would have to account for, and is thereforeconstrained by, the intrinsic dynamics of the visual system.
 Our results demonstrate one way in which constraints ofthis kind influence perceptual theory. In our experiments,we have introduced conditions with relatively high temporalstability and gradually changed a critical parameter over awide range of values. As a result of hysteresis, motionpatterns are seen that are not specified by the spatial geom-etry of the quartets (e.g., vertical motion is seen for largeaspect ratios). Thus, the generality of Ullman's (1978, 1979)assertion that correspondences in motion perception arespecified or determined by the relative closeness of theelements (i.e., motion follows the shortest path) is con-strained by the intrinsic stability of percepts. Although otherinvestigators (Schecter & Hochstein, 1989; Schecter, Hoch-stein, & Hillman, 1988) have shown that nonspatial featuressuch as shape, size, and luminance can compete with prox-imity in establishing motion correspondence, no such com-peting stimulus features are introduced into the presentstudy. The issue is therefore not one of resolving multiplesources of specifying information, which is the concern ofCutting's (1986) theory of directed perception. Hysteresisand temporal stability are properties of the percept, not thestimulus, and as such can take precedence over stimulusgeometry in establishing motion correspondences. We
 7 This prediction points to the importance of being able to mea-sure the slopes of the ascending and descending data curves (seeFootnote 6).
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 conclude, therefore, that the role of the motion quartet'sstimulus geometry is nonspecific. Values of nonspecific pa-rameters provide a context or medium for the operation ofintrinsic visual mechanisms that favor certain percepts butdo not determine what is perceived.
 This conclusion stands in contrast to the more typicaltreatment of stimulus parameters as specifying what is per-ceived through either the detection of features (e.g., Marr,1982) or higher order stimulus structure (Gibson, 1966,1979). The nonspecific, contextual function of stimulus in-formation has generally been conceptualized in terms oftop-down processes (e.g., Lindsay & Norman, 1977) thatclarify detected stimulus information when it does not sat-isfactorily specify the source of the information, perhapsthrough the biasing of a hypothetical decision stage of pro-cessing (Green & Swets, 1966). A potential virtue of intro-ducing dynamical concepts into perceptual theory is thatnonlinear dynamics explicitly incorporates a nonspecificrole for stimulus information in terms of control parametersthat affect the relative stability of attractor states (e.g.,Haken, Kelso, & Bunz, 1985; Kelso, 1984). Consistent withour observation that what is seen is not specified or definedby the spatial geometry of the quartets, Schoner and Hock's(1992) application of dynamical theory to the perception ofmotion quartets successfully predicts our experimental ev-idence for the interdependence of hysteresis and temporalstability on the basis of stimulus geometry having a non-specific influence on the perceived motion pattern.8
 In conclusion, the results of the experiments reported inthis article point to the theoretical importance of perceptualstability. Through the examination of perceptual stability,we can observe dynamical features of the visual system thatare common to a wide range of physical and biologicaldomains and can also observe how intrinsic perceptualmechanisms can override stimulus geometry in influencingperceived patterns of motion. Much remains to be learnedabout how perceptual stability emerges from the mecha-nisms through which visual information is processed andhow what may prove to be universal dynamical laws arerealized in these mechanisms.
 8 Related formulations have been proposed by Kawamoto andAnderson (1985), who provided a neural network model in whichsatiation (loss of temporal stability) is built into synapses, andDitzinger and Haken (1989, 1990), who addressed adaptation andspontaneous switching in terms of an attention parameter. Schonerand Hock's (1992) approach differs from theirs in the centralimportance of stability as a property of the percept.
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