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THE PERCEPTION OF MOTION 

Relativity of nlotion furnishes the chief clues to the perception 

of it, yet \ve ascribe nl0tion to objects as if they had acquired 

an absolute quality. This ,vay of perceiving plays strange tricks 

Most of u� have had the experi­
ence of staring from a waiting 
train at a train on an adjacent 

track and sensing momentarily and mis­
takenly that it was our train that had 
started to move forward. Alternativel y 
we have idly gazed at a branch reaching 
upward from a running stream and have 
seen the branch apparently drift up­
stream. Or we have looked at the moon 
through wind-swept, broken clouds, 
framed in treetops, and have wondered 
as the moon appeared to sail through 
the sky against the motion of the clouds. 

These are familiar instances of a pe­
culiar aspect of our visual perception of 
motion. As strictly defined by the physi­
cist, motion is the displacement of one 
object relative to other objects. But the 
physicist does not help us to clarjfy 
our perception of motion, for he will add 
that motion is a matter of definition. 
Which object is displaced and which 
serves as the frame of reference is an 
arbitrary choice. Visually perceived, 
however, motion has no such relative 
aspect; it is an attribute of the moving 
object, even if only a temporary one. 
We say that an object is at rest when this 
property is absent. Thus, in experience, 
motion and rest are absolutes, inherent 
in the object perceived. \lVe sense this 
absolute quality of motion especially 
when we must correct a first impression. 
Though we can certainly make ourselves 
aware of the displacement of a moving 
ubject in relation to other objects in our 
field of vision, this awareness is by no 
means a genuine part of the perceived 
motion, which remains entirely an affair 
of the moving object. 

It is tempting to ascribe this absolute, 
nonrelativistic aspect of experienced 
motion to the manner in which the ex­
perience is caused. Is not motion per­
ceived when an object changes its posi-
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tiun in relation to the observer, causing 
the eyes to pursue it? The perception 
uf motion would thus seem to accord 
with the conditions of stimulation, quite 
independent of the presence of other 
ubjects in the visual field. But matters 
are not quite so simple. \lVe also expe­
rience motion when it is caused by the 
displacement of one object relative to 
another. At first glance it might seem 
impossible to distinguish between these 
two modes of perception, for the dis­
placement of one object in relation to 
another must always involve the dis­
placement of at least one object in 
relation to the observer. The distinc­
tion may be proved, however, by ex­
periment. As everyone who has watched 
the hour hand of a clock knows, motion 
may be too slow to be perceived; one 
may notice change of position, but not 
motion. \lVith a luminous dot in a homo­
geneous dark field, we can measure the 
threshold of velocity at which motion is 
perceived. But if we now light up a sec­
ond, stationary dot near the moving one, 
we discover that the threshold is lowered 
considerably. Motion at a lower velocity 
will be seen so long as the two dots do 
not move too far apart. \lVe may thus 
distinguish between motion perceived 
un the basis of an "angular displace­
ment" of an object relative to the ob­
server and of an "object-relative dis­
placement" of one object in relation to 
another. 

This experiment reveals a further in-
teresting fact. When the moving dot 

moves too slowly to excite perception 
of motion by virtue of its angular dis­
placement, object-relative displacement 
will lead the viewer to experience the 
motion of one dot or of the other or 
of both in various patterns, as shown 
in the illustration on this page. The re-

suits reported by observers are as varied 
as the ambiguity of the situation would 
suggest. \lVe may now ask a useful ques­
tion: How do perceived motion and rest 
in such a situation distribute themselves 
among the objects that are being dis­
placed relative to one another? The 
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OBJECT·RELATIVE MOTION may give a 

viewer perceptions of motion quite differ· 
ent from the objective motion. Relative dis· 
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question suggests further experiments 
which reveal some significant principles 
that rule the visual assignment of the 
properties of motion and rest to the 
objects perceived. 

Consider what happens when one of 
the two objects surrounds the other, the 
first object in effect forming the back­
ground of the second. For example, the 
viewer is presented with a dot surround­
ed by a circle. No matter which object is 
moved by the experimenter, the result 
is invariably the same: the viewer sees 
the dot move and sees the circle remain 
at rest. 

This rule is rather strict and pervasive. 
It even holds under conditions in which 
it gives rise to experiences that are at 
variance with the objective situation. 
For example, the viewer is presented 
with a dot surrounded by a rectangle 
which is in turn surrounded by a ring. If 
the rectangle is now moved, the viewer 
perceives motion in both the dot and the 
rectangle and sees the ring remain sta­
tionary. The perceived motion of the 
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rectangle is in the direction of its ob­
jective motion, while the motion of the 
dot is in the opposite direction. But this 
distribution of motion and rest among 
the objects is quite inappropriate. That 
the dot appears to move and the ring 
does not is inconsistent with the fact that 
there is no objective displacement be­
tween the dot and the ring. The nature of 
this discrepancy is clarified by removing 
the ring from the picture. Without the 
ring only the dot is seen to move. The 
addition of the ring adds the motion of 
the rectangle to that of the dot, for the 
rectangle is now a surrounded object. 
Thus the two motions perceived arise 
from the two different relative displace­
ments. 

The rule that the surrounded object 
appears to move holds even when the 
surrounding object is moved at a velocity 
above the threshold for perception of 
angular displacement. In the ring, rec­
tangle and dot experiment, the stationary 
dot still appears to move in the direction 
opposite that of the objectively moving 

rectangle. The ring, however, is no long­
er a necessary part of the situation, be­
cause the motion of the rectangle can 
now be perceived in the absence of the 
ring. We have here, in fact, the scheme 
of the illusion of the sailing moon or of 
the drifting branch. The moon corre­
sponds to the dot, and the clouds repre­
sent the rectangle. The trees or rooftops 
in our line of vision may serve as the 
ring, but their presence is not essential 
because the clouds are moving above the 
angular-displacement threshold. Simi­
larly the objectively stationary branch 
in the stream is the surrounded object, 
and leaves or other debris on the sliding 
surface of the stream are analogous to 
the moving rectangle. 

This illusion is usually called "in­
duced" movement. The term has been 

in use a long time; it has been commonly 
assumed that the induced movement is 
caused merely by the perceived move­
ment in the environment, and that it is 
always in the opposite direction. But as 
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placement of the circle and square at left, produced in four differ­
ent ways, may be experienced as any of the three uppe<' combina­
tions of motion. A surrounded object, as in center panel, takes on 

uniform perceived motion (colored arrows) despite varying com­
binations of objective motion (black arrows). If surrounded object 
is itself surrounded (right), it too acquires perceived motion. 
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the same when the moving disks tra­
verse equal fractions of the apertures 
in the same unit time. The transpo­
sitions are not, of course, 100 per cent 
perfect. This is because the perception 
of angular displacement also plays some 
role in our estimate of speed. But the 
close match of velocity ratios with the 
ratios of aperture sizes indicates the pre­
ponderant role of the object-relative 
mode of motion perception. 

The important factor of form enters 
the discussion at this point; it plays a 
critical role in perception of object-rela­
tive motion. A pattern of visual stimula­
tion may be transformed in a number of 
ways without changing the form. The 
most familiar, and the one relevant here, 
is the transformation of size. Two aper­
tures of different size, each with moving 
disks at the same relative point, present 
identical forms to the observer. As the 
disks move at matched speeds, the two 
forms go through identical changes. 

Whereas a change in size does not 
affect perceived form, another simple 
transformation produces surprisingly im­
pressive changes in our perception of 
form. A pattern may change its form 
entirely when its orientation to the up­
right is altered. Turn a square through 
45 degrees and it looks so different that 
it commands a different word in our lan­
guage. The same is true of such a simple 
configuration as a pair of dots, because 
the dots produce, in their perceptual re­
lationship to each other, an impression 
of direction [see middle illustl'ations at 
right]. Our perception of motion reflects 
this quality of form perception. For ex­
ample, if two dots are moved in the same 
direction at the same velocity below the 
threshold for perception of angular dis­
placement, they do not appear to move 
at all. There being no change in the dis­
tance between them, there is no object­
relative displacement. On the other 
hand, if one dot is held stationary and 
the other is moved around it in a circular 
path, one or the other or both dots are 
seen in motion. Although the change in 
form here does not involve change in 
distance, it acts exactly like object­
relative displacement and produces per­
ceived motion. 

Our perceptual dependence upon ob­
ject-relative displacement and form 
change accounts for a number of engag­
ing phenomena. Frequently the move­
ment of an object along a given path 
gives rise to the experience of two simul­
taneous movements. We produce an im­
pressive experience of this kind if we 
place a light source on the rim of a wheel 
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FORM PERCEPTION plays an important role in the perception of motion. At top the mo· 
tion of the spots in the two similar rectangles appears to be at the same speed because the pat· 
terns are identical (as at right) at each stage of motion. Rotating a square through 45 degrees 
makes it into a "diamond." Similarly a change in the position of two dots (right middle) con· 
veys quite a different sense of form. If two dots move slowly in the same direction (bottom 

left), no motion is pe:ceived. However, circular motion of one dot (bottom right) causes a 
change of form and excites definite perception of motion (which may involve both dots). 
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