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Motion constancy dependent upon perceived
distance and the spatial frequency of

the stimulus pattern

EUGENE R. WIST, H. C. DIENER, and J. DICHGANS
Neurologische Universitiitsklinik mit Abteilungfilr Neurophysiologie

Freiburg im Breisgau, West Germany

Using a magnitude-estimation technique, the relationship between perceived distance an~
perceived speed for object-motion perception was determined. It was found that perceived speed
increases linearly with perceived distance when angular speed is held constant. Furthermore, it was
found that the spatial frequency of a moving periodic stripe pattern potentiates the effect of perceived
distance on perceived speed. The slope of the function relating perceived speed and perceived
distance was found to increase linearly with increasing spatial frequency. The functional significance
of these findings for motion constancy is discussed.

(Diener, Wist, Dichgans, & Brandt, 1976). We
suggested, in considering the functional significance

in fact influence perceived speed. Moreover, the
relationship between perceived distance and per
ceived speed can be expressed in the form of an
equation analogous to that expressing the size
distance invariance relationship:

where M I = perceived speed, k constant of pro
portionality, w = the angular speed of stimulus
motion, and D I = perceived distance. According to
our hypothesis, reflected in Equation I, when an
object moves at a constant linear speed in the fronto
parallel plane, the decrease in its angular speed
occasioned by an increase in the physical distance
of its plane of motion from the observer is compen
sated by a corresponding increase in perceived
distance. In this way, a constant linear, rather than
a decreasing, angular velocity would be perceived.
When perfect motion constancy exists, k = 1 in
Equation 1.1

The first purpose of this study was to demon
strate the existence of a distance-dependent motion
constancy mechanism and to determine its strength
as reflected by k in Equation I. Perceived distance
was varied by means of the Pulfrich stereoeffect
(Pulfrich, 1922) in order to hold both w in Equa
tion 1 and the spatial parameters of the moving
retinal images constant. The second purpose of this
study relates to our previously reported finding that
for object motion, perceived speed increases linearly
as a function of the spatial frequency (fs) of the
moving stimulus pattern according to the equation:

Although the existence of motion constancy in
object-referred motion perception is indisputable, its
underlying basis has been attributed to various
mechanisms. Brown (1931) found that the perceived
speed of a moving stimulus decreased by only 200/0
when its physical distance from the observer was
increased from 1 to 10 rn, even though a 900/0
diminution in its angular speed resulted. Wallach
(1939) maintained that this finding was interpretable
in terms of Brown's transposition principle (Brown,
1931), according to which the apparent speed of a
moving stimulus will remain unaltered, if, when its
physical dimensions and those of its surround are
decreased by a given proportion, its physical speed is
decreased by the same proportion. Since this condi
tion is met when viewing distance of a moving object
and its surround is increased, Wallach argued that
the transposition principle was sufficient to account
for motion constancy, and that, therefore, distance
information was superfluous.

Rock, Hill, and Fineman (1968) reported a positive
correlation between a measure of size constancy and
perceived speed, and concluded that, in addition to
the transposition principle, a second motion con
stancy mechanism relating to size constancy existed.
Since, according to the size-distance invariance
hypothesis (Kilpatrik & Ittleson, 1953), perceived
distance is involved in size constancy, it is possible
that distance information plays a role, after all, in
motion constancy. On the basis of the data presented
in this paper, we propose that perceived distance does
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of this finding, that the spatial frequency effect on
perceived speed may playa role in motion constancy
via temporal frequency (ft = fsw) in Equation 2.
Consider the case of a vertically oriented periodic
pattern moving horizontally in the frontoparallel
plane at a given distance from the observer. If the
observer's eyes are stationary, the temporal fre
quency of stimulation of a given region of the retina
is equal to the product of the spatial frequency (in
cycles/deg) and angular speed (in deg/sec) of this
stimulus (Diener et aI., 1976). If the distance of
this moving pattern is now doubled, its angular speed
is halved while its spatial frequency is also doubled.
But its temporal frequency remains unchanged.
Hence, constant temporal frequency could be used
by the visual system, in this case, to signal the con
stant linear speed of the stimulus. Consequently,
spatial frequency (via temporal frequency) and dis
tance information may jointly determine motion
constancy. In terms of Equation I, this implies that
the value of k is a function of the spatial frequency
of the moving pattern. We determined whether this
is, in fact, the case in an experiment in which the
effects of both variations in perceived distance and
spatial frequency on perceived speed were measured.

METHOD

Subjects
Thirteen male subjects were employed, II of whom were uni

versity students naive as to the purpose of the experiment and
paid for their services. The other two were staff members. The
subjects' ages ranged between 22 and 42 years (median 25).

Apparatus
The subject sat in an upholstered chair fitted with a head

support 160 em away from a cylindrically shaped screen. A
Tonnies optokinetic stimulator was used to project a pattern of
alternate dark and light stripes of equal angular width onto the
screen. This apparatus is described in detail elsewhere (Diener
et al., 1976). Four spatial frequencies were used: 0.022 cycle/deg
[spatial period (A) = 45 deg], 0.044 cycle/deg (A = 22.5 deg),
0.066 cycle/deg (A = 15 deg), and 0.088 cycle/deg (A = 11.25 deg).
The luminance of the dark stripes was 2.70 cd/m", while that of
the light ones was 18.62 cd/rn", The contrast ratio was .75. The
stimulus field subtended a visual angle of 22 deg in width and
40 deg in height and was centered about a dark fixation point
0.5 deg in diameter located in the median plane at eye level on
the surface of the screen.

Procedure
Variation of tbe perceived distance of tbe moving stripe pattern

witbout altering tbe retinal image cbaracteristics. Variations in
perceived distance were produced by taking advantage of the
Pulfrich stereophenomenon. As is well known from the work of
Pulfrich (1922) and Lit (1949), the magnitude of the change in
the perceived depth of the path of motion of a moving stimulus
depends upon the luminance difference between the two eyes,
the stimulus speed, and viewing distance. In the case of a constant
velocity stimulus moving across the visual field to the left or right,
the perceived depth interval between the motion path and a
stationary fixation point in the same physical depth plane
increases with the density of a neutral filter placed before one
eye. When stimulus motion is toward the filter-covered eye, the

moving stimulus appears closer than the fixation point. The
reverse is true for stimulus motion in the opposite direction. Thus
both the perceived relative depth between the moving stimulus
and the fixation point and the perceived absolute distance of
the moving stimulus from the observer are simultaneously affected
by viewing through the filter.

A preliminary experiment was conducted with three additional
subjects in order to choose filter-density/stimulus-speed combina
tions which would yield the desired variation in the perceived
distance of the moving stripes in the experiment proper. Since
it was desired to produce three different perceived distances of
the moving stripes, all of which were in front of the projection
screen, the following procedure was followed: A small disk,
0.5 deg in diameter. was suspended by means of a fine thread at
a distance of 120, 130, or 145 cm from the subject (40, 30, and
15 em, respectively, in front of the screen) and slightly higher
than the fixation point affixed to the screen. Using the method
of limits, the angular speed of stripe motion necessary in order
to make the stripes appear to be moving at each of the three
distances was determined. A 1.5 log unit neutral density filter
covered the left eye for stripe motion to the left and the right
eye for stripe motion to the right. Each subject received a total
of 24 trials (3 distances x 4 spatial frequencies X 2 motion
directions). Since, as was expected, no difference was found
between left and right motion directions, these data were com
bined in calculating the mean angular speeds for the resulting 12
perceived distance-spatial .frequency combinations. Arranged in
order from the smallest to the largest distance (i.e .• 120, 130,
145 em), the mean angular speeds for the four spatial frequencies
rounded to the nearest 5 deg were: for 0.022 and 0.044 cycles/deg,
SO, 60, and 40 deg/sec; for 0.066 cycles/deg, 6tY,"45, and 30 deg/sec;
and for 0.088 cycles/deg, 55, 40, and 25 deg/sec.! These angular
speeds were subsequently employed to yield the desired variation
in perceived distance in the experiment proper.

On the basis of this preliminary experiment, it was now pos
sible to produce three different perceived distances for each of the
four spatial frequencies of stripe patterns, If, say, the
0.022-cycle/deg spatial frequency pattern moving at 80 deg/sec
was observed with the 1.5 log unit filter over one eye, it would
appear to be moving in a plane about 120 em from the eyes (40 em
in front of the projection screen). If this filter was removed while
continuing to observe the moving pattern, two changes were
observed. One was that, in accordance with the Pulfrich effect,
the plane of stripe motion shifted immediately back to the surface
of the screen. The other was that the apparent speed of the
stripes simultaneously increased even though the angular speed 0/
pattern motion had remained constant. It must be stressed that
this increase in perceived speed upon removal of the filter was
not due to the resulting increment in pattern luminance, since,
with monocular viewing, removal of the filter did not lead to an
increase in apparent speed.' If this same stimulus pattern was
observed moving at 40 deg/sec with the 1.5 log unit filter over
one eye, it appeared to be moving in a plane about 145 em from
the eyes (15 em in front of the screen). If the filter was removed,
again a shift in the plane of motion to the distance of the screen
occurred simultaneously with an increase in apparent speed.
This apparent speed increase, however, was smaller than in the
first example. Thus a smaller increment in apparent speed was
associated with a smaller increment in perceived distance. The
magnitude of the apparent speed change, while holding angular
speed constant appeared proportional to the magnitude of the
apparent distance change, as indicated in Equation I.

In order to obtain quantitative data on this phenomenon, a
modified magnitude-estimation technique (Stevens, 1957) was
used for the determination of both perceived speed and distance.
A different modulus was employed for each angular speed of
stripe motion and for each spatial frequency. This modulus
condition and the one whose speed or distance was to be estimated
differed in only one respect: the density of the filter covering one
of the subject's eyes. The angular speed and spatial frequency of
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the moving pattern was therefore identical for both the modulus
condition and the test trial on which an estimate of speed or dis
tance was to be made. The modulus condition for speed estimates
was always assigned the arbitrary value of "20" and was always
observed With the 1.5 log Unit neutral density filter over one eye,
such that the plane of stripe motion was perceived by the subject
as closer than the distance of the projection screen. After viewing
the modulus condition for IS sec, the subject was instructed to
remove the filter and view the moving stripes with a 0.2 log unit
filter in its place. This latter filter was not of sufficient density to
prevent the stripes from now appearing to move in the plane of
the projection screen. If the stripes appeared to be moving faster
with this filter than under the modulus condition with the
1.5 log unit filter, then the subject was to assign a number greater
than 20 to their perceived speed, with the size of this number
being proportional to the increase in apparent speed of the stripes.
If they appeared to be moving more slowly, a proportionally
lower number was to be assigned. In the event of no change in
apparent speed, the modulus value of 20 was to be assigned.

After making a magnitude estimate of speed on a given trial with
a given spatial-frequency/angular-speed combination, a new com
bination was introduced and viewed with the 1.5 log unit filter over
the appropriate eye. This constituted a new modulus condition
again with the arbitrary value of "20." Then the filter was
replaced by the 0.2 log unit filter which shifted the perceived
distance of the moving stripe pattern away from the subject to the
plane of the projection screen. At this point, another magnitude
estimate of speed was made based on the new modulus condition.
This procedure was repeated for all combinations of angular speed
and spatial frequency.

For magnitude estimates of perceived distance, the procedure
followed was identical to that for perceived speed estimates, except
that, for the standard conditions, the moving stripes were viewed
through the 0.2 log unit filter so that they appeared to be at the
distance of the projection screen. In addition, the arbitrary value
of "100" was assigned to this distance as the modulus. After
viewing a given standard for 15 sec, the subject was instructed to
replace the 0.2 with the 1.5 log unit filter and to note whether the
apparent distance of the moving stripes had altered. If it had, he
was to report this change by assigning a number proportionally
smaller or larger than 100, depending upon whether the stripes
had appeared to move closer or farther, respectively, from the
screen. As for magnitude estimates of apparent speed, angular
speed and spatial frequency were identical for standard and test
stimuli within a given trial. Within a given trial, only filter density,
and consequently perceived distance, was altered.

Different modulus values for estimates of speed and distance
were deliberately chosen in order to hinder comparisons by sub
jects between these estimates. Moreover, on a given trial, only a
single estimate of speed or distance was made and the order of
presentation of the various conditions was randomized to further
hinder such comparisons. The fact that a given modulus was asso
ciated with different standard conditions over trials was not found
to be confusing by the subjects, since a given standard stimulus
was always presented just prior to the required estimate. Thus
the perceived speed or distance associated with a particular
modulus had to be retained for only several seconds prior to the
making of a magnitude estimation.

The 13 subjects were run in two groups of 10 subjects each.
Seven of the subjects served in both groups. Group I received the
11.25-, 15-, and 30-deg spatial periods, while Group II received the
15 and 45 periods only. Each spatial period of the stripe pattern
was presented at each of the three angular speeds determined in
the preliminary experiment as producing the desired variation in
perceived distance. Each stimulus speed, in turn, was presented
twice, once moving to the left and once to the right. Thus, a total
of SIX trials was presented for each spatial period. Each subject
received the stimulus conditions in a different random order. All
magnitude estimations were made while the subject maintained
fixation on the small disk affixed to the surface of the screen. The

supplementary marker disk employed in the preliminary experi
ment was absent. Noise made by the projector motor was masked
by music or white noise presented through earphones. A rest
period of at least 5 min was given halfway through the approxi
mately l-h session.

To prevent the possible contaminating influence of motion
aftereffects, viewing of each motion stimulus was limited to
15 sec, a 1.5-min intertrial interval was used, and the direction of
stimulus motion was alternated on successive trials. In pilot
studies, motion aftereffects were typically not observed under
these conditions, and when they were, they proved to last only a
second or two.

Transformation of magnitude estimates of speed. In order to be
able to express both speed and distance estimates in eaulvalent
scale units, it was necessary to transform the former estimates.
First of all, the modulus for these estimates was "20" while that
for the distance estimates was "100." Secondly, because the
standard conditions for the speed estimates all involved perceived
distances of the moving patterns which were nearer than the screen
distance (viewing with the 1.5 log unit filter), while those for the
distance estimates all involved perceived distances at the surface
of the screen (0.2 log unit filter), a reduction (or increase) in
perceived speed and perceived distance was reflected differently
in the two cases. Since the standard for distance estimates was at
the distance of the screen, an estimate less than "100" meant a
reduction in perceived distance. But, since the standards for the
speed estimates were located at the nearer distances, an estimate
greater than 20 meant a reduction in perceived speed at the nearer
distance. Thus, if an original estimate were, say, "25," this meant
that the stripes were perceived to be moving faster when they
appeared to be moving in the plane of the screen than they did at
the nearer standard distance. In order to obtain a transformed
estimate (TEl which would reflect the decreased perceived speed at
the nearer, standard distance in this example, the obtained esti
mates (OE) were converted as follows: TE = 20/0E x 100. In the
case of the example, the transformed estimate is 20/25 x 100 =

80. Thus, this transformation simultaneously converts the data to
a scale based on 100, as for the distance estimates, and yields trans
formed estimates in which lower perceived speeds, like smaller
perceived distances, are expressed in terms of a percentage less
than 100. For the transformed speed estimates, a perfect
invariance between perceived speed and distance would be indi
cated when k = 1 in Equation I, since both speed and distance
estimates are commensurate.'

RESULTS

The mean speed and distance estimates are plotted
in Figure I and are given in the table along with the
corresponding standard deviations. This figure and
the table show that perceived speed increases with
increasing perceived distance, as predicted by
Equation I.

For the sake of clarity, it must be noted again that,
while different angular speeds were used to produce
the different perceived distances of the moving stripe
patterns as indicated in the top three rows of the
table, the distance and speed estimates within each
row were obtained without altering angular speed.
The only difference between the standard stimulus
(modulus condition) and the test stimuli within each
row was a difference in filter density which left
angular speed (and spatial frequency) unchanged.
Therefore, to the extent that the estimates deviate
from the modulus value of 100, they indicate changes
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better indicated by the high correlation coefficients
in the table. Moreover, Figure I shows tbat increas
ing the spatial frequency of the moving stimulus
pattern Increases the degree of motion constancy. If
motion constancy were perfect and independent of
fs, all points would lie along the diagonal line in
Figure I labeled "Perfect Motion Constancy,"
which indicates a perfect invariance between per
ceived speed and distance. Perceived speed in this
case would reflect the linear speed of the stimulus
pattern. If zero motion constancy had existed, the
data points would be distributed along the upper
horizontal line. Perceived speed in this case would
reflect the angular speed of the stimulus pattern.
This plot shows that at lower spatial frequencies
underconstancy exists but at the higbest spatial
frequency perfect motion constancy is approximated.

These relations were even more clearly reflected
in an analysis of the individual data. Regression lines
for the functions relating perceived distance and per
ceived speed for each of the four spatial frequencies
were calculated from the data of each subject
separately. The means, medians, and standard devia
tions of the individual slope coefficients are given in
the bottom half of the table. The mean slopes and
standard deviations are plotted in Figure 2. which
shows that the slope, k, of Equation I increases
linearly with increasing spatial frequency." t tests
revealed that the mean slopes for the 0.022- and
0.088-, 0.022- and 0.066-, and 0.044- and
0.088-cycle/deg spatial frequencies differed signifi
cantly (p < .05). Since a slope coefficient of 1.0 is
necessary for perfect motion constancy, this figure
shows that at the highest spatial frequency tested,
0.088 cycle/deg, a necessary condition for perfect
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Figure 1. Tbe relationsbip between perceived distance (0') and
perceived speed (M') for motion stimuli of constant angular
speed differing in spatial frequency (f.). Eacb data point represents
tbe mean magnitude estimate of distance and speed for aU sub
jects. (See table for Ns).

in perceived distance in accordance with the Pulfrich
effect, and changes in perceived speed positively
acorrelated with these perceived distance changes.

A Friedmann analysis of variance indicated a sig
nificant difference between the distance estimates
plotted on the abscissa (P < .01). This difference
simply reflects the success of our manipulation of
perceived distance by means of the Pulfrich stereo
effect. More important is the fact that the perceived
speed estimates plotted on the ordinate also differed
significantly (p < .01), thus indicating a covariation
of perceived speed with distance. This covariation is

Table 1
Meansand Standard Deviations (SO) of Distance (0') and Speed (M') Magnitude &timates (Upper Half)

Measuresof Central Tendency, SO, and Correlations Rued on Individual Functions (Lower Half)

Spatial Period (In Degrees)

45 22.5 15** 11.25
Angular
Speed(w)* D' M' D' M' 0' M' D' M'

Highest Mean 66.3 75.3 68.7 72.9 69.8 75.0 72.6 70.6
SD 11.56 7.33 11.36 11.90 9.86 9.71 9.35 12.95

Medium Mean 73.5 81.1 71.8 76.6 72.2 78.1 77.8 76.0
SD 7.12 7.42 9.52 8.68 9.53 5.91 7.42 12.98

Lowest Mean 80.7 88.1 80.4 87.4 78.9 86.6 85.9 86.6
SD 7.87 5.21 5.75 7.58 5.25 5.92 4.18 9.91

Mean Slope (Ie) .72 .83 .87 1.02
Median Slope (k) .72 .79 .84 .99
SD Slope (k) .034 .025 .040 .035
Mean r .95 .85 .89 .93
Mean r3 .91 .74 .82 .86
N 10 10 20 10

"The actual angular speed differed for different spatial periods; see Procedure section for exact values. ··The data of Groups I and
II were combined for this condition.
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DISCUSSION

where fs = the spatial frequency of the moving pat
tern. If Equation 3 is substituted into Equation 1,
the resulting equation reflects the joint contributions
of perceived distance and spatial frequency in the
determination of perceived speed:

It can be seen from Equation 4 that in the presence
of a single moving edge, the frequency term drops
out, since fs = O. In this case, perceived speed would
be determined only by wand D' according to the
relationship M' = 0.58 wD'. It is also clear from
Equation 4 that variations in spatial frequency alone
lead to variations in perceived speed. This conse-

motion constancy was met. The mean correlations
between perceived distance and perceived speed were
high. As shown in the lower portion of the table,
they ranged between 0.85 and 0.95 with a mean of
0.90. The r:l values also shown in the table ranged
between 0.74 and 0.91 with a mean of 0.83. Thus,
on the average, only 17ftJo of the variance was
unaccounted for by variations in perceived distance.
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Figure 2. The relationship between the spatial frequency (f, of
the moving stimulus pattern and the mean slope, k, of Equation 1
(M' = kwO'). Slopes were calculated from the individual data
and then averaged. Vertical lines represent standard deviations.
The diagonal line was fitted to the points by the method of least
squares.

quence has already been verified in a previous study
in which D' was held constant while wand fs were
independently varied (Diener et al., 1976). It was
found that a doubling of fs resulted in an increase
in M' which was 61ftJo of that which should have been
obtained if a doubling of fs had lead to a doubling of
M' , i.e., if a perfect relation between fs and M f had
existed. The corresponding percentage value for the
present study was 68ftJo. Taking into account the dif
ferences in stimulus conditions and methodology
between the two studies, these two percentages are
quite comparable.

The present results cannot be easily accounted for
in terms of the transposition principle. The dimen
sions of the stimulus field and of the moving stripes
were not physically altered by the presence of the
neutral density filter. Through the filter, the stripes
appeared nearer and narrower, while the stationary
borders of the stimulus field were unaffected. Given
these conditions, on the basis of the transposition
principle, the stripes ought to have appeared to be
moving faster (Brown, 1931). Since, in fact, they
appeared to be moving more slowly, some other
mechanism must have been in operation. An alterna
tive hypothesis might be that the reduced perceived
width of the stripes at nearer perceived distances
results in reduced perceived speed via a size con
stancy mechanism. This account, however, is
unlikely, since the results of Diener et al. (1976)
indicate that it is not the perceived size (or perceived
spatial frequency) of a pattern which determines its
perceived speed, but rather the temporal frequency
of stimulation, which remains unaltered when per
ceived distance is varied by means of the Pulfrich

(3)

(4)

k = (5.22 . fs + 0.58),

M' = (5.22 fs + 0.58)wD'.

The results support our hypothesis that for object
referred motion perception, perceived distance deter
mines perceived speed according to Equation 1.
Furthermore, they show that perceived distance and
spatial frequency jointly determine perceived speed.
As is clear from Figure 2, the magnitude of k in
Equation I increases linearly with increasing spatial
frequency. Thus it can be said that spatial frequency
potentiates the effect of perceived distance on per
ceived speed.

The degree to which perceived distance alone, in
the absence of a contribution from spatial frequency,
affects perceived speed can be inferred from Fig
ure 2. Zero spatial frequency on the abscissa of this
figure can be regarded as representing the case in
which a single edge moves across the visual field.
It can be seen that the function relating k and spatial
frequency does not intercept the ordinate at zero.
This should be the case, since a single moving edge
does possess a definite perceived speed. The fact
that the function intercepts the ordinate at k = 0.58
can therefore be interpreted as meaning that about
58ftJo of perfect motion constancy may result when a
single edge moving at a constant angular speed varies
in perceived distance from the observer. The value k
then is composed of two terms: one dependent upon
spatial frequency represented by the slope of the
function in Figure 2, and the other independent of
spatial frequency represented by the Y intercept. The
regression line for this function was calculated to be:
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stereoeffect. Furthermore, we have found that the
spatial frequency effect disappears during pursuit eye
movements (Dichgans, Wist, Diener, & Brandt,
1975). It is highly improbable that sizeconstancy also
disappears during ocular pursuit of the moving
pattern.

The present results are consistent with the inter
pretation that for a given spatial frequency the per
ceived distance of the stripes per se determines
perceived speed in accordance with Equation 4.
Moreover, a similar effect of perceived distance on
perceived speed has been demonstrated in the case of
self-referred motion (circularvection) (Wist, Diener,
Dichgans, & Brandt, 1975). Additional evidence
strongly supporting this interpretation was obtained
in a supplementary experiment, in which it was found
that, in the presence of a single moving vertical edge
traversing most of the visual field at a constant angu
lar speed, perceived speed increases with increasing
perceived distance. A perceived size interpretation
is not applicable to the single-edge case.

The spatial frequency effect on perceived speed
was shown in our previous study to be consistent with
the interpretation that it is mediated by temporal fre
quency and that constant temporal frequency could
be used by the visual system to signal constant linear
speed (Diener et aI., 1976). While neither spatial
frequency nor perceiveddistance alone is adequate to
produce perfect motion constancy, acting together,
perfect motion constancy may be achieved. Para
doxically, Figure 2 implies that, with further increases
in the spatial frequency of the moving pattern, over
constancy will result, assuming that this function
remains linear. Whether this is, in fact, the case
remains to be determined. Under normal environ
mental conditions, however, overconstancy for
perceived speed is unlikely, both because of the fall
off of perceived distance with increasing physical
distance (Gilinsky, 1951) and because of the visual
system's inability to resolve moving patterns of high
spatial frequencies (Watanabe, Mori, Nagata, &
Hiwatashi, 1968).

Finally, it must be stressed that, on the basis of the
present data, the generality of the spatial frequency
contribution to motion constancy is limited. It applies
only to the case where fixation is maintained on a
stable point in the environment, i.e., to afferent
motion perception. We have found that when the
eyes pursue the moving pattern (efferent motion per
ception) the spatial frequency effect on perceived
speed disappears (Dichgans et al., 1975). It is plaus
ible, however, under normal environmental condi
tions when the eyes pursue a moving target, that the
spatial frequency of the stationary background (or
foreground) may affect the perceived speed of the
tracked object. In this case, the background sweeps
across the retina in the direction opposite to that of

the pursuit movements of the eyes, thus producing an
afferent motion stimulus. If this afferent motion
information were to combine with the efferent infor
mation from the motor pursuit commands (Efferenz
kopie, von Holst & Mittelstaedt, 1950; corollary dis
charge, Sperry, 1950; Teuber, 1960), a spatial fre
quency effect on perceived speed for efferent motion
perception would result. While it is true that the spa
tial frequency of the background pattern is a function
of the depth separation between it and the tracked
object, its temporal frequency would be independent
of this separation. This is true because an increase in
the absolute distance of the background from the
retina-would result in a decrease in its angular speed
which would exactly compensate for its increase in
spatial frequency. The possible existence of such an
interaction between efferent and afferent motion
information in the determination of perceived speed
was recently investigated (Dichgans et al., 1975). No
influence of the temporal frequency of the back
ground pattern on efferent motion perception was
found. Apparently, the temporal frequency effect on
perceived speed exists only for afferent motion per
ception. During smooth pursuit eye movements,
afferent information from the background is not
combined with efferent motion information.
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NOTES

I. Actually, two conditions must be met before perfect motion
constancy can be said to exist. Not only must (a) k = I, in Equa
tion I. but also (b) perceived speed must correspond exactly to
physical (linear) speed. Thus, while (a) is a necessary condition for
perfect motion constancy, it is not a sufficient condition. Only
(a), which is reflected in Equation l , was assessed in the present
study.

2. The fact that the angular speed required to produce a given
shift in the depth plane of the moving pattern via the Pulfrich
effect was a function of the pattern's spatial frequency is an inter
esting phenomenon in its own right. The greater the spatial fre
quency of the moving pattern, the less the angular speed required
to produce a given shift in depth plane. We have investigated this
phenomenon more extensively in a subsequent study, which will be
published separately (Wist, Brandt, Dichgans, & Diener, Note I).

3. An effect of a luminance increase could be observed with
monocular viewing if the 1.5 log unit filter were held in place
longer than the IS-sec period used here before removal. This
effect will be dealt with in a subsequent paper. Apparently, suf
ficient time for adaptation to the lower luminance must be allowed
before an apparent speed increase is observed upon removal of the
filter. This apparent speed increment, however, is much smaller
than that obtained after binocular viewing with the filter covering
one eye. Even if some small effect of luminance had existed in the
present study, it could not have been responsible for the results
obtained. This is true because the luminance change coincident
with the introduction or removal of the 1.5 log unit filter was con
stant for all viewing conditions, while the apparent speed changes
were not. They were correlated instead with the magnaudes of
perceived distance changes.

4. Preliminary experiments, conducted with three subjects, in
which the modulus' for both speed and distance estimates was
"100" when the standard stimulus was located perceptually at the
distance of the screen yielded results similar to those reported here.

5. The reason that the influence of spatial frequency on per
ceived speed is more clearly seen in Figure 2 than in Figure I
hinges on the fact that a sizable intersubject variation in per
ceived distance produced by the Pulfrich effect for a given angular
speed existed. This meant that even if the individual functions
for two subjects were identical, different perceived distances (and
correspondingly different perceived speeds) were obtained for the
same stimulus condition, because different points along these
identical functions were being sampled. When the slopes of the
individual functions are averaged, however, this source of inter
subject variability is eliminated.
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