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Perceived stability of the visual world during eye movements is traditionally
explained as due to
the presence of extraretinal signals, equal in magnitude to retinal signals. Motion is perceived when
the two signals differ. An experiment is reported in which motion thresholds were measured during
smooth pursuit eye movements. The results show that the traditional view is incomplete. Motion is
only perceived when the two signals differ by at least a just nottceahle dfference (JND), the
magnitude
of which depends on ocular velocity and is independent
of the direction of stimulus
motion relative to the eyes, The data lead to the rejection of theories according to which ocular
velocity is under-represented
in extraretinal
signals. In addition
they show that retinal image
motion carries no information
about stimulus motion. Perceived motion, direction and velocity are
relative concepts. They depend on the JND and therefore they are relative to extraretinal
signals.
This principle explains the Filehne illusion and even predicts the Aubert-Fleischl
phenomenon.
A
similar analysis can be applied to understand
vestibular effects on motion perception.

Introduction
When an eye movement is made over a stationary visual field, the image of
that field shifts over the retina. If the eye movement
is the result of the
intention to move the eyes (and is not induced or affected by the application of
an external force to the eyeball) motion of the visual field is not perceived.
Apparently,
the visual system ‘knows’ that the image shift was due to the
(intended)
eye movement.
Such knowledge cannot be obtained
from what
happens on .the retina itself. The logical necessity that an extraretinal
signal,
carrying such information
(sometimes
termed a ‘corollary discharge’ or an
‘efference copy’) is needed for the establishment
of a perceptually
stable world
during eye movements,
was recognized
long ago (see for some discussions
Helmholz 1962; Holst 1954; Gyr 1972; Jeannerod
et al. 1979). Nevertheless,
the precise nature and function of such extraretinal
signals remain controversial because of some anomalous experimental
findings.
First, the visual world is not always perceived as stationary
during eye
movements.
When a stationary stimulus is briefly presented during a saccadic
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or smooth pursuit eye movement in an otherwise dark visual field (e.g. a light
flash), an illusory displacement
of the stimulus is perceived (e.g. Hazelhoff
and Wiersma 1925; Matin 1972; Mohanan
1972; Findlay 1974; Ward 1976;
Mateeff 1978). The phenomenon
can be explained
by the hypothesis
that
extraretinal
signals do not serve to establish a perceptually
stable world but
instead serve to gather evidence for motion, given an a priori subjective
assumption
of a stable world (MacKay 1972, 1973; MacKay and Mittelstaedt
1974). According
to this view extraretinal
information
about oculomotor
activity is used to form some kind of expectation
as to how retinal images
would move as the result of eye movements.
When this expectation
differs
from the actual retinal image shift, motion is perceived. The illusory perception
of stimulus displacement
can be explained by assuming that an eye movement
implies the presence of an extraretinal
signal proportional
to its size. Thus a
corresponding
retinal image shift is expected. However, this expectation is not
born out because a stimulus briefly flashed on during an eye movement (in
dark surroundings)
creates only a very small retinal image shift. Therefore the
stimulus is seen to move [l].
Although this explanation
is quite attractive it cannot be applied to another
observation:
during smooth pursuit eye movements,
illusory motion of a
stationary
stimulus is sometimes perceived, even if the stationary
stimulus is
continuously
present (Filehne 1922; Mack and Herman 1973, 1978).
To explain this finding another hypothesis
has been formulated,
which
states that oculomotor activity is slightly under-registered
by the visual system,
and thus is under-represented
in the extraretinal
signal. Therefore, the expected
retinal image shift always falls short of the observed one (Mack and Herman
1972, 1973, 1978). Hence all instances of illusory motion during eye movements can be explained.
The underregistration
hypothesis gains support from the so-called AubertFleischl phenomenon
(Aubert 1886, 1887; Fleischl 1882; Dichgans et al. 1969;
Mack and Herman 1972, 1973; Dichgans et al. 1975), which refers to the fact
that the perceived velocity of a stimulus pursued with the eyes is lower than
when the stimulus moves (with the same velocity) and the eyes are kept
stationary.
In the latter case stimulus velocity can only be estimated from a retinal
motion signal because the extraretinal
signal approximates
zero. Conversely,
during ocular pursuit of the stimulus, there is almost no retinal signal and thus
estimates of stimulus velocity must be derived mainly from oculomotor
information carried by the extraretinal
signal. Since in this case stimulus velocity is

[l] In the absence of enough time over which the stimulus can be perceived, the impression
of
motion probably remains fractionary
and may become manifest only as a displacement
(see Legge
and Campbell 1981).

A.H.

Wertheim / On the relatmty

ofperceivedmotmn

99

estimated to be lower, oculomotor
information
seems to be somewhat underrepresented in the extraretinal
signal [2].
A problem with the under-registration
hypothesis is that during eye movements an actual movement
or displacement
of a stimulus is often not perceived: thresholds for motion and displacement
are elevated during saccades
(Beeler 1967; Mack 1970; Bridgeman et al. 1973; Whipple and Wallach 1978;
Bridgeman and Stark 1979; Bridgeman et al. 1979). When stimulus movement
is small and is in the same direction as the eye movement
this poses no
problem
for the under-registration
hypothesis.
In such a case the retinal
motion signal is slightly reduced and might become equal to the extraretinal
signal, yielding
a perception
of a stationary
stimulus
(which implies an
increased threshold for motion). But when a stimulus moves in the direction
opposite to the eyes, the retinal signal is always larger than the extraretinal
signal and thus motion should always be perceived. Nevertheless the increased
threshold
for motion is observed irrespective
of the direction
of stimulus
motion relative to the eyes (Mack 1970; Whipple and Wallach 1978; Bridgeman and Stark 1979). To complicate
matters even more, the threshold increases in direct proportion
to the size of the saccade (Mack 1970; Bridgeman
et al. 1973).
Presently, there is no theory that can explain all these data taken together,
apart from the general statement that extraretinal information
is of a “sloppy”
nature (Matin 1974; Beeler 1967) or has “disadvantageous
side effects” (Btichele
et al. 1980). It is the purpose of this paper to provide a better alternative.
Let us assume that oculomotor activity is not under-registered
by the visual
system. The magnitude
of an extraretinal
signal can then be thought of as
equal to the magnitude of the eye movement with which it is associated. When
a stimulus moves slightly in front of the eyes during a normal eye movement,
the retinal signal will be either smaller or larger than the extraretinal
signal,
depending on whether the stimulus moves in the same direction or opposite to
the eyes. It is now proposed
that, even though in such cases there is a
difference between the retinal and extraretinal
signals, motion of the stimulus
will not be perceived unless this difference reaches a just noticeable magnitude. In
psychophysical
terms a just noticeable difference (JND) between the two signals
must be reached before motion can be perceived.
When comparing two signals, a JND usually becomes larger with increasing
magnitude of the reference signal against which the critical signal is evaluated.
If this reasoning applies to the visual system, the elevation of motion thresholds

[2] An alternative
explanation
of the Aubert-Fleischl
phenomenon
is to assume that for some
reason the velocity of retinal image shifts is always overestimated
(Dichgans and Jung 1969). Such
a “retinal overestimation
hypothesis”
is not essentially
different
from the under-registration
hypothesis
because both imply that extraretinal
signals are always somewhat smaller than the
concurrent
retinal signals.

during saccadic eye movements can be explained: When a stimulus moves past
stationary eyes, the extraretinal
signal approximates
zero, but the retinal signal
has a certain magnitude.
In this case the JND approximates
the magnitude of
the retinal image shift evoked by the stimulus movement
at the absolute
threshold for the detection of motion. When the eyes move, the extraretinal
signal increases. It becomes larger with larger eye movements. Accordingly,
the
JND increases. Therefore with larger eye movements
the movement
of the
stimulus must be larger if its motion is to be perceived. Hence, the threshold
for motion is elevated during eye movements
in direct proportion
to the
magnitude of the eye movement.
The JND may be reached because retinal signals are either sufficiently
larger or smaller than the extraretinal
signal (dependent
on the direction of
stimulus motion relative to the eye movement). Therefore the threshold elevation occurs irrespective of whether the stimulus moves against or with the eyes.
As mentioned
before, these effects have all been observed during saccadic
eye movements,
but not with smooth pursuit eye movements.
Contrary
to
saccades, where the eyes do not track a moving stimulus, the characteristics
of
smooth pursuit eye movements
seem to depend on stimulus velocity rather
than on the amplitude of the stimulus movement (see Miles and Evarts 1979;
Wertheim
1980). Therefore it is reasonable
to assume that during smooth
pursuit extraretinal
signals are coded in terms of the velocity rather than the
size of eye movements. According to the present theory the detection of motion
then depends on whether the difference between these retinal and extraretinal
velocity signals reaches a just noticeable level. The theory thus predicts that,
when the eyes track a moving stimulus, the threshold for the detection
of
motion
of another
stimulus
in the visual field should increase in direct
proportion
to the velocity of the eyes, irrespective
of whether the latter
stimulus moves with or against the eyes. In the following experiment
this
prediction is tested.
The experiment
Apparatus

Fig. 1 illustrates the experimental
set-up. With the help of a slide projector and a mirror
mounted on a galvanometer (A) a visual stimulus, consisting of a patterned visual field
(henceforward
called background)
was projected on a large screen 350 cm in front of
the S’s eyes. The pattern consisted
of 240 identical white disks (1.2” diameter;
luminance 2 cd/m*) distributed pseudo-randomly
to create an impression of a homogeneously structured rectangular visual field (38” X20”). The whole background pattern
could be moved horizontally
to the right or to the left by rotating the mirror.
Another
slide projector,
mirror and galvanometer
(B) projected
a target disk,
identical to the background
disks but brighter (16 cd/m*). The target could also be
moved horizontally
to the right or left. The voltages serving as an input for both
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Fig. I Experimental set-up.
galvanometers
were identical,
so background
and target always moved in precise
temporal synchrony. The voltage was generated and varied by a PDP II-34 computer.
Ss could attenuate the input for the galvanometer in A with the help of an adjustable
potentiometer
(C). In this way they could change the amplitude of the background
motion
and by doing so they adjusted the velocity of the background
motion. The
computer measured the voltage of the attenuated signal at the end of each target sweep.
This voltage was printed out when the computer received a request pulse from a push
button operated by the S (not shown in fig. 1).
From this voltage the velocity (and amplitude) of the background motion could be
calculated. By reversing the sign of the input to the galvanometer in A the experimenter
could change the direction of movement of the background
relative to the target and
could make it either opposite or equal to the direction of the target motion.
Target and background moved to and fro with constant velocities. These movements
were not strictly triangular, however. In such cases Ss usually perceive a jerky kind of
motion at the turning points of the target sweeps, due to overshoot
of the eyes.
Therefore the signals sent to the galvanometers
were slightly damped at the turning
points. (In a pilot study the degree of damping was determined as the point where this
jerky motion was no longer perceived.)
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When a signal reverses its direction each time immediately at the end of a sweep of a
given amplitude, a different velocity implies a different frequency. This confounding
should be avoided because of possible intervening effects of eye movement frequency
(see Wertheim
1979). Therefore the target (and thus also the background)
was kept
stationary for a certain period (ranging between 2 and 6 set) at the end of each sweep.
The duration of this rest period was such that the total duration of a sweep plus rest
was the same for all conditions. This procedure allowed independent
variation of the
velocity and the amplitude of target motion, unconfounded
with frequency.
Method

Ss were seated in a dimly lit experimental
room and maintained
their head in fixed
position against a head rest attached to the chair. Prior to each trial the potentiometer
was set at 100% attenuation,
which means that the background
was stationary.
The
target, which served no other purpose than to induce smooth pursuit eye movements of
a certain amplitude and velocity, was then set in motion. The S tracked it with his eyes
and at the same time slowly turned the knob of the potentiometer.
Hence the
background started to move (in temporal synchrony with the target) with an increasing
amplitude and therefore with an increasing velocity. The S continued to turn the knob
up to the point where he noticed the background
motion for the first time. He then
turned the knob of the potentiometer
slightly back, to the point where the background
seemed to be stationary again after which he pressed the button for a request pulse to
the computer, which then typed out the voltages from which the velocity (and also the
amplitude) of the background
motion could be calculated. These measures were taken
as the threshold values for the perception of background motion.
The amplitude and velocity of the eye movements were varied independently
by
varying the amplitude and velocity of the target motion. Four amplitudes (7.5, 15.6,
24.1 and 32.7O) and four velocities (6.5, 9.8, 13.1 and 16.4’/sec)
were used. These
target velocities were chosen because they are well within the range where visual pursuit
is highly accurate and where the velocity of the eyes equals the velocity of the target
(Dichgans and Jung 1969).
Target and background
moved either in the same or in opposite directions. Hence
there were a total of 32 experimental
conditions,
differing with respect to the four
target movement amplitudes,
the four target movement velocities and the two directions of background
motion relative to the eyes. For each S all conditions
were
replicated three times. The direction of background
motion relative to the eyes was
varied in two blocks presented’in balanced order between Ss. All other conditions were
randomized
within these two blocks. Measurements
were taken in IO-min sessions
alternating with IO-min rest periods. 18 male and female students of the University of
Utrecht, aged between 18 and 27 years, served as naive Ss.
Results
Mean velocity of background motion at threshold was calculated within each condition
for all Ss. These scores served as entries in ANOVA with eye movement velocity, eye
movement amplitude and eye movement direction relative to the background,
serving
as three independent
factors. As fig. 2 shows, the velocity of background
motion at
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threshold increased linearly with eye movement velocity ( F~45.7; df= 3,5 1; pt0.001:
16% variance explained.
The linear regression lines are y=O. 12x+0.25
(Y* =0.98)
when the background
moves against the eyes and y=0.07x+0.79
( r* =0.98)
when it
moves with the eyes). There was no main effect of the direction of background motion
relative to the eyes (F< 1) although it influenced the effect of eye movement velocity
slightly (F= 10.3; df=3,51; p<O.OOl; 0.9% variance explained). Neither was there a
main effect of eye movement amplitude (F= 1.98; df=3,51; p>O.lO) although this
factor also slightly affected the effect of eye movement velocity (F=2.58; df=9,153;
~(0.01;
0.13% variance explained). A very small second-order
interaction between the
effects of all three factors was also observed (F~2.36;
df=9,153; pCO.02; 0.15%
variance explained).
A similar ANOVA was performed on the mean amplitudes of background motion at
threshold. Since amplitude and velocity of background motion were confounded
in the
experimental
design (Ss changed the background velocity by adjusting its amplitude)
the results were similar. The only difference was that eye movement amplitude here
showed a significant effect. However, this is an artefact: lengthening
a target sweep
without changing its velocity makes it last longer and the concurrent
background
motion then also lasts longer (background
and target moved in temporal synchrony),
but the velocity of background motion remains unchanged (eye movement amplitude
does not affect background movement velocity at threshold, see the former ANOVA).
A background movement which lasts longer without a change in velocity must have an
increased amplitude. The effect of eye movement amplitude on background
motion
amplitude thus only reflects the temporal synchrony of target and background
movements.
The effect of eye movement velocity on background velocity at threshold can more
easily be illustrated when this background velocity is added to or subtracted from eye
movement velocity (dependent on the directional condition). This yields the velocity of
the background image shift over the retina. In fig. 3 this retinal velocity signal is plotted
against eye movement velocity. Since it was assumed that the extraretinal
velocity
signal equals the velocity of the eyes, this graph shows how much the retinal and
extraretinal
velocity signals must differ before motion of the background
can be
perceived in both directional
conditions.
The broken line in fig. 3 (inclined at 45”
angle) shows where the retinal and extraretinal velocity signals are equal.
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Fig. 2. Velocity of background motion at threshold, as a function of eye movement velocity.
Circles: background motion against the eyes. Triangles: background motion with the eyes.
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Fig. 3. Velocity of the background
image on the retina at threshold as a function of eye movement
velocity (solid lines). The broken line represents
the points where retinal velocity equals the
velocity of the eyes. The JND between the retinal and extraretinal
signals is the distance between a
point on a solid line and its vertical projection on the broken line.

If one computes for each eye movement velocity the mean of the two corresponding
retinal threshold velocities (for the two directional conditions) the linear regression Line
along these four values almost coincides with the broken line in fig. 3. (In fact it is
slightly, but signif&mtly steeper--p<0.02the slope being 1.02.)

Discussion
During smooth pursuit eye movements,
the threshold for motion of a visual
stimulus
(in this case the background)
increases proportionally
to ocular
velocity (irrespective of whether the stimulus and the eyes move in the same or
in the opposite direction). This supports the assumption
that the perception of
motion depends on the ‘perception of a just noticeable
difference
between
retinal and extraretinal
signals. During smooth pursuit retinal and extraretinal
signals are compared in terms of velocity. The data show no evidence of main
effects of either eye movement
amplitude
or direction
of eye movements
relative to the background.
The small influences these factors appear to have
on the effects of ocular velocity can be neglected. They explain considerably
less than 1% of the variance.
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The broken line in fig. 3 reflects the threshold for motion according to the
classical view, which stipulates that no motion is perceived only when retinal
and extraretinal
signals are equal. The present data indicate that this view is
incorrect (at least with respect to smooth pursuit eye movements).
There is a
whole range (between the two drawn lines) where retinal and extraretinal
signals differ, but where no stimulus motion is perceived, and this range
becomes larger with faster eye movements.
The range is approximately
symmetrical
with respect to the points where
retinal and extraretinal
velocities are equal. If ocular velocity is underrepresented in extraretinal
signals, then retinal velocity signals would be equal to
extraretinal
velocity signals only when the velocity of the eyes is somewhat
larger than the velocity of the retinal image shift. The range where no motion is
perceived should then be symmetrical
to a line with a slope less than 1 (the
difference
being a measure of the degree of under-registration).
Since the
observed range is symmetrical
to a line with a slope of 1.02, the underregistration
hypothesis must be rejected. If anything, the data indicate a slight
over-registration
of ocular velocity.
Fig. 3 illustrates
that the same retinal image velocity can be interpreted
either as movement
or as stability of a visual stimulus, depending
on the
magnitude
of the extraretinal
velocity signal. Hence the perception
of movement in the visual field is relative to the magnitude of the extraretinal
signals,
This suggests a new explanation
for the so-called Filehne illusion, which is
the illusory perception
of background
motion during ocular pursuit of a
stimulus that moves close to the eyes in a plane different from the background
(Filehne 1922; Mack and Herman 1973, 1978). When the eyes focus on the
nearby stimulus, eye convergence
and accommodation
are likely to cause the
retinal image motions of the background
to be displaced slightly from where
they would have been if background
and stimulus had been in the same plane.
Therefore,
with respect to the background,
retinal and extraretinal
signals
differ and motion of the background
is perceived when the magnitude
of this
difference reaches the level of the JND. Accordingly,
the illusion should be
reduced when the stimulus moves at a larger distance from the eyes, or when
the distance between the background
and the stimulus is reduced and it should
disappear completely when they move in the same plane. Also since the JND
grows with increasing
ocular velocity, the illusion should be reduced with
increasing stimulus velocities. Since the illusion is not due to the perception of
depth, but is caused by the perception
of a difference between retinal and
extraretinal
signals (relative to the magnitude
of the extraretinal
signals) it
should occur also with monocular viewing. All those effects have indeed been
observed (Mack and Herman 1978).
The perceived direction of motion of a visual stimulus is also relative to the
magnitude
of extraretinal
velocity signals. Fig. 3 shows that the same retinal
image velocity can be perceived either as movement of the background
against

the direction
of the eyes (when the extraretinal
signal is smaller) or as
background
movement in the same direction as the eyes (when the extraretinal
signal is larger).
The perceived velocity of a moving stimulus is also relative to the magnitude
of the extraretinal
signals and appears to be independent
of the retinal velocity
signal. This should become clear when considering a horizontal cross section of
the graph in fig. 3. The effect of an increasing
extraretinal
signal is first to
reduce the perceived velocity of the stimulus, then to maintain it for some time
at zero level and finally to increase it again (although in *the opposite direction).
The relativity of perceived velocity has an important
consequence.
Consider
fig. 4, where the solid line represents a hypothetical
Stevens function obtained
when the velocity of a moving background
is estimated in the absence of eye
movements.
The broken lines represent
similar functions
obtained
in the
presence of eye movements
of two different velocities. These functions
are
shifted downwards in proportion
to the increased threshold for motion of the
background
(which depends on ocular velocity). Hence the perceived velocity
of the background
is reduced with faster eye movements. A special case occurs
when eye velocity equals the velocity of the background
(i.e. when the eyes
track the background).
Such an instance defines the Aubert-Fleischl
phenomenon mentioned
earlier: the perceived velocity of a signal pursued with the eyes
is lower than when the signal moves past stationary eyes. Since the threshold

physlcal

velocity

of background

matlon

Fig. 4. Theoretical
Stevens functions:
estimated
background
velocity for non-moving
eyes (drawn

background
velocity as a functmn
line) or moving cycs (broken lines).

of physical
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for motion increases with faster eye movements the Aubert-Fleischl
phenomenon should increase with signals moving at higher velocities. This expectation
is confirmed
in a study on the Aubert-Fleischl
phenomenon
reported by
Dichgans et al. (1975).
These considerations
taken together imply that perceived motion, velocity
and direction are all relative concepts. They are the outcome of a comparison
process. Retinal image shifts do not carry information about movement of a
stimulus. To perceive motion a comparison signal is needed. In this sense the
perception
of motion does not differ from the physical determination
of
motion of an object. Here too the object itself does not carry information
on its
own movement. Its motion, velocity and direction can only be determined with
respect to another object, serving as a frame of reference. In the absence of
additional
retinal signals that can serve as a frame of reference [3], the visual
system uses extraretinal
signals for this purpose.
Since extraretinal
signals are so crucial to the perception
of motion it is
worthwhile to speculate on their nature. Illusory motion and displacement
may
be perceived with stationary eyes. This is the case when an effort is made to
move paralyzed eyes (see Kornmtiller
1930; Stevens et al. 1976), or in an
attempt to keep the eyes stationary during mechanical
loading of the eyeball
(Skavensky et al. 1972; Bridgeman
1979). Since in such cases retinal motion
signals equal zero, the illusions must have originated
from the presence of
extraretinal
signals concurrent
not with eye movements but with the intention
to move the eyes.
However, thresholds for motion do not only increase during eye movements.
They also increase during active head rotations,
both in the presence and
absence of eye movements
(Wallach and Kravitz 1965; Wallach and Bacon
1976; Btichele et al. 1980; Probst et al. 1980). Exploratory measurements
in our
own experimental
set-up have revealed that the threshold for motion of the
background
is also elevated when the eyes and head move together (the effects
of body rotation are currently under investigation).
There is a large amount of
literature
on visual movement
illusions concurrent
with bodily motion and
acceleration,
such as illusory motion of visual afterimages, the oculogravic and
the oculogyral illusions, the elevator illusion and many illusory distortions
of
tilt, size, velocity, direction and distance (see Fisher and Kornmtiller
1930;
Mack and Bachant 1969, Ross 1974; Pavard and Berthoz 1977; Yasui and
Young 1975; Dichgans and Brandt 1978).
These phenomena,
taken together, suggest that in response to acceleration,
the vestibular
system creates a signal which is functionally
equivalent
(and

[3] The extent to which the visual system selects other retinal signals to serve as a frame of
reference seems to depend on their Gestalt properties in the visual field (see for some discussions
of this issue and of its relevance to induced motion: Wallach 1959; Ross 1974; Wallach er al. 1978;
Epstein 1978; Goodson et ul. 1980; Rock et crl. 1980).
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probably
complementary)
to the extraretinal
signal associated with the oculomotor system. This equivalence would imply that a JND must be reached
also between retinal signals and such vestibular
signals in order to perceive
visual movement of a stimulus during head or body movement.
Hence visual
thresholds for motion should also increase in direct proportion
to head or body
velocity. Recently this effect has indeed been reported (Probst et ul. 1980). This
“equivalence
hypothesis”
is also supported
by an effect reported by Pavard
and Berthoz (1977). Subjects looked at stimuli moving with constant velocity
over a screen. When the whole experimental
set-up (including
the subjects’
chair, the screen and the stimulus
projection
apparatus)
was accelerated,
subjects perceived a cessation of stimulus motion for a certain period, the
duration
of which increased
with higher accelerations.
The effect can be
explained
if it is assumed that stimulus motion is not perceived when the
vestibular velocity signals reach a magnitude
which approximates
the magnitude of the retinal velocity signals. Since the range over which no motion is
perceived should also increase with larger vestibular
signals (as depicted in
fig. 3) the effect will last longer with higher accelerations.
In conclusion,
it seems that the reference signals-without
which retinal
image motion cannot be interpreted
in terms of stimulus movement-do
not
only concur with the intention
to move the eyes, but also result from movements of the body: apparently such reference signals are evoked by what could
be termed “ego-motion”.
Since motion can only be defined by virtue of these
reference signals, the perception
of a moving or stationary
stimulus can be
considered
as a psychological
construct, created in the wake of our actions.
The consequences
for the epistemology
of perception
(see Carterette
and
Freedman
1974; Gibson
1968, 1979; Ullman 1980). at least with respect to
movement, are obvious.
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