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Effects of size and luminance of stimulus on visual stream
segregation
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To investigate the effects of stimulus size and luminance on visual stream segregation
(VISS), I measured the upper limits and the optimal values of the interstimulus interval (IST)
for producing VISS. Although the effect of luminance was small when the stimulus size is
large, the results were generally consistent with Korte’s second law saying that the ISI
decreases as the stimulus intensity increases to produce optimal beta movement. This is
favorable to Ohmura’s (1982) notion that VISS is functionally equivalent to beta movement
because VISS can be regarded as a compound phenomenon consisting of two beta move-
ments. These results show that both of the stimulus size and luminance function as intensity
for producing VISS. The process of producing VISS was examined based on Ullman’s

(1979) theory of motion correspondence.
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Four lights are located in a vertical row,
and named A, B, C, and D, in order from top
to bottom, The spatial distance between A
and B is equal to that between C and D. The
distance between B and C is longer than that
between A and B and that between C and D.
Four lights are flashed successively in the or-
der, A, C, B, and D. When they are flashed at
a slow rate, a light is seen moving back and
forth among the positions A, C, B, and D, in
that order. When they are flashed at a faster
rate, two lights are seen moving, one between
the positions of A and B, and the other be-
tween those of C and D. Bregman and
Achim (1973) named the phenomenon “vis-
ual stream segregation (VISS).”

VISS was introduced as a visual analogy of
“primary auditory stream segregation
(PASS).” PASS is a phenomenon in which a
fast sequence of high and low tones splits into
two separate perceptual streams, one consist-
ing of the high tones and the other of the low
tones (Bregman & Campbell, 1971; Dan-
nenbring & Bregman, 1976). PASS has been
studied extensively by some psychologists.
However, VISS has not been examined ex-
tensively. There is very little experimental

data to explain variables that affect VISS and
to construct the mechanism by which VISS
was produced. The present study was de-
signed to provide some additional experimen-
tal data to explain VISS and construct the
mechanism.

Bregman and Achim (1973) thought of
VISS as a kind of beta movement and ob-
tained the results that VISS followed Korte’s
third law (Korte, 1915). This law states that
the interstimulus interval {ISI) between the
stimuli increases with the spatial distance be-
tween them to produce optimal beta move-
ment. The results were explained by
Bregman and Achim (1973) as follows. The
fast rate (short ISI with duration constant) fa-
vors beta movements between short dis-
tances, those between A and B and between
C and D and thus produces VISS. The slow
rate (long ISI) favors beta movements be-
tween long distances in the presented order,
and thus does not produce VISS. Watanabe
(1981) also obtained the results that were con-
sistent with the law. He found that the ISI for
producing VISS increased with the shortest
spatial distance between the two beta move-
ments, namely, the distance between B and C
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in the VISS configuration as mentioned
above.

Ohmura (1982) obtained the results that
VISS followed Korte’s fourth law. The law
states that the ISI between the stimuli de-
creases with an increase in the duration of the
stimulus to produce optimal beta movement.
She also obtained the results that VISS fol-
lowed Kahneman’s ISI law (Kahneman &
Wolman, 1970) which applies to beta move-
ment between two stimuli. The law states that
the ISI between two stimuli is constantly zero
to produce optimal beta movement when the
duration of the stimulus was over 100 ms. On
the basis of the results, she concluded that
VISS was functionally equivalent to beta
movement, and that it was, in form, regarded
as a compound phenomenon consisting of
two beta movements.

If Ohmura (1982) had the right notion of
VISS, Korte’s laws concerning the intensity
of the stimulus should also apply to VISS.
Ohmura (1986) examined the effect of the
intensity (luminance) of the stimulus on VISS.
Nevertheless, she did not obtain any results
that indicated the effect of the intensity. On
the contrary, Watanabe (1992) obtained re-
sults that the ISI decreased as the intensity
(luminance) of the stimulus increased to pro-
duce VISS. The results were consistent with
Korte’s second law. The law states that the
ISI decreases as the intensity of the stimulus
increases to produce optimal beta movement.

The different experimental methods may
explain the different results. Ohmura (1986)
asked the subjects to rate the appearance of
VISS on the visual display for its goodness in
each condition of the stimulus-onset
asynchrony (SOA), that is the time from the
onset of the stimulus to the onset of the next
stimulus. What was compared was the peak
value of the SOA, namely, the value of SOA
to obtain optimal VISS. This was because she
attached importance to the goodness of
VISS. On the other hand, Watanabe (1992)
examined the upper limit of the ISI that was
directly adjusted by the subject to produce

VISS. This was because he attached impor-
tance to a differentiation between a beta
movement in the order of presentation and
two simultaneous beta movements (VISS),
following Bregman and Achim (1973). The
difference between SOA and ISI is not im-
portant here because SOA is translated easily
into ISL.

According to Graham (1951), Korte (1915)
used the term intensity to refer to not only the
luminance of the stimulus but the size. Does
the size of the stimulus affect VISS in the
same way as the luminance? Do the lumi-
nance and the size of the stimulus interact
with each other to produce VISS? Why were
different results obtained between Ohmura
(1986) and Watanabe (1992)?

The present study examines the effects of
size and luminance of the simulus on VISS,
using the same method as Watanabe (1992)
and a method similar to that of Ohmura
(1986). On the basis of the results, the effect
of intensity on VISS is discussed.

Experiment 1

This experiment examined the effect of the
size of the stimulus on VISS. The upper lim-
its of ISI for producing VISS were measured
following the method of adjustment, where
the size of the stimulus was varied in three
levels.

Method

Subjects. The subjects were eight (two fe-
male and six male) undergraduates from
Kinki University in Kyushu. All had normal
or corrected-to-normal vision, and were naive
to the experiment of beta movement.

Apparatus. A set of four electrolumines-
cent (EL) panels was flashed successively, us-
ing a power source for EL panels. The time
schedules of flashing were controlled by a
two-channel digital timer, a one-channel re-
mote-controlled timer, and a time-controller.
Four panels were flashed with the durations
equally constant, the ISIs between them
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equal, and the intercycle interval (ICI) con-
stant. The ISIs were adjustable by using two
buttons of a switch on the remote-controlled
timer. The time adjusted by the subject was
displayed digitally in milliseconds to the ex-
perimenter,

Stimulus display.  The stimulus display con-
sisted of a set of four rectangles of EL panels,
A, B, C, and D, which were arranged in a
vertical row as shown in Figure 1. The
intercentral spatial distances were 1.15° of vis-
uval angle between A and B, hetween C and
D, and 2.3° between B and C. Three sizes of
panels were prepared. The widths of the pan-
els were 0.02°, 0.23°, and 2.3° of visual angle,
while keeping the height of the panels con-
stantly 0.23° of visual angle. The panels were
about 150 cd/m” in luminance. A green light-
emitting diode was located in the middle be-
tween B and G as a fixation point. It was
0.05° of visual angle in diameter and 3 cd/m?
in luminance.

Procedure. A set of four panels, which were
stimuli, was flashed in the order A, C, B, and
D, repeatedly. The duration was always 50
ms, while the ICI was always 500 ms from
the offset of D to the onset of A. The subject
sat at a table with his head located on a chin-
rest, and observed binocularly the stimulus
display 150 cm distant from him. He judged
the appearance of the display, while staring at
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Figure 1. Stimulus display used in Experiment 1.
The widths of the stimuli were changed (0.02°, 0.23° and
2.3° of visual angle) with their heights constant (0.23°).

the fixation point. The session consisted of 3
tasks: training, observation, and adjustment.

In the training task, a sequence of flashings
of the set of panels was displayed to the sub-
ject. The subject was trained to understand a
differentiation between VISS and beta move-
ment in the order of presentation. He was
required to judge whether the apparent se-
quence of flashings is similar to VISS or not
under some ISIs between 30 ms and 300 ms.
After a few trials, when the subject constantly
reported perceiving VISS in shorter ISI and
not in longer IS, the task ended. The stimu-
lus display in the 0.23° condition was used for
this task.

In the observation task, the sequence of
flashings was displayed, while the ISI was
varied continuously from 30 ms to 300 ms or
from 300 ms to 30 ms by the experimenter.
The subject observed the change of the ap-
pearance of the flashings caused by a change
of the ISI under each condition of size.

In the adjustment task, the subject was
asked to find the transition point of ISI at
which a change occurred between VISS and
beta movement in the order of presentation.
A trial consisted of an ascending series and a
descending series. In the ascending series, the
subject lengthened the ISI starting from 30
ms until VISS ceased to appear, using the
buttons of a switch on the remote-controlled
timer. In the descending series, he shortened
the ISI starting from 300 ms until VISS be-
gan to appear. The upper limit of ISI for pro-
ducing VISS was the average of the ascend-
ing series and descending series. The transi-
tion point was considered as a threshold.

The adjustment task consisted of six blocks
of three trials with a trial for each size condi-
tion per block in random order. A two-
minute rest was given between blocks. The
order effect was counterbalanced between
blocks and across subjects. Five minutes were
given for dark adaptation before the experi-
ment. The subject was tested individually in a
dark room.



164 1. Watanabe

Results

The first block was practice trials and the
other were test trials. Mean upper limits of
ISI were used as data after being averaged for
each subject through five test trials in each
condition. Figure 2 shows the mean ISIs av-
eraged for eight subjects in each size condi-
tion. As is seen in Figure 2, the ISI decreases
as the size of the stimulus increases. The ISI
data were examined by a one-way analysis of
variance. The main effect of size was signifi-
cant (F(2, 14)=10.05, p<.003). The lower test
was performed on the data by using the least
significant difference. A significant difference
was obtained between 0.02° and 0.23° and
between 0.23° and 2.3° (LS§D=21.36, p<.05).
A significant difference was also obtained be-
tween 0.02° and 2.3° (L§D=29.64, p<.01).

Experiment 2

This experiment examined the effects of
the size and the luminance of the stimulus
and their interacting effect on VISS. The size
and luminance of the stimulus were both var-
ied in two levels. The upper limits of ISI for
perceiving VISS were measured following the
same method as in the first experiment under
each condition of size and luminance.

Method
Subjects. The subjects were eight (two fe-
male and six male) undergraduates from
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Figure 2. Mean adjusted upper limits of ISI for per-
ceiving VISS as a function of stimulus size (Experiment 1).
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Figure 3. Stimulus displays used in Experiments 2
and 3. The widths of the stimuli were changed (0.04°,
and 1.15°) with their heights constant (0.23°). The lumi-
nance levels were 3 cd/m? (solid rectangle) and 300 cd/
m? (open rectangle).

Kinki University in Kyushu. All had normal
or corrected-to-normal vision. Two of them
were naive as to the experiment of beta
movement, and the rest had served as sub-
jects in the first experiment.

Apparatus. The apparatus were the same
as used in the first experiment.

Stimulus display. A set of four rectangles of
EL panels was used as a stimulus display. It
was similar to that used in the first experi-
ment. Two sizes of panels were prepared.
The widths of the panels were 0.04° and
1.15° of visual angle, while keeping the height
of the panels constantly 0.23° of visual angle.
Two levels of luminance were prepared: 3
cd/m? and 300 cd/m?® The luminance of 3
cd/m? was produced by mounting a Kodak
Wratten neutral density gelatin filter No. 96
(1% of transmissivity) on the panel of 300 cd/
m? in luminance. Four conditions resulted
from a combination of variables of size and
luminance as shown in Figure 3. A fixation
point was located in the same way as in the
first experiment. It was the same light-emit-
ting diode as in the first experiment, but 0.3
cd/m? in Juminance.

Procedure.  The set of four panels, which
were stimuli, was flashed in the same way as
in the first experiment. The subject was tested
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in a set of 3 tasks: training, observation, and
adjustment. The stimulus display in the
0.04°-300 cd/m? condition was used for the
training task. The adjustment task consisted
of six blocks of four trials, a trial for each of
the four conditions in random order.

The procedure was the same as in the first
experiment except for the changes above.

Results

The first block was practice trials and the
other were test trials, Mean upper limits of
ISI were used as data after being averaged for
each subject through the five test trials in
each condition. Figure 4 shows the mean ISIs
averaged for eight subjects in each condition
of luminance as a function of the size of the
stimulus. As is seen in Figure 4, the ISI de-
creases with an increase in the size. The ISI
decreases more slowly in 300 c¢d/m? condi-
tion than in 3 c¢d/m?® The ISI is shorter in
300 cd/m? than in 3 cd/m?® under the 0.04°
condition. The ISI in 300 cd/m? is almost
equal to that in 3 cd/m? under the 1.15° con-
dition.

The ISI data were examined by using a 2%
2 (luminanceXsize) analysis of variance. A
significant main effect of size was obtained
(F(1, 7)=72.6, p<.01), as well as a significant
interaction effect of luminance with size (F(1,
7)=7.37, p<.05). The ¢ tests were performed
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Figure 4. Mean adjusted upper limits of 181 for per-
ceiving VISS for each luminance level as a function of
stimulus size (Experiment 2).

between two conditions of size under each
luminance condition. The ISI was signifi-
cantly shorter in the 1.15° condition than in
the 0.04° condition under either 3 cd/m? or
300 cd/m? (4(7)=6.76, p<.001; #(7)=3.01,
$<.01). The ¢ tests were performed between
two conditions of luminance under each size
condition. Under the 0.04° condition, the ISI
was significantly shorter in 300 cd/m? than in
3 cd/m? (¢(7)=2.20, p<.05). Under 1.15° con-
dition, no significance was found between the
ISIs in 3 cd/m* and 300 cd/m? (#(7)=0.59,
£>.05).

Experiment 3

This experiment examined the effects of
the size and the luminance of the stimulus
and their interacting effect on VISS, follow-
ing a method similar to that of Ohmura
(1986). The stimulus conditions were the
same as in the second experiment, except that
the duration of the stimulus was shortened.
The peak values of ISI, namely, the values of
ISI for producing optimal VISS were mea-
sured, following the method of limits.

Method

Subjects. The subjects were five male un-
dergraduates from Kinki University in
Kyushu. All had normal or corrected-to-nor-
mal vision. They had served as subjects in the
first or second experiment.

Apparatus. The time schedules of flashing
were controlled by a three-channel digital
timer and a time-controller. The apparatus
was the same as in the first experiment except
for the above changes.

Stimulus display. The stimulus display was
the same as vsed in the second experiment.

Procedure. A set of four panels, which were
stimuli, was flashed in the same way as in the
first experiment. The duration of the panel
was always 30 ms, while the ICI was always
800 ms. The ISIs were 3 ms, 10 ms and every
increment up to 200 ms. A trial started from
the ISI selected at random out of a series of
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the above ISIs. The subject was required to
report whether the quality of VISS was “bet-
ter than,” “equal to,” or “worse than” that in
the previous ISI condition, for each step of
ISI. A trial stopped, when the subject re-
ported the first “worse quality of VISS” after
a “better quality of VISS.” He was tested in
four blocks with a block for each of the four
conditions. A block consisted of eight trials
with four trials for each of the ascending and
descending series in random order. The or-
der effect was counterbalanced across sub-
jects. Before the experiment, the subjects ex-
perienced the change of the appearance
caused by a change of ISI with a trial under
each ascending and descending series for
each condition. Ten minutes were given for
dark adaptation before the experiment. A
five-minute rest was given between blocks.

The procedure was the same as in the sec-
ond experiment except for these details.

Results

A peak value of ISI was determined on the
basis of the clarity of VISS reported by the
subject for each trial. The value was the
mean IST averaged between the ISIs for the
last “better quality of VISS” and the first
“worse quality of VISS.” The first trials of
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Figure 5. Mean peak values of ISI for perceiving

optimal VISS for each luminance level as a function of
stimulus size (Experiment 3).

ascending and descending series in each
block were practice trials, and the other six
trials were test trials. Mean peak values of ISI
were used as data after being averaged for
each subject through the six test trials in each
condition. Figure 5 shows the mean ISIs av-
eraged for five subjects in each condition of
luminance as a function of the size of the
stimulus. As is seen in Figure 5, the ISI is
shorter in the 1.15° condition than in the
0.04° condition, irrespective of the lumi-
nance. The TSI is shorter for 300 cd/m? than
for 3 cd/m?, irrespective of the size.

The ISI data were analyzed by using a 2 X
2 (size X luminance) analysis of variance. A
significant main effect of size was obtained (F
(1, 12)=18.71, p<.005), as well as a significant
main effect of luminance (F(1, 12)=20.62,
£$<.001). No interaction effect was found be-
tween size and luminance (F(1, 12)=0.001,
p>.05).

Discussion

The main purpose of the present study was
to examine the effects of the intensity (the size
and the luminance) of the stimulus on VISS.

The upper limits of the ISI for producing
VISS were measured in the first and the sec-
ond experiments. Both of the experiments
showed that the ISI decreased as the size of
the stimulus increased. If we follow the notion
that the size of the stimulus is contained in
the Korte’s intensity, according to Graham
(1951), the results support Korte’s second
law.

The second experiment showed that the
luminance of the stimulus affected the ISI in
a different way depending on the size of the
stimulus. The ISI was shorter in the high lu-
minance condition (300 cd/m? than in the
low luminance condition (3 cd/m?), when the
size was small (0.04°). There was no differ-
ence between the ISIs in high luminance and
low luminance conditions, when the size was
large (1.15°). The results support Korte’s sec-
ond law, when the size of the stimulus was
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small. However, when the size was large, the
results contradict the law.

After all, it was shown that the size and the
luminance of the stimulus affected VISS gen-
erally according to Korte’s second law. The
result was compatible with Graham’s (1951)
notion that Korte’s (1915) intensity includes
not only the luminance but the size of the
stimulus. It was also shown that the effects of
the size and the luminance interacted with
each other. This is not explained by Korte’s
second law. It is interpreted as follows.
Ricco’s law (Ricco, 1877) states that there is
an inverse relation between the size and in-
tensity required for detection of light. Piper’s
law (Piper, 1903) also states a similar relation
between them with a little difference. Accord-
ing to these laws, a weak light that was not
detectable when not large, is detectable when
it is Jarge. However, these laws do not apply
beyond a certain size. Beyond that size, de-
tectability of light remained constant irrespec-
tive of the size. The total effect of light over
space, therefore, is detected by the visual sys-
tem, but within certain size limits (Hood &
Finkelstein, 1986). The system also functions
similarly for perception of beta movement
and VISS. The luminance and the size, in
total, function as the intensity for producing
VISS. When the stimulus is 1.15° in size and
3 c¢d/m? in luminance, the total intensity due
to the size and the luminance already exceeds
the critical intensity level of the visual system.
Hence, the further effect of increasing lumi-
nance was not clear in the 1.15° condition.

The other purpose of the present study was
to answer the question why the different ef-
fects of intensity on VISS were obtained be-
tween Ohmura (1986) and Watanabe (1992).
The third experiment was performed to an-
swer the question. The peak values of ISI
were measured for producing optimal VISS,
while the stimulus conditions were almost the
same as in the second experiment. The third
experiment was similar to Ohmura (1986), in
that both attached importance to the good-
ness of VISS and examined its quality, one

aspect of VISS. Watanabe (1992) and the sec-
ond experiment measured the upper limits of
ISI for producing VISS. This was because
they attached importance to a differentiation
between VISS and beta movement in the
presented order, and examined a transition
point at which a change occurred between
them, the other aspect of VISS. If the differ-
ent effects were ascribed to the difference in
the aspect of VISS examined between
Ohmura (1986) and Watanabe (1992), the ef-
fects of intensity would not be found in the
third experiment.

The results were as follows. The ISI de-
creased as the size of the stimulus increased,
irrespective of the luminance of the stimulus.
The ISI decreased as the luminance in-
creased, regardless of the size. The results
replicated those of the second experiment
with the exception that no interaction was
found between size and luminance.

Both of the second and the third experi-
ments show the effects of intensity (size and
luminance) in spite of the difference in the
aspect of VISS examined. Ohmura (1986)
did not demonstrate the effects of luminance,
although she examined the same aspect of
VISS as in the third experiment. The results
indicate that the different effects of the inten-
sity could be explained not by the difference
in the aspect of VISS examined, but by dif-
ferences in the method used.

The method used in the third experiment
was different from that of Ohmura (1986) in
two ways. First, the range of the varied inten-
sity was larger in the present study than in
Ohmura (1986). The range was from 13 cd/
m? to 220 cd/m? in Ohmura (1986), but 3
cd/m? to 300 cd/m? in the present study.
Watanabe (1992) has showed that the effect
of luminance was clear in the low luminance
condition, but not in the high luminance con-
dition. In the present study, the clear effect of
luminance resulted from the extended range
of the luminance especially towards low lumi-
nance. The difference in range was sufficient
to lead to different results. Second, ISI was
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varied in small steps of 10 ms in the present
study, while SOA was varied in rough steps
(30, 70, 100, 130, 160, 200, and 260 ms) in
Ohmura (1986). SOA is translated into ISI by
subtracting the duration from SOA. The dif-
ference in ISI produced by the luminance
was about 15 ms in the present study. The
small steps of varied ISI was useful to obtain
the differental effect of the luminance in the
present study.

In summary, the present study showed the
effects of the intensity on VISS that followed
Korte’s second law. The results support
Ohmura’s (1982) notion that VISS is func-
tionally equivalent to beta movement and
that it is, in form, regarded as a compound
phenomenon consisting of two beta move-
ments.

Many have tried to examine the effect of
intensity on classical beta movement between
two sumuli (Caelli & Finlay, 1981; Lane &
Horne, 1964; Neff, 1936; Neuhaus, 1930;
Ogasawara, 1936). In spite of Korte’s law,
they could not succeed in obtaining evidence
of the effects of intensity. Ogasawara (1936)
failed to show the effects of the size. Caelli
and Finlay (1981) found no difference due to
the luminance and size of the stimulus, and
none due to the contrast between the stimu-
lus and the background. The lack of evidence
for intensity was because of the restrictions
imposed by the experimental apparatus used.
For example, in Caelli and Finlay (1981),
they presented the visual stimuli on a CRT. It
did not allow ISI to change in such small
steps as in the present study, though intensity
was varied in as large a range. As mentioned
above, it is important to change the ISI in
small steps to obtain the effects of luminance.
At any rate, the effects of intensity were
clearly demonstrated in the present study.
This suggests the possibility that some effects
of intensity should also be found in a careful
study of classical beta movement between two
stimuli.

Incidentally, how are the different results
to be explained between the second and the

third experiments? Although the stimulus
conditions were almost the same, the interac-
tion between size and luminance was found
in the second experiment, but not in the third
experiment.

There was a little difference in methods
between experiments. The duration was 50
ms in the second experiment, and 30 ms in
the third experiment, in addition to differ-
ences in the measured phenomenon. The dif-
ference in duration was apparently small, but
may have strongly affected the results.

Bloch’s law (Bloch, 1885) states that there
is an inverse relation between duration and
the intensity required for detection of light.
According to the law, a weak light that was
not detectable when short in duration, is de-
tectable when it is long in duration. However,
the law does not apply beyond a certain dura-
tion. Bloch’s, Ricco’s, and Piper’s laws mean
that the total effect of light over space and
time is detected by the visual system, but
within a certain size and duration (Hood &
Finkelstein, 1986). The system also functions
similarly for the perception of beta movement
and VISS. The luminance, size, and dura-
tion, in total, function as the intensity for pro-
ducing VISS. Therefore, when the stimulus
was 1.15° in size, 3 cd/m? in luminance, and
50 ms in duration, the total intensity of the
size, luminance, and duration exceeded the
critical intensity level of the visual system in
the second experiment. The total intensity
did not exceed the critical intensity level in
the third experiment, when the stimulus was
the same in size and, luminance as in the sec-
ond experiment, but 30 ms in duration.
Hence, the effect of increasing luminance was
found in the 1.15° condition of the third ex-
periment.

A preliminary experiment was performed
before the third experiment to test whether a
differential effect of the intensity is obtained
with the duration of 50 ms. The experiment
found that the peak value of the ISI was
nearly zero in either condition of intensity at
that duration and a differential effect was un-
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likely. The duration was, therefore, shortened
from 50 ms to 30 ms in the third experiment.
In this way, the hypothesis was proved true.
In addition, there still remains the possibility
that the difference was caused by the mea-
sured phenomenon. The possibility should be
tested in another study.

Finally, how should the results be related
to the recent processing model? Many studies
suggest that motion perception is mediated
by two types of sub-systems: short-range and
long-range processes. A short-range process is
thought to occur at a relatively early level of
the visual processing, whereas the long-range
process is thought to occur at a higher level of
the system. The short-range process is differ-
entiated from the long-range process by its
short-spatial range (below 0.25° of visual
angle), brief temporal range (below 100 ms in
ISI), motion aftereffects, and so forth (Anstis,
1978; Braddick, 1974; Cavanagh & Mather,
1989). The present study was concerned with
the motion perception mediated by a long-
range process because the stimulus configura-
tion was long in spatial distance and long in
ISI. If we are right in considering VISS as a
kind of beta movement, the present study has
indicated that the long-range process is af-
fected by intensity in some level of the visual
processing system.

How is VISS produced in the visual proc-
essing system? Studies about the correspon-
dence problem are useful to answer the ques-
tion (Ullman, 1979). The correspondence
problem is as follows. When more than one
element were contained in two different
frames and alternated, how are the elements
matched between the frames and to be per-
ceived as a single object in motion? The
problem is discussed in the split motion task,
where R, a stimulus in the first frame, is re-
placed by A and B, two simultaneous stimuli
in the second frame, flanking on either side of
R with the ISI between the frames. When A
and B are equal in distance from R, a split
motion is seen from R to A and B. When
they are not equal in distance, motion is seen

towards the stimulus with the shorter dis-
tance. The type of motion is supposed to be
determined by not only the distance but the
similarity in brightness, length, and orienta-
tion between the elements, and the timing.

Ullman (1979) states that the correspon-
dence between the elements is governed by a
certain built-in metric, termed “affinity” or
correspondence strength. Motion correspon-
dence is established between elements that
have the largest affinity in the situation. The
affinity is calculated primarily on the basis of
the distance, the ISI, and the similarity be-
tween the elements. The affinity increases
with a decrease in distance between the ele-
ments and with an increase in similarity. The
effect of affinity is supposed to be clear in the
short ISI but unclear in the long ISL

The correspondence problem applies to
VISS in the following way. Consider the af-
finities among the elements, A, B, C, and D.
All the elements are the same. The distances
between A and B and between C and D are
equal and shorter than those between A and
C, between B and C, and between B and D.
For the short ISI, the affinity based on the
distance predicts VISS, that is, two lights
moving from A to B and from C to D. For
the long IS, however, the effects of affinity is
not clear and therefore a light is seen moving
in the presented order. In this way, the affin-
ity explains why VISS is seen in the short ISI.

The effect of the ISI should be further ex-
amined. The stimulus configuration in the
VISS task is not exactly the same as in the
split motion task. In the split motion task,
ambiguous stimuli, A and B, are presented
simultaneously following R. In the VISS task,
four stimuli is presented successively in the
order of A, C, B, and D. Ambiguous stimuli,
B and C are presented successively following
A. Stimuli, B and D, are also presented in the
same way following C. The ISI from A to B (i
[A, B]) is always the total of 50 ms plus twice
the ISI of A to C (i [A, C]). The ISI from C
to D (i [C, DJ) is also the total of 50 ms plus
twice the ISI of C to B (i [C, B]). This means
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that the difference between i [A, B] and 1 [A,
C] is magnified as the ISI increases. The dif-
ference between i [C, B] and i [C, D] is also
magnified. As a result, the difference is small
between 1 [A, B] and i [A, C], and between
i [C, B] and i [C, D] when the ISI is short.
When the ISI is long, the difference is large
between i [A, B] and i [A, C], and between
i [C, B] and i [C, DJ].

According to Ullman (1979), the short ISI
does not affect the affinity due to the other
variables, and the increase in ISI makes the
affinity more uniform. The obtained results in
the present study are consistent with
Ullman’s theory even if two ambiguous
stimuli are presented successively. The results
also suggest that the ISI has strong relations
with the affinity at the longer ISI. For ex-
ample, the ISI decreased gradually in accor-
dance with increasing the size of stimulus.
This means that the ISI affects the affinity
differentially depending on the stimulus con-
dition. Remember that VISS is produced eas-
ily when the ISI is short. In addition, VISS is
exactly a motion correspondence produced
by the affinity. The results indicate that the
affinity increases with a decrease in ISI be-
tween the elements.

The present study also showed that the ISI
decreased as the intensity (size and lumi-
nance) increased. This means that the affinity
should be strengthen by shortening the ISI in
accordance with increasing the intensity. If it
is right that the ISI contributes to the affinity
in the above-mentioned way, the intensity
(size and luminance) is supposed to decrease
the affinity.
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