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Visual persistence and the effect of eccentric
viewing, element size, and frame duration

on bistable stroboscopic motion percepts

BRUNO G. BREITMEYER and ALYSIA RITTER
University of Houston, Houston, Texas

Bistable stroboscopic motion percepts can be generated when two frames, each consisting of
three square elements, are presented alternately at varying interstimulus intervals (ISIs). End
to-end element motion is observed at short ISIs; group motion is observed at long ISIs. We found
that the ISIs at which transitions from element to group motion occurred decreased as (1) viewing
eccentricity, (2) element size, and (3) frame durations increased. Since visual pattern persistence
also decreases as each of these three parameters increases, we conclude that such persistence
plays a role in determining which percept dominates in bistable stroboscopic motion.

One phenomenon that accompanies a briefly displayed
stimulus pattern is visual pattern persistence. Two such
patterns displayed in spatiotemporal sequence addition
ally produce the sensation of stroboscopic motion. Since
pattern persistence also occurs in two- or multiple-pattern
sequences (Allport, 1968; Di Lollo & Hogben, 1985), we
can ask how and to what extent persistence and
stroboscopic motion are related (e.g., see Farrell, 1984).
To address this question, we investigated the competing
bistable stroboscopic motion percepts reported by Pantle
and Picciano (1976). To produce such percepts, stimuli
such as those shown in Figure 1 are presented in cyclic
alternation. Frame 1 contains three equispaced and
horizontally arrayed elements; Frame 2 contains the same
elements displaced to the right by the center-to-center dis
tance separating two adjacent elements. Thus, the two
right elements of Frame 1 and the two left elements of
Frame 2 overlap spatially. When these two frames are
alternately flashed for several cycles at varying interstimu
Ius intervals (ISIs), one can observe one of two motion
percepts, depending on lSI. At short ISIs, one sees the
middle two, overlapping elements as stationary and the
endmost elements moving back and forth. This percep
tion of end-to-end element motion is replaced at longer
ISIs by a perception of group motion in which three ele
ments are seen to move back and forth as a group.

In a separate study (Breitmeyer & Ritter, in press), we
showed that an overall increase of group motion-and
hence a decrease of element motion-could be effected
by increasing either element size or, as Petersik and Pan
tle (1979) had done, frame duration. In particular, the lSI
at which transitions from element to group motion oc
curred decreased with increases in element size or frame
durations. These results were interpreted in terms of the
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hypothesis that the perception of end-to-end element mo
tion depends on the perception of stationarity of the in
ner two elements (Braddick, 1980; Braddick & Adlard,
1978; Pantle & Petersik, 1980). That is to say, over suc
cessive frames, the spatially overlapping elements are tem
porally integrated by the perceptual system. Moreover,
we suggested that a process responsible for such integra
tion, and hence for signaling the stationarity of the two
overlapping inner elements, is pattern persistence. The
longer this pattern persistence, the more likely it is that
the inner two elements in successive frames are percep
tually integrated. This inhibits perception of group mo
tion but allows the perception of end-to-end element mo-
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Figure 1. A schematic of the cyclic display sequence. Frame 1,
containing three square elements, is presented at time t.. After a
variable lSI, Frame 2, containing the same three elements displaced
rightward by the center-to-center distance separating two adjacent
elements, is presented at time t •• After the same lSI, Frame 1 again
is presented at time f 3 , and so on for four cycles. The fIXationcross
was presented, as shown, either at the level of the display sequence
(0°) or 1° or 2° below the display sequence.
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tion. We know from prior studies (Bowen, Pola, & Matin,
1974; Bowling & Lovegrove, 1980; Breitmeyer, Levi,
& Harwerth, 1981; Di Lollo, 1977; Meyer & Maguire,
1977) that with spatially overlapping stimuli, such as com
prise the two inner elements, pattern persistencedecreases
as stimulus size or duration increases. Hence, as was
found (Breitmeyer & Ritter, in press; Petersik & Pantle,
1979), one would expect the ISIs at which transitions from
element to group motion occur to decrease.

In the present study, we again varied element size and
frame duration as a way to vary pattern persistence.
However, additionally we varied pattern persistence by
varying the eccentricity of the entire motion display. Us
ing repetitively flashed vertical square-wave gratings as
stimuli (Meyer & Maguire, 1977), Breitmeyer and Hal
pern (1978) found that a parafoveally centered stimulus
yielded shorter measures of pattern persistence than a fo
veally centered one. Using a variant of a technique origi
nally employed by Allport (1968), in which stimuli (lines
or dots) are displayed in a regular spatiotemporal sequence
on a cathode ray tube, both Mezrich (1984) and Di Lollo
and Hogben (1985) also have shown that effective per
sistence decreases with eccentricity. We agree with
Di Lollo and Hogben that the curtailment of pattern per
sistence in the parafovea obtained with a regular
spatiotemporal sequence of stimuli is produced by sup
pression of an otherwise longer persistence found there.
We further agree that under these stimulus conditions the
most likely candidate for such suppression is metacon
trast masking (Breitmeyer, 1984, p. 225; Breitmeyer, Bat
taglia, & Weber, 1976; Breitmeyer, Love, & Wepman,
1974; Hogben & Di Lollo, 1984). Since the magnitude
and spatial range of metacontrast masking is known to
increase with eccentricity (for a review, see Breitmeyer,
1984, pp. 108-109 and 219), it follows that in a regular
spatiotemporal sequence of stimuli in which one stimu
lus is followed closely in time and space by another, pat
tern persistence ought to be curtailed as stimulus eccen
tricity increases. On the basis of this analysis, we predict
that as our bistable motion display is viewed at greater
eccentricities, progressively less element motion and,
hence, more group motion ought to be observed.

METHOD

Subjects
The 2 authors and 4 undergraduate students at the University of

Houston served as subjects. All subjects had normal or corrected
to-normal vision, and all 4 undergraduates, besides having had no
prior experience in making psychophysical judgments, were naive
as to the purpose of the experiment.

Stimulus and Apparatus
All stimuli, presented via a four-channel Gerbrands Model T-4A

Harvard tachistoscope, were viewed binocularly at a distance of
81 em. The stimuli consisted of equispaced elements as shown in
Figure 1. The elements were gray squares (15.7 cd/m') on a white
surround (30 cd/rrr'). The center-to-eenter distance between elements
was maintained at a constant 1.2 0

• However, the sizes of the square

elements could be either .2 0 x.r or .7 0 x .7 0
• For convenience,

we refer to these sizes as small or large. Frames I and 2 were each
displayed on a separate channel of the tachistoscope, as was the
fixation field, which also served as the blank interval between suc
cessive frames. The fixation field's luminance was 30 cd/rn". For
foveal fixation, the fixation cross, as shown in Figure I, fell half
way between the inner two, spatially overlapping elements of the
total display sequence. For eccentric stimulus presentations, the fix
ation cross fell either 10 or 2 0 directly below its position in Figure I.
Frame durations were set at 50 or 200 msec.

Procedure
We employed a four-factor (2x2x3 x 10) design. One factor con

sisted of the two element sizes; the second, of the two frame dura
tions; the third, of the three display eccentricities; and the fourth,
of 10 ISis-ranging, in IO-msec steps, from 10 to 100 msec
separating the alternating frames. For each subject, data were col
lected during four sessions spanning about 2 weeks. In each of the
four sessions, three loo-trial blocks were run per subject. Across
the three blocks, the element size and frame durations were kept
constant; however, each of the three blocks was devoted to one of
the three display locations. The order of display eccentricities was
randomized within a session; and element size and frame duration
were cross randomized over the four sessions. Within a block of
100 trials, 10 trials were devoted to each lSI. Before each series
of 100 trials, the subjects viewed a blank 30-cd/m2 field for 3 min.
A trial consisted of four cycles of the stimulus sequence
(Frame I-lSI-Frame 2-ISI) with about 10 sec elapsing between
trials. The four undergraduate subjects also were given one ses
sion that served to familiarize them with the task and give them
practice in making psychophysical judgments. On each trial, the
subjects were asked to classify their responses according to whether
they perceived group motion or element motion.

RESULTS AND DISCUSSION

Figure 2 displays the percentage of group movement
as a function of lSI. The curve parameters are the dis
play eccentricities. The left and right panels show the
results obtained with small and large elements, respec
tively; the upper and lower panels show the results ob
tained with 50- and 200-msec frame durations, respec
tively. In all cases, the percent of group movement
increased with lSI. This trend, reported in many prior
studies of bistable stroboscopic motion, is reflected in a
significant main effect of lSI [F(9,6oo) = 76.30,
p < .0001]. Also evident in Figure 2 is the increasing
percentage of group movement reports as the display ec
centricity increased [F(2,6OO) = 56.53, p < .0001]. This
trend is consistent with our persistence hypothesis: in
creases of display eccentricity are accompanied by
decreases of visual persistence, hence by a decrease of
element motion and a concomitant increase of group
movement. Furthermore, as we have demonstrated else
where (Breitmeyer & Ritter, in press), increasing the ele
ment size [F(1,600) = 110.03, p < .0001] or the frame
duration [F(l,600) = 488.97, p < .0001] increases the
overall percentage of group movement. Again, these
trends are consistent with our persistence hypothesis, in
asmuch as increases of element size and frame duration
decrease persistence and thus favor the perception of
group movement.
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Figure 2. The percentage of group movement reported as a function of lSI for small (left panels) and large (right
panels) elements and for SD-msec (upper panels) and 200-msec (lower panels) frame durations. In each panel are
shown results obtained at each of the three display eccentricities as indicated at the upper left of the figure.

Of the possible two-way interactions, only those be
tween element size and frame duration [F( I ,6(0) = 5.29,
p < .01], between element size and display eccentricity
[F(2,600) = 4.58, P < .05], and between frame dura
tion and lSI [F(9, 6(0) = 11.83, P < .01] were statisti
cally significant. In regard to the first of these two-way
interactions, Figure 2 shows not only that the percent of
group movement increases as frame duration increases,
but also that this trend is stronger for small than for large
elements. This result again is in agreement with our per
sistence hypothesis. Bowling and Lovegrove (1980)
demonstrated that visual persistence of grating stimuli is
affected interactively by spatial frequency and duration.
They found, in agreement with our results and interpre
tation, that increases of duration decreased visual persis-

tence more when high-spatial-frequency gratings (small
patterns) were employed than when low-frequency ones
were used. Hence, as we found, with smaller patterns one
would expect a greater increase of the percentage of group
movement as frame duration increases. As to the second
significant two-way interaction, one can see from Figure 2
that the increase of the percentage of group movement
as display eccentricity increases is again more apparent
for small- than for large-element displays. According to
our hypothesis, this occurred because increases of eccen
tricity decreased visual persistence more for the small
than for the large-element displays. Independent studies
of visual persistence corroborating or elaborating on this
trend and interpretation are yet to be performed. Regard
ing the third significant two-way interaction, Figure 2 also
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shows that the transition from a greater preponderance
of element motion to one of group movement as lSI in
creases occurs at ISIs that are lower for the 200-msec than
for the 50-msec frame duration. Again, according to our
hypothesis, one would expect the longer frame durations
to yield shorter persistence and thus to produce more
reports of group movement at shorter ISIs.

Inspection of Figure 2 also reveals that this latter ef
fect of frame duration on the transitional ISIs is more
pronounced with small- than with large-element displays.
This trend is reflected in a significant three-way interac
tion between element size, frame duration, and lSI
[F(9,600) = 4.53, p < .005]. Finally, there was a sig
nificant three-way interaction between element size, dis
play eccentricity, and lSI [F(18, 6(0) = 3.45, P < .005].
As can be seen in Figure 2, the change of the transitional
ISIs to smaller values as display eccentricity increases is
more pronounced when small than when large elements
were used. These two significant three-way interactions
basically are elaborations of the significant two-way in
teractions between element size and frame duration and
between element size and display eccentricity. The greater
increases in the percentage of group movement for smaller
elements of longer duration, on the one hand, and for
smaller elements of greater eccentricity, on the other, are
more particularly realized by a shift of the transitional ISIs
to lower values. The other two three-way interactions and
the four-way interaction were not statistically significant.

GENERAL DISCUSSION

Our main concern was with how display eccentricity,
within the framework of the persistence hypothesis, af
fected the transition from element to group movement as
lSI increased. The results of the eccentricity manipula
tion are consistent with the hypothesis that visual persis
tence decreases with eccentricity, a finding independently
reported by Mezrich (1984) and by Di Lollo and Hogben
(1985). Di Lollo and Hogben, however, additionally ar
gue that the curtailment of visual persistence with eccen
tricity occurs only when the contours or edges of succes
sive stimuli are spatially sufficiently close to allow
metacontrast suppression of the response persistence to
a preceding stimulus by a succeeding stimulus. We also
subscribe to this explanation (see also Breitmeyer, 1984,
p. 225), and we note its relevance in our study since the
contours of the two overlapping inner elements of the dis
play sequence were spatially as close as possible and thus
should act as optimal metacontrast masks (Matin, 1974).

Secondarily, we found that the percentage of group
movement increased also when element size or frame du
ration increased. Again, these results are consistent with
our persistence hypothesis. However, although the latter
effects of frame duration have been reported indepen
dently by Petersik and Pantle (1979) and by Breitmeyer
and Ritter (in press), the former effects of element size

found here and by Breitmeyer and Ritter were not con
firmed in a study reported by Petersik and Grassmuck
(1981). These investigators reported that the lSI at which
transitions from element to group motion occurs tends to
increase as the spatial frequencies composing each frame
of the alternating displays decrease. On the basis of our
persistence hypothesis and the finding that persistence
decreases as spatial frequency decreases (Bowling &
Lovegrove, 1980; Breitmeyer et al., 1981; Meyer &
Maguire, 1977), one would expect the opposite result,
namely, that the transitional lSI decreases as spatial fre
quency decreases.

A look at individual subjects' data in the present study
and in our prior work (Breitmeyer & Ritter, in press) in
dicates that the effects of element size that we report hold
not only across but also within subjects. Hence, we can
not attribute our results to the extreme or aberrant per
formance of one or a few subjects. A more likely candi
date may be the fact that, in the present study and in that
of Breitmeyer and Ritter (in press), a procedure was em
ployed which differed from that used by Petersik and
Grassmuck (1981). We used a modified version of the
method of constant stimuli, whereas the latter investiga
tors used a method of ascending and descending limits
to bracket the transitional lSI at which reports of group
and element motion are equiprobable. By systematically
increasing the lSI values in the ascending case or decreas
ing them in the descending case, selective adaptation ef
fects, reported by Petersik and Pantle (1979), may have
been introduced which were absent in the present and
Breitmeyer and Ritter's (in press) studies.

However, although this discrepancy may require fur
ther investigation along lines suggested by the above anal
ysis, several other results reported in prior studies dove
tail nicely with our persistence hypothesis. For instance,
both Braddick and Adlard (1978) and Petersik and Pan
tle (1979) showed that the percentage of group movement
increased as the luminance of the blank lSI field increased.
This result has been explained in terms of masking by light
(Braddick, 1973, 1980; Petersik & Pantle, 1979), and our
explanation in terms of visual persistence concurs with
this view insofar as one can view masking by blank fields
as a form of transient light or dark adaptation (Breitmeyer,
1984, chap. 2; Crawford, 1947). We know that visual
persistence decreases with the level of light adaptation (for
a review, see Breitmeyer, 1984, chap. 3). Hence, the use
of brightly illuminated blank ISIs, by decreasing and cur
tailing pattern persistence, should increase reports of
group relative to element motion. Supporting this interpre
tation is Petersik and Pantle's (1979) additional finding
that the lSI at which one obtains transitions from element
to group motion increased with dark-adaptation time, that
is, the time after the offset of a bright light-adapting field.
Since pattern persistence increases with dark adaptation,
one would, according to our hypothesis, expect element
motion to prevail at increasingly longer ISIs as the course



of dark adaptation proceeds; hence, the transition from
element to group motion also should occur at progres
sively higher ISIs.

Another interesting finding is that element motion is
greatly curtailed (Braddick & Adlard, 1978) or eliminated
(Pantle & Picciano, 1976) across ISIs when the alternat
ing frames are presented dichoptically. According to our
hypothesis, one possible factor is that pattern persistence
is curtailed more severely with dichoptic presentations.
This would make sense in that metacontrast masking,
which gives rise to the suppression of pattern persistence,
is more effective dichoptically than monoptically (Schiller
& Smith, 1968).

Despite the concordance of these findings with our per
sistence hypothesis, one additional finding reported by
Petersik and Pantle (1979) seems to be at odds with it.
We know that pattern persistence measured with grating
stimuli increases as the contrast of the grating decreases
(Bowling & Lovegrove, 1981). Hence, according to our
persistence hypothesis, elements with a lower contrast,
by producing longer pattern persistence, ought to produce
more element motion or, alternatively, less group motion.
Petersik and Pantle (1979) reported the opposite result;
as stimulus contrast decreased, the percentage of group
motion tended to increase rather than decrease across ISIs.
However, it should be mentioned that, in Petersik and
Pantle's (1979) study, the contrast of the elements was
varied by decreasing the intensity of the elements from
1.49 to 0.30 mL relative to a nonchanging uniform back
ground of 1.65 mL. We know also from the work of
Bowen et al. (1974) that the duration of visual persistence
varies inversely with stimulus intensity. Hence, by using
increasingly less intense elements in order to increase their
contrast relative to a uniformly brighter background,
Petersik and Pantle's (1979) procedure of varying element
contrast may have led to an increase in persistence as ele
ment intensity decreased. A consequence of this analysis'
is that when element contrast is increased by increasing
rather than decreasing its intensity relative to a uniform
background, one should obtain the trend predicted by our
hypothesis, which is opposite to that found by Petersik
and Pantle (1979). We currently are investigating this pos
sibility.

Finally, insofar as recent theories of visual masking and
persistence (Breitmeyer, 1984; Breitmeyer & Ganz, 1976;
Matin, 1975; Weisstein, Ozog, & Szoc, 1975) have in
volved properties of and interactions between sustained
and transient channels, the role of these channels is also
implicated in studies of bistable stroboscopic motion. In
fact, Petersik and Pantle (1979) suggested that response
properties of processes mediating element and group mo
tions parallel those of sustained and transient channels,
respectively. We agree with this suggestion and frame it
within our persistence and masking hypotheses in the fol
lowing way. Insofar as stronger pattern persistence re
lies on a stronger sustained channel response (Breitmeyer,
1980, 1984), one would expect more element motion
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when the sustained channels are more active. Conversely,
insofar as sustained pattern persistence is suppressed by
strong transient activity, one would expect group motion
to increase as transient activity becomes increasingly
dominant.
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