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Abstract—Sensitivity to horizontal shearing motion in random dots was measured as a function of
common image motion amplitude. Without common image motion, thresholds for differential motion
are comparable or better than vernier acuity. Above about 2 arc min of common image motion there is a
proportionate increase in motion parallax thresholds such that for 20 arc min of common image motion,
differential motion thresholds have risen by an order of magnitude. This differs from a comparable lack
of threshold elevation for vernier acuity targets under similar conditions of movement (Westheimer and
McKee, 1975). By varying movement duration, it can be shown that common image motion amplitude
rather than common image velocity is the primary determinant of the effect. Furthermore this degrada-
tion of performance is not affected by changes in random dot size. Under favorable circumstances the
phenomenon can also be seen with differentially moving vernier lines. The effect shows directional
selectivity such that common motion directions closest to the horizontal leads to the greatest interfer-
ence. The results add weight to the view that differential motion hyperacuity is mediated by a separate

mechanism than differential position hyperacuity.

INTRODUCTION

In 1975, Westheimer and McKee reported that retinal
image motion had a surprisingly small effect in
degrading the discrimination of visual acuity and
hyperacuity targets. Landolt C resolution as well as
vernier acuity remained essentially unimpaired for im-
age velocities up to 3°/sec. Special mention was made
with regard to vernier targets, “...the task can be
accomplished to a precision of the order of a fifth of a
receptor diameter while the configuration is moving
across the retina at rates up to 300 receptors per sec.”
Such results show that the visual system is remark-
ably sensitive to very small differences in relative reti-
nal position regardless of large changes in absolute
retinal position.

Vernier acuity, however, is only one type of hyper-
acuity among many, including stereoacuity. Another
distinct type of hyperacuity involves the detection of
relative motion rather than relative position
(Nakayama and Tyler, 1981). Because of the simul-
taneous and very sensitive ability to detect very small
differences in relative position, however, the isolation
of motion hyperacuity has been extremely difficult.
Graham et al. (1948), for example, measured the
threshold for differentially moving vernier lines but
they could not determine whether the actual detection
of the moving stimulus was based on relative motion
or whether the detection was inferential, based on the
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comparison of a series of successive vernier acuity
judgements. .

Recently Nakayama and Tyler (1981) have demon-
strated a technique to remove this ambiguity between
relative position and relative motion hyperacuity.
Two types of visual pattern were subjected to a differ-
ential horizontal shearing motion, equivalent to a
transverse standing wave. When stationary, the two
patterns consisted either of a straight vertical line or a
dense field of random dots (Julesz, 1971). Despite the
fact that the actual parameters of motion were the
same in both cases (in terms of the spatial and tem-
poral frequency of the movement), a large and an
important difference emerged.

The detection of horizontal shearing motion in the
straight vertical line was essentially independent of
movement temporal frequency. This occurred because
the observer could see the change in shape of the line
as various sections of it moved differentially. For the
random dot pattern, however, the threshold ampli-
tude required for detection rose dramatically as the
temporal frequency was reduced. In other words for
very low temporal frequencies, corresponding to the
lowest velocities of motion, the observer was unable
to detect the presence of very large differential dis-
placements (over 10 times the vernier acuity
threshold). This remarkable lack of positional sensi-
tivity when using the random dot stimulus confirms
earlier statistical arguments which have deduced that
the brain must be severely limited in its information
processing capacity (Attneave, 1954; Barlow, 1961).
When overloaded as in the case of a random dot
pattern, it is forced to disregard details, such as the
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Fig. 1. Random dot array as it appears in its static form.

When moved differentially (see text). its pattern of motion

can be described in terms of the sum of two velocity vector
fields (see Fig. 2).

exact positional relation of the individual random
dots. coding only the general features. movement, tex-
ture, etc.

Equipped with a stimulus which can isolate move-
ment from position sensitivity, Nakayama and Tyler
made several additional observations. First were the
threshold values. They required only a minimum of 5
arc sec of differential displacement if the velocity
threshold was also reached (approx. 25 arcsec/sec).
Most remarkable was the very large spatial range
over which this tiny differential displacement was de-
tectable. Performance was optimal when the spatial
separation of the area between maximum moving
points were over 2.5 deg apart. The above result sug-
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gested a very large difference between motion and
positional hyperacuity, indicating that motion hyper-
acuity is not based on measured forms of positional
sensitivity. As such it is of particular interest to see
whether it is also very different in its ability to with-
stand the presence of small amounts of retinal image
motion.

METHODS
Stimulus

The primary stimulus in its static form was a 3 deg
circular field of random picture elements (pixels), such
that each pixel subtended 2.0 arc min at the normal
viewing distance of 160 cm.

To obtain this pattern, a repeating two-level
pseudo-random video signal was generated using a 14
bit shift register clocked at a very fast rate (6 MHz).
Synchronization of this video signal and a 400 Hz ras-
ter produced a static field of random dots appearing
on the CRT screen as seen in Fig. 1. Further details of
the stimulus generating apparatus are described else-
where (Nakayama and Tyler, 1981).

Movement of the random dots consisted of two
separate vector components. First, there was a differ-
ential component in which the top and bottom half of
the screen moved with equal amplitude but in oppo-
site horizontal directions. Second, there was a com-
mon component which could be moved in any direc-
tion and over a wide range of velocities. These two
components add vectorially producing a composite
motion. Figure 2 shows two examples of component
The observers psychophysical task was to detect the
differential component from the composite velocity
field.

Fig. 2. Differential and common motion components as they add to form a composite motion field.

Upper panel shows addition of horizontal differential motion to a horizontal common motion. Lower

panel shows addition of horizontal differential to an oblique common image motion. The observer’s task
is to identify the direction of the differential motion.
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Fig. 3. Effect of common image motion amplitude on displacement thresholds for differential motion in

a random dot pattern (two observers). Differential motion consists of a split screen as seen in Fig. 2 and

common motion is horizontal (as seen in the upper panel of Fig. 2). Duration of motion is 100 msec.
Pixel size is 2 arc min.

To generate the differential motion stimulus, a
computer-generated voltage ramp was fed into the
AM input of an AM/FM function generator set in the
square wave mode. Unless noted, this function gener-
ator was set at a carrier frequency close to the screen
refrésh rate, so that when synchronized to the CRT
raster and fed into the CRT x axis, the screen moved
differentially with the upper half moving in the oppo-
site horizontal direction with respect to the lower. To
generate the common image motion in any direction,
additional digital ramps with amplitudes proportional
to Acosf and Asinf were fed into the x and y axis
respectively (6 denotes the angle of the common
motion with respect to a horizontal direction, and A
represents the total displacement). The digital “move-
ment” ramps were produced by a machine language
subroutine such that the time between each individual
ramp step was kept small, as low as 600 usec and
never exceeding 5 msec. This timing, coupled with the
high refresh rate of the raster (400 Hz), ensured that
there was never any perceived discontinuity of
motion. The motion was always seen as smooth, with
no hint of any stroboscopic appearance.

In addition to this “split-screen” random dot-
stimulus, two other configurations of movement were
employed. First, we used the same random pattern
but with nine equally spaced horizontal panels of dif-
ferentially moving areas, such that each panel moved
as a rigid unit in a direction opposite to its neighbor-
ing panels (see inset of Fig. 7). Second, we utilized a
vernier type line undergoing a differential motion (see
inset in upper right of Fig. 8).

Procedure

To eliminate the contaminating effects of eye
movements, the differential and the common motion
were confined to a time period less than the reaction
time for a pursuit eye movement. Thus, all move-
ments in this study (with one exception) were
100 msec or less, well below the latency generally
attributed to pursuit. To prevent a systematic im-
provement in performance as a result of anticipatory

pursuit eye movements (Kowler and Steinman, 1979),
the direction of the common motion was randomized
from trial to trial. For example, common motion at
30° counter-clockwise to the horizontal was randomly
alternated between an 8 o'clock and a 2 o'clock direc-
tion.

Staircase forced choice psychophysical techniques
were used for all experiments. Depending on the par-
ticular task, either a two interval or a one interval
paradigm was adopted. For the two interval case, the
observer had to designate in which interval the differ-
ential movement occurred, whereas for the one inter-
val case, the observer had to specify the direction of
the differential movement.

In each case (whether it be a one or two interval
paradigm) an interval began by the appearance of the
random dot stimulus replacing the blank [eature-
less screen. After 0.5 sec, the constant velocity move-
ment began and this was accompanied with a tone.
Two hundred and fifty milliseconds later, after the
movement had stopped, the dot display was removed
and again replaced by the featureless screen. Mean
luminance of the display was 70 cd/m?, contrast held
at 55%,. The room was moderately illuminated and
between trials the oscilloscope face had a luminance
of 20 cd/m?2.

Before conducting the staircase procedure, the ob-
server adjusted a control to generate a differential
movement amplitude slightly above the perceived
threshold. This value determined the starting point of
the staircase sequence. Following the observer's re-
sponse, a buzzer signaled whether the response was
incorrect. If the observer made 3 consecutive correct
responses, the differential movement amplitude was
decremented by an eighth log unit step. Only one
error, however, incremented the amplitude by the
same step size.

Thresholds obtained approximate a 79.4%, correct
level. To remove the variable effects of observer
“warm up”, the computer was instructed to begin the
data collection only after the second reversal in the -
staircase. After this point, the experiment continued
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until there were a total of nine staircase reversals. The
stimulus values after the second reversal were aver-
aged to provide an estimate of the observers psycho-
physical threshold. An average of approx. 40 presen-
tations (or pairs of presentations for the two interval
forced choice paradigm) were necessary to reach this
nine reversal criterion. Each plotted point in this
paper is the average of at least 4 such staircase
sequences.

RESULTS

The primary experiment examined the influence of
common motion amplitude on differential motion
thresholds. The movement pattern is schematized by
the upper panel of Fig. 2 showing that the differential
and the common motion are confined to the horizon-
tal direction. A one-interval forced choice procedure
was used. The observer had to specify whether the top
portion of the split screen moved to the right or left
relative to the bottom portion.

At the outset, it should be noted that under some
circumstances motion parallax sensitivity can be
excellent (Fig. 3). For the smallest values of common
image motion, only 5 arc sec of differential displace-
ment is required, a result which is as good or better
than that reported for vernier acuity.

The principal finding of this study is that for both
observers (Fig. 3) there is an orderly increase in the
differential movement threshold as the common im-
age velocity is increased beyond a critical “break-
point” and this is very different from the results
obtained when measuring vernier acuity in the pres-
ence of retinal image motion.

Note the differential movement threshold for a
common image motion of 20 arc min (over a 100 msec
interval). This corresponds to a velocity of 200 arc
min/sec or 3.3"/sec. Using comparable velocity and
duration, Westheimer and McKee (1975) found essen-
tially no impairment in vernier acuity (a finding also
confirmed below, see later, also see Fig. 8). For differ-
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Fig. 4. Same experiment as in Fig. 3 except with a larger

pixel size, equal to 5.6 arc min. Observer is K.N. Note that

the break point in the function remains essentially the

same as for a smaller pixel size (compare to K.N.'s results
in Fig. 3).
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ential motion sensitivity, however, there is an unmis-
takeable increase in the differential motion threshold,
approximating 75 arc sec, a 13 fold increase over the
case where there is no common motion.

Besides this principal finding, several other aspects
of the data should be noted. First, is the lack of any
impairment for common image motion below 15-20
arc min/sec or a total displacement of 1.5-2 arc min.
Second, is that beyond this 2 arc min break point, the
rise in thresholds are seen to approximate Weber’s
law, having a slope of + 1 when plotted in the log-log
form. Weber fractions for the two observers are ap-
proximately 5%, a figure comparable to the differen-
tial velocity sensitivity obtained by McKee (1981)
when comparing successive episodes of motion.

The fact that the break point in Fig. 3 in terms of
total displacement (2 arc min) is very close to the
picture element size raises the issue as to whether
pixel size determines this break point. To answer this
question the pixel size was increased to 5.6 arc min,
accomplished by reducing the viewing distance to
57 cm and appropriately masking the CRT display to
preserve a field size of 3°. Figure 4 shows that the
relation between motion parallax threshold and com-
mon image motion amplitude remains essentially
unchanged. The break point where the threshold
begins to rise does not shift up to 5.6 arc min but
remains in the same position at 2 arc min. Increasing
the pixel size does not displace the position of this
break point. This indicates that differential motion
sensitivity suffers degradation above a displacement
of approx. 2 arc min. It rules out any simple explana-
tion based on picture element size.

Displacement vs velocity

The experiments described so far have all used the
same duration of 100 msec. Thus an increasing com-
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Fig. 5. Rise in differential movement threshold plotted as a
function of common image displacement amplitude for
three different durations of motion. Open circles represent
a 12 msec duration, open squares represent a 100 msec dur-
ation and filled circles represents a 200 msec duration
movements. Note that the break points of the curves super-
impose most satisfactorily when plotted in these terms
rather than in terms of common image velocity (as seen in

Fig. 6).
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Fig. 6. Same as in Fig. 5 except the thresholds are plotted
in terms of common image velocity rather than common
image displacement.

mon motion amplitude has always been confounded
by an increase in common image velocity. What hap-
pens if this relation between velocity and displace-
ment is altered? Is the impairment determined mainly
by the velocity of the common motion or is it deter-
mined by the displacement? To answer this question,
the same type of experiment was repeated but with
two additional movement durations, 12msec and
200 msec.

The results indicate that common image displace-
ment rather than common image velocity is the
dominant factor, especially in determining the break
point of the basic function. Figure 5 shows differential
thresholds plotted against image displacement for
three durations (12, 100 and 200 msec). In each case,
the point where the threshold rise begins, corresponds
to the same 2 arc min displacement mentioned earlier.
On the other hand plotting the same thresholds as a
function of image velocity (see Fig. 6) shows no super-
imposition, especially in terms of the break point. Im-
age displacement rather than image velocity is the
important factor.

A secondary aspect to be noted is the much steeper
slope seen for the 12 msec duration of movement. The
differential threshold rises much more rapidly than
predicted by Weber’s law, although it appears to be a
straight line on the log-log coordinate representation
(open circles in Figs 5 and 6). The disproportionately
large amount of differential velocity required to over-
come common image motion for this short duration
of movement indicates that a minimal time is required
for the the coding of sequence direction. This particu-
lar phenomenon will be the subject of a subsequent

paper.
Influence of common motion direction

Psychophysical and electrophysiological evidence
indicates that there is directional selectivity in motion
sensitive mechanisms. Psychophysical masking ex-
periments indicate that the directional channels have
a full angular tuning width of around 60° (Ball and
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Sekuler, 1979). Electrophysiological studies show
various degrees of directional selectivity ranging from
a very broad angular tuning (Barlow and Hill, 1963)
to more narrow angular tuning (Frost er al.,, 1978).

In order to examine the correlates of these hypo-
thetical channels in the present study, differential
horizontal motion thresholds were measured in the
presence of different directions of common image
motion. If the detection of the horizontal shearing
motion were based on velocity mechanisms sensitive
to direction of motion, one might expect that as the
angle of the motion became greater with respect to
the horizontal, the interfering effects of the common
motion should diminish.

By introducing a vertical component in addition to
the horizontal component when presenting common
motion in different directions the border location
between the upper and lower panel could become
uncertain. To make sure that this uncertainty alone
could not contribute to any result obtained by vari-
ation of common image motion direction, the differ-
ential movement configuration was altered. Instead of
a single split screen of differential motion, the hori-
zontal shear consisted of multiple panels of motion
each subtending a vertical angle of 20 arc sec (see
inset of Fig. 7) with each panel moving in the opposite
direction with respect to its adjacent neighbor. The
introduction of these differentially moving panels pro-
vided the observer with no incentive to fixate a par-
ticular set of dots on the screen.

In this experiment the two alternative forced choice
paradigm was used because the observer was unable
to distinguish one direction of differential motion
from the opposing direction. Figure 7 shows the
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Fig. 7. Effect of angular orientation of the common motion
on the elevation of displacement thresholds for differential
horizontal motion. Threshold displacement for detecting
differential motion in the absence of any common image
motion is depicted as the open circle and dashed horizon-
tal line and is 17 arc sec. The differential motion stimulus is
a series of horizontal panels each subtending 20" in the
vertical direction and moving in opposite directions (see
Insert). Filled circles show threshold elevation for differing
angles of common image motion with respect to the hori-
zontal, Each point represents the data obtained from 240
of stimulus presentations.
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thresholds obtained without any common motion
(open circle) and for 4 different directions of common
image motion (filled circles).

First it should be noted that the threshold without
any common motion is considerably higher than that
obtained in the earlier experiments. It is 17 arc sec as
opposed to around 5 arc sec (see Figs 3-6), confirm-
ing the fact that differential motion sensitivity is
poorer at higher movement spatial frequencies (Nak-
ayama and Tyler, 1981).*

Of primary interest is the fact that the interfering
effects of common image motion show a noticeable
degree of directional selectivity. Motion confined to
within 30° of the horizontal raises thresholds con-
siderably more than motion which has a direction
which is further away from the horizontal, although
there is a clear interference even for common motion
which is orthogonal.

This finding suggests that we are dealing with a
process which has directional selectivity and it
reduces support for the view that the interference
attributed to common image motion is a non-specific
masking effect, perhaps of the type that has been sug-
gested to account for saccadic suppression (MacKay,
1970).

Vernier-type line stimuli

The random dot experiments demonstrate a large
susceptibility of differential motion sensitivity to the
degrading effect of common image motion if the com-
mon image motion exceeds a displacement of ap-
proximately 2 arc min. To show that the phenomena
is not a quirk confined to moving random dots, but
applies to other moving stimuli as well, an additional
experiment was conducted using differentially moving
lines.

The target consisted of a pair of lines in a vernier
type configuration. It differed from the classical ver-
nier stimulus, however, by a very large horizontal
average offset, over 15 arc min (900 arc sec) and an
even larger vertical separation (20 arc min).

This large separation between the two vernier lines
was adopted to minimize the observers ability to per-
form the task on the basis of differential position
rather than differential motion. Westheimer (1979), for
example, has shown that observers are surprisingly
accomplished at judging and memorizing the dis-
tances between lines, showing an accuracy compar-
able to vernier acuity if the lines are separated by
distances as great as 5 arc min. Only when distances
between line stimuli are sufficiently great does motion
sensitivity dominate over position sensitivity in the
determination of psychophysical thresholds. With this
modified vernier configuration, the observer had diffi-
culty in noticing whether the offset is larger or smaller

* It should be emphasized that spatial frequency refers to
the spatial frequency of the differential movement rather
than the more usual meaning which refers to the spatial
frequency of the luminance distribution.
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Fig. 8. Influence of common image motion on differential
movement and differential position (vernier acuity) sensi-
tivity. Open circles show the effect of common motion on
differential movement thresholds using vernier lines. Line
width is 2.0 arc min. Inset labeled differential movement
shows an example of such lines moving at different veloci-
ties. Open dots represent vernier acuity thresholds (see
inset upper left) as they were obtained for the same range
of velocities. Duration in each case is 100 msec.

at the beginning and end of the movement. Thus, at
least over some range (see below), motion sensitive
rather than position sensitive mechanisms were
required (Nakayama and Tyler, 1981).

In its procedure, the experiment was identical to
the ones using random dots. The offset pair of lines
were presented to the observer. They underwent the
composite motion consisting of the common and dif-
ferential horizontal components, and the observer was
required to identify the direction of the differential
motion.

The function depicted by the open circles and solid
line in Fig. 8 shows the relation between differential
movement threshold and image velocity for this ver-
nier type stimulus. Note that beyond an image dis-
placement of approx. 2 arc min, the threshold also
begins to rise, as it did with the motion task using the
random dots.

Because the elevation of threshold for the inter-
mediate displacements are the same for the vernier
line stimulus and the random dot stimulus, it is
reasonable to conclude that the interfering effects of
image motion are due to the common motion of the
target rather than to some nen-specific masking effect
emphasized particularly by the displacement of a
whole field of random dots. Thus, the elevation of
differential motion thresholds by common image
motion indicates that the primary finding of this
paper is not a peculiarity confined to moving random
dot stimuli.

It should be obvious, however, that as common
image motion is further increased, beyond 10 arc min
using the line stimulus, it shows a correspondingly
smaller rise in differential movement thresholds and
deviates from Weber’s law (Fig. 8). This differs signifi-
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cantly from the results obtained using the random
dots, where the threshold rises proportionately over a
much greater range. The falloff in the threshold rise is
best understood by considering the contaminating
effects of positional information (Nakayama and
Tyler, 1981). At threshold, detection is made solely on
the basis of velocity sensitive mechanisms because at
the offset distance of the vernier lines, differential pos-
ition thresholds are higher than differential motion
thresholds. As the common image velocity increases
above a certain value (approx. 2 arc min) the motion
threshold rises in proportion to Weber’s law. Beyond
a certain point. however, it rises so high that it is
finally higher than the threshold to detect differences
in differential position. Under these conditions differ-
ential position, not differential motion, determines the
threshold.

The interpretation is obvious to the psychophysical
observer. Above a certain amount of differential
movement, he notices that the horizontal distance
between the lines has changed before and after the
movement, and he can often use this positional infor-
mation when making the forced choice judgment.

To make a direct comparison of the present results
with those reported for vernier acuity, we also con-
firmed the key finding of the Westheimer and McKee
(1975) study. In this instance, the observer’s task was
a simple vernier acuity task, again using the one-inter-
val forced choice procedure. The observer had to
designate the top portion of the vernier target in re-
lation to the bottom portion using a staircase pro-
cedure where target velocity was varied. The vernier
stimulus appeared coincident with the beginning of
the motion and disappeared at the termination of
motion and the direction of the image motion was
randomized from trial to trial. Thus the vernier target
was always moving when visible and was visible only
for 100 msec. A peripheral square of fixation LEDs
(sides equaling 2 deg) provided a figure within which
the subject could centrally fixate.

The function represented by the open squares and
the dashed lines in Fig. 3 shows that there is essen-
tially no effect of retinal image motion on this vernier
acuity task. Vernier acuity remains at its optimal
value above 3%/sec (displacement of 20 arc min).

Thus the two experiments using vernier line stimuli
show very different effects. Differential motion hyper-
acuity is severely degraded by retinal image motion,
whereas vernier acuity is not.

DISCUSSION

Superficially, human sensitivity to motion parallax
appears comparable to vernier acuity; both can detect
shifts on the order of 5 arc sec. Despite this apparent
similarity in absolute sensitivity, however, there are
three important differences. First, is the fact that
although vernier acuity and differential motion hyper-
acuity require a minimum positional offset, differen-
tial motion sensitivity also requires a minimum vel-
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ocity (Nakayama and Tyler, 1981). Second, is the dif-
ferent spatial range over which the detection of differ-
ential motion is most sensitive. In contrast to position
sensitivity (as exemplified by vernier acuity), differen-
tial motion sensitivity is optimal when the separately
moving areas are large. This indicates that the hypo-
thetical receptive fields mediating the threshold per-
ception of motion are also very large, exceeding 27,
even in the foveal region. The present study reveals a
third difference between the two forms of sensitivity,
namely the lack of tolerance of differential motion
sensitivity to common image motion. These three dif-
ferences indicate that motion and position sensitivity
are subserved by very different neuronal subsystems,
with different spatial properties, and different compu-
tational logic.

The exact nature of the relation between parallax
detection and common image motion deserves ad-
ditional comment. Of interest is the existence of a
tolerance zone. Image motion of less than 2 arc min
appears to have essentially no effect on differential
motion thresholds and this holds whether the target is
a set of random dots, or a line, or whether the pixel
elements are differing in size. In all cases the tolerance
zone is the same.

The fact that this tolerence zone is descriptive only
in terms of image displacement and not in terms of
image velocity may be significant. It suggests that
although we are dealing with a system specialized for
the detection of motion, thus having space-time
properties, its spatial properties may be particularly
revealed by these psychophysical findings. A similar
view also seems to emerge with regard to an upper
spatial limit of motion processing, where investigators
have found that there is a short range movement pro-
cessing limit which fails above 15 arc min, and this
limit holds under a wide variety of temporal con-
ditions (Banks and Kane, 1976; Braddick, 1974).

Implications for space perception and oculomotor
function

Motion parallax sensitivity has often been con-
sidered as a potential carrier of depth information

. (Helmholtz, 1962; Gibson, 1950) and it has been sug-

gested that velocity sensitive neurons having cen-
ter-surround organization could play a major role in
the delineation of surface edges in three dimensional
space (Nakayama and Loomis, 1974; Prazdny, 1980).
Furthermore recent psychophysical evidence also sup-
ports a significant role for motion as a cue to depth
(Rogers and Graham, 1979), effectively removing
doubts raised by earlier studies.

The present experiments show a fundamental limi-
tation of the visual system’s capacity to extract differ-
ences in velocity between adjacent regions in the face
of common image motion. Could this limitation pre-
vent the registration of depth information obtained
from motion parallax?

At the outset, it should be recognized that within 4
particular region of visual field, common image
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motion due to observer translation, can be nulled by
appropriate rotations of the eye (see mathematical
appendix of Nakayama and Loomis, 1974). Thus the
oculomotor system could play a major role in over-
coming limitations of differential motion processing
as observed in this paper. In fact, its potential role in
the extraction of differential velocity information
appears far greater than its role in stabilizing the eye
to obtain good visual acuity. Large errors of eye
stabilization have little consequence in degrading vis-
ual acuity (Westheimer and McKee, 1975) or stereo-
acuity (Westheimer and McKee, 1979), but would have
large consequences in degrading the perception of dif-
ferential velocity. As such, it is possible that the main
selective pressure on the evolution of eye fixation and
stabilization reflexes is not to ensure good visual
acuity (Walls, 1961) but rather to ensure the optimal
pickup of motion parallax information.

REFERENCES

Attneave F. (1954) Some informational aspects of visual
perception. Psychol. Rev. 61, 183-193.

Ball K. and Sekuler R. (1979) Masking of motion by broad
band and filtered directional noise. Percept. Psychophys.
26, 206-214.

Banks W, P. and Kane D. A. (1963) Discontinuity of seen
motion reduces the visual motion aftereffect. Percept.
Psychophys. 12, 69-72.

Barlow H. B. (1961) Possible principles underlying the
transformations of sensory messages. In Sensory Com-
munication (Edited by Rosenblith W. A.), pp. 217-234.
Wiley, New York.

Barlow H. B. and Hill R. M. (1963) Evidence for a physio-
logical exploration of the waterfall phenomenon and
figural aftereffects. Narure, Lond. 200, 1345-1347.

KEN NaAKAYAMA

Braddick O. (1974) A short range process in apparent
motion. Vision Res. 14, 519-528.

Frost B. (1978) Moving background patterns alter directio-
nally selective responses of pigeon tectal neurons. Bruin
Res. 151, 599-603.

Gibson J. J. (1950) The Perception of the Visual world.
Houghton-Mifflin, U.S.A.

Helmoholtz H. von (1962) Treatise on Physiological Optics
(Edited by Southall J. P. C.) Dover, New York.

Julesz B. (1971) Foundations of Cyclopean Perception. Univ.
of Chicago Press, MI.

Kowler E. and Steinman R. (1979) The effect of expecta-
tions on slow oculomotor control. II. Single target dis-
placements. Vision Res. 19, 633-646. '

MacKay D. M. (1970) Elevation of visual threshold by
displacement of retinal image. Narure 225, 90-92.

McKee S. P. (1981) A local mechanism for differential vel-
ocity detection. Vision Res. 21, 491-500.

Nakayama K. and Loomis J. (1974) Optical velocity pat-
terns, velocity sensitive neurons, and space perception, a
hypothesis. Perception 3, 63-80.

Nakayama K. and Tyler C. W. (1981) Psychophysical iso-
lation of movement sensitivity by removal of familiar
position cues. Vision Res. 21, 427-433,

Prazdny K. (1980) Egomotion and relative depth map from
optical flow. Biol. Cybernet. 36, 87-102.

Rogers B. J. and Graham M. (1979) Motion parallax as an
independent cue for depth perception. Perception 8,
125-134.

Walls G. L. (1961) The evolutionary history of eye move-
ments. Vision Res. 1, 113-123.

Westheimer G. (1977) Spatial frequency and light spread
descriptions of visual acuity and hyperacuity. J. opt. Soc.
Am. 67, 207-212.

Westheimer G. and McKee 8. P. (1975) Visual acuity in the
presence of retinal image motion. J. opt. Soc. Am. 65,
847-850.

Westheimer G. and McKee S. P. (1979) Stereoscopic acuity
for moving retinal images. J. opt. Sac. Am. 68, 450-455.




