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The perception of shrinking in apparent motion

MAURICE HERSHENSON
Brandeis University, Waltham, Massachusetts

Apparent motion was produced using two triangular patterns of different sizes, each exposed
for 100 msec, with a 50-msec interstimulus interval and 200-msec recycle interval. The triangles
were aligned either on center or on the midpoints of the bases. In Experiment I, filled, outline,
and three-dot triangles were viewed over four backgrounds: a blank illuminated field, and tex
ture gradients constructed from horizontal lines, perspective lines, or a combination of these (full
texture). In Experiment 2, outline and dot triangles were presented in one of three orientations:
base down, base right, and base up over a blank background. Subjects made two forced-choice
responses: apparent size was categorized as shrinking or not shrinking, and apparent motion
was categorized as motion in depth or motion in a fixed frontal plane. The type of alignment
was the major determiner of responses. When the midpoints of the base were aligned, the
predominant response described a shrinking object in a fixed position in depth. When the centers
were aligned, the predominant response described an object of constant size moving in depth.

To say that an object "shrinks" means that it gets
smaller but retains its shape. The illusion of shrinking has
been produced in cartoon, science fiction, and fantasy
films, leaving no doubt that a two-dimensional stimulus
can appear to shrink in size. Nevertheless, the mechanism
underlying this illusion is not understood. Clearly the per
ception of shrinking is not produced simply by a decreasing
proximal stimulus size. Such a stimulus typically produces
the perception of motion in depth, a proximal-perceptual
relationship that is well established (Gibson, 1950; Her
shenson, 1982, 1991; Ittelson, 1951; Johansson, 1964;
Schiff, 1965). Therefore, the stimulus that produces the
perception of shrinking must differ in some way from the
stimulus that produces the perception of motion in depth.
This report describes two experiments that examined pos
sible sources of the difference: (1) the proximal motion
pattern of the shrinking object, (2) its height in the pic
ture plane, and (3) the background on which it appeared.

Normally, three-dimensional motions of rigid objects
project as proximal size change in two dimensions; this
is, in turn, perceived as rigid objects moving in three
dimensions. Real shrinking objects (such as deflating bal
loons) also project as two-dimensional proximal size
change. However, their appearance is illusory-they ap
pear to be rigid objects moving in depth rather than sta
tionary objects that are changing in size (Ittelson, 1951).
Movies provide a clue to the difference in the proximal
patterns for objects that appear to shrink. Typically, a
shrinking object appears to retain its perceived position
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in depth. The size change appears to be directed toward
a point on one edge of the object, an edge that appears
to anchor its position in depth. The proximal representa
tion of this edge expands and contracts in only one di
mension. It is possible, then, that perceived shrinking re
sults when one side of a proximal motion pattern changes
in size in only one dimension.

This difference is illustrated in Figure 1 for two con
tracting (converging) triangular proximal motion patterns.
Pattern a shows a triangle that is contracting toward its
midpoint. The vertices move toward the common central
point. The sides decrease in linear size and also change
position in the picture plane-the sides move diagonally
and the base moves upward. Thus, all three sides move
in two dimensions in the picture plane. Pattern b shows
a triangle that is contracting about the midpoint of one
side (the base). The vertices of this triangle converge
toward the midpoint of the base. This pattern differs from
Pattern a primarily in the motion of the base: it decreases
in size along the axis containing the base but it does not
change position in the picture plane. Thus, all sides move
in two dimensions in Pattern a, but the base changes in
only one dimension in Pattern b. Similar relationships
hold for divergence (expansion) patterns.

It is also possible that the dimensional difference in the
motion patterns is necessary but not sufficient to produce
the perception of shrinking. A textured ground may be
required to provide an anchor for the base or to provide
a stable context for the relative motions of the other sides.
These possibilities were examined in the first experiment
using triangular apparent motion patterns composed of
dots, lines, and filled shapes. Each pattern was viewed
over four backgrounds: (1) a blank illuminated field,
(2) lines drawn in perspective converging toward the
horizon, (3) a horizontal-line texture gradient, and (4) a
full-texture pattern combining the perspective and hori
zontal line gradients.
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(a) Convergence toward
POint near center

(b) Convergence toward
point on base

Figure 1. Triangular motion patterns illustrating the difference in relative moti~ns

of the base (one side). In Pattern a, the vertices of the triangle move toward a pomt
(P) near the center. The base changes in two dimensions-it decreases in linear size
as it moves upward in the picture plane. In Pattern b, the vertices converge toward
a point on the base. This side of the triangle changes in one dimension.

EXPERIMENT 1
Backgrounds and Pattern Elements

Method
Stimuli. A single stimulus for apparent motion consisted of two

cards containing triangles of different sizes, each exposed in one
channel of a Scientific Prototype three-ehannel mirror tachistoscope
(Model GB). There were three types of triangles: (1) filled trian
gles, (2) outline triangles, and (3) triangles with dots.placed at the
vertices. There were two types of apparent-monon patterns:
(1) concentric and (2) collinear base. The vertices of concentric pat
terns were placed along axes that met at a point near the center
of the triangles. These apparent-motion stimuli are similar in posi
tion to the pattern illustrated in Figure lao The vertices of collinear
base patterns were placed along axes that m~t at ~e ~dpoin~ of
the base of the triangles. These apparent-motion stimuli were sim
ilar in position to the pattern illustrated in Figure lb. The patte~s

were presented in base-down (horizontal) orientation, centered m
the visual field. They subtended a maximum of 2.5 0 of visual an
gie on a side.

The stimuli were presented against four types of backgrounds ex
posed in a third channel of the tachistoscope. The blank field was
produced by an illuminated white card. The horizo~tal-.line text~re

consisted of horizontal lines with gradually decreasing mterverung
spaces from the bottom of the field to the horizon line, which ~as

1.1 0 of visual angle above the center of the field. The perspective
line texture consisted of lines that ran from the bottom of the field
to the horizon line but converged toward a point slightly above the
horizon. The full-texture background consisted of a combination
of the horizontal and perspective line textures. The rectangular stim
ulus field measured 4.6 0 of visual angle horizontally and 6.4 0 of
visual angle vertically. It contained a small red fixation cross at
the center. The area outside the background field was dark.

Procedure. The stimuli were exposed alternately for 100 msec
over a background field that was constantly illuminated. The flashing
channels were recycled with a 50-msec interstimulus interval and
a 2oo-msec recycle interval. The values were selected in pilot test
ing because they produced strong perceptions of apparent motion.
The shorter interval followed the presentation of the larger trian
gle, making the apparent motion toward the point of convergence
the more salient aspect of the perceived motion.

The subjects sat with their heads firmly pressed against ~ h~d

restraint. Viewing was binocular, but there was no differential in
formation from retinal disparity because the stimulus components
were at the same optical distance. (There was no apparent motion

in depth from same-sized triangles alternately exposed .in ~e ta
chistoscope.) Each of the six types of apparent -motion stimuli was
presented over each of the four backgroun~s f~r 3 min. The 24 pat
tern x motion type x background combinations were presented
in a different predetermined random order for each subject.

The subjects were required to make forced-choice responses, :on
tinuously categorizing their perceptions as shrinking or not shrink
ing and as moving in depth or not. They were instructed to respond
to the following questions: (1) Does the object or figure appear to
be shrinking and expanding or does it appear to re~n t?e same
size? (2) Does the object or figure appear to be moving in depth
or does it appear to move only in the frontal plane? The subjects
were instructed to respond as soon as possible after stimulus onset
and to continue responding during the entire 3-min exposure. They
were, however, permitted to remain silent if their perceptions di?
not change, but were instructed to report a change the moment It
took place. The type of change could bedescribed immediately after
noting it. The subjects were specifically told that silence w~uI~ be
interpreted as no change in perception since the last descnpt!on.
The instructions were also explained informally, The perceived
shrinking in the movie Alice in Wonderland was given as an exam
ple of the kind of perception the subject should describe as "shrink
ing," and the perceived motion in depth seen in the R~ad Runner
cartoons was given as an example of the kind of perception the sub
ject should describe as "motion in depth."

Subjects. The subjects were 9 undergraduate volunteers from an
introductory course in psychology. Each had normal or corrected
to-normal vision.

Results
The protocols were continuous records of the subjects'

responses describing the perceived object as shrinking or
not shrinking and as moving in depth or remaining in the
same depth plane. Thus, there were four possible combi
nations of the two two-choice responses. The data were
scored for each response separately and for the combina
tion of responses.

Analyses of variance were computed on two arcsin x'h

transforms of proportions separately for shrinking and
motion-in-depth reports in each subject x stimulus pat
tern x motion type X background combination. The only
large difference was produced by the position of the point
of convergence [F(I,8) = 22.03 and 31.l5,p < .OI,for



shrinking and motion-in-depth responses, respectively].
None of the other main effects or interactions was signif
icant for the shrink response. For the motion-in-depth re
sponse, the only significant interaction was between back
ground and the type of object [F(6,48) = 5.32, p < .01].
(Note that point of convergence did not interact with any
other variable.) The triangular arrays of dots produced
the fewest depth responses over the blank background
(35%), the most depth responses over the horizontal-line
background (57 %), and an intermediate number of depth
responses over the perspective and full-texture back
grounds (46% and 51 %, respectively). Outline triangles
and solid triangles produced similar proportions (between
55% and 64%) for all backgrounds.

Table 1 shows the proportion of shrink and no-shrink
responses for the base and center convergence patterns.
Perceived shrinkage was reported 80% of the time when
the point of convergence was located on the base of the
triangle and 44 % of the time when it was located near
the center of the triangle. Table 2 shows the proportion
of frontal-plane and motion-in-depth responses for each
pattern. Perceived motion in depth was reported 38% of
the time when the convergence point was located on the
base of the triangle and 74 % of the time when it was lo
cated near the center of the triangle.

The paired responses were evaluated separately in 2 X

2 contingency tables for each of the 24 conditions. Each
of the resulting chi-squares was significant (p < .01).
Table 3 shows the overall proportions of paired responses
for base and center convergence patterns. Perceived shrink
ing was associated with motion in the frontal plane (i.e.,
no motion in depth) 62 % of the time when the point of
convergence was on the base of the triangle and 26 % of
the time when the point ofconvergence was near the center
of the triangle. Perceived motion in depth was associated
with a nonshrinking object (i.e., an object of constant size)

Table 1
Proportion of Shrink or No-Shrink Responsesfor Base and Center

Convergence Patterns in Experiment 1

Shrink No Shrink

Baseconvergence 80 21
Center convergence 44 50

Table 2
Proportion of Frontal-Plane or Depth-Motion Responses for Base

and Center Convergence Patterns in Experiment 1

Frontal Plane Depth Motion

Baseconvergence 63 38
Center convergence 26 74

Table 3
Proportion of Paired Responsesfor Base and Center Convergence

Patterns in Experiment 1

BaseConvergence Center Convergence

Shrink No Shrink Shrink No Shrink

Frontal-plane motion 62 I 26 0
Motion in depth 18 20 18 56
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20% of the time when the point of convergence was on the
base of the triangle and 56 %of the time when the point of
convergence was near the center of the triangle. Shrinking
and motion in depth were associated 18% of the time for
both convergence patterns, while constancy and frontal
plane motion were associated less than 1% of the time.
Assuming that each of the four response combinations was
equally likely, it is clear that the position of the point of
convergence was a major determiner of the paired re
sponse: When the point of convergence was on the base,
the predominant response described a shrinking object in
the frontal plane; when the point of convergence was near
the center, the predominant response described an object
of constant size moving in depth.

EXPERIMENT 2
Orientation and Height in Picture Plane

In Experiment 1, the point of convergence of the ap
parent motion was either on the base or near the center
of the triangle. Because the motion patterns were pre
sented in base-down orientation, the base of the triangle
could move in one or in two dimensions, and, conse
quently, the relative height in the picture plane changed
differentially. That is, when the sides converged toward
a point on the base, the base remained at the same height,
but when the sides converged toward a point near the
center, the base moved higher in the frontal plane. There
fore, it is possible that the difference in the responses pro
duced by these two patterns was due to the differential
height in the picture plane rather than to the dimension
ality of the motion pattern itself.

Experiment 2 addressed this possibility by varying the
orientation of the apparent-motion patterns. Three orien
tations were used: (1) base up, (2) base down, and
(3) base right. The base-up pattern reversed the relation
ship because the upper side (base) moved lower in the
picture plane for a convergence point near the center. In
the base-right orientation, the center of the side (base) was
at the same height in the picture plane as the central point
of convergence. Therefore, in this orientation, the size
change component of the motion of the side (base) did
not change its height in the picture plane.

Method
Stimuli. The stimuli were triangular configurations of dots and

lines. Figure 2 shows the concentric (left-hand)and collinear (right
hand) patterns in the three orientations: base up, base right, and
base down. The stimuli were presented against a blank white back
ground.

Procedure. The procedures and instructions were the same as
in Experiment I. The 12 stimulus pattern x orientation x stimu
lus type combinations were presented in a different predetermined
random order for each subject. Eight subjects were assigned ran
domly to view either outline or dot triangles.

Subjects. The subjects were 16 undergraduates. Each had nor
mal or corrected-to-normal vision.

Results
The protocols were continuous records of the subjects'

responses. The data were scored in the same way as in
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(a) Base up

(b) Base right

Base Convergence Center Convergence

Shrink No Shrink Shrink No Shrink

Frontal-plane motion 68 I 29 2
Motion in depth 16 16 9 61

Table 4
Proportion of Shrink or No-Shrink Responses for Base and Center

Convergence Patterns in Experiment 2

Table 6
Proportion of Paired Responses for Base and Center Convergence

Patterns in Experiment 2

Base convergence 84 17
Center convergence 38 63

Table 5
Proportion of Frontal-Plane or Depth-Motion Responses for Base

and Center Convergence Patterns in Experiment 2

Frontal Plane Depth Motion

Shrink No Shrink

Perceived shrinking was associated with motion in the
frontal plane (i.e., no motion in depth) 68% of the time
when the point of convergence was on a side of the trian
gle and 29% of the time when the point of convergence
was near the center of the triangle. Perceived motion in
depth was associated with a nonshrinking object (i.e.,
constant-sized object) 16% of the time when the point of
convergence was on a side of the triangle and 61 %of the
time when the point of convergence was near the center
of the triangle. Shrinking and motion in depth were as
sociated 16%and 9 % of the time for side and center con
vergence, respectively, while constancy and frontal-plane
motion were reported no more than 2% of the time. As
suming that each of the four response combinations was
equally likely, it is clear that the position of the point of
convergence was a major determiner of the paired re
sponse: When the point of convergence was on a side of
the triangle, the predominant response described a shrink
ing object in the frontal plane; when it was near the center
of the triangle, the predominant response described an ob
ject of constant size moving in depth.

Base convergence 69 30
Center convergence 31 70

Experiment 1. Analyses of variance were computed on
two arcsin x'h transforms of percent shrinking reports
and percent motion-in-depth reports in each stimulus pat
tern x orientation x stimulus type combination.

The position of the point of convergence of the apparent
motion pattern produced the only large difference
[F(l,14) = 19.83 and 23.66,p < .01, for shrinking and
motion-in-depth responses, respectively]. Base-up orien
tation produced the largest proportion of perceived depth
responses (65%), and base-down orientation produced the
smallest proportion (43%). Base-right orientation fell in
between (49%) [F(2,28) = 7.97,p < .01]. None of the
other main effects or interactions was significant.

Table 4 shows the proportion of shrink and no-shrink
responses for the base and center convergence patterns.
Perceived shrinkage was reported 84 %of the time when
the point of convergence was located on a side of the tri
angle and 38% of the time when it was located near the
center of the triangle. Table 5 shows the proportion of
frontal-plane and motion-in-depth responses for each pat
tern. Perceived motion in depth was reported 30% of the
time when the convergence point was located on a side
of the triangle and 70% of the time when it was located
near the center of the triangle.

Table 6 shows the overall contingent relationships be
tween the responses for base and center convergence pat
terns [X2(3) = 7,247 and 8,941,p < .01, respectively].

DISCUSSION

(c) Base down

Figure 2. Conc:entric Oeft-side) and collinear (right-side) outline
triangles used to produce apparent motion in Experiment 2. Stim
uli were presented in one of three orientations: base up, base right,
or base down. The arrows indicate primary apparent-motion paths
for the vertices.

The experiments demonstrate that a specific proximal
pattern-convergence toward a point on a side of the
figure-is implicated in the perception of shrinking in a
fixed frontal plane. When the qualities were analyzed sep
arately, base-eonvergence patterns appeared to change in
size (shrink and expand), whereas center-eonvergence pat
terns appeared to remain constant in size; base
convergence patterns appeared to remain in a fixed fron
tal plane, whereas center-convergence patterns appeared
to change their position in depth. A consistent response
pairing was demonstrated in the contingency analyses:



When the triangles appeared to shrink, they appeared to
be fixed in a single depth plane; when the triangles ap
peared not to shrink (to remain constant in size), they ap
peared to move in depth. These perceptions were appar
ently independent of background, orientation, and height
in the picture plane. They cannot be attributed to differ
ential cues to flatness or to prior experience, because these
factors were constant across stimuli.

Placing the point of convergence on one side of the fig
ure reduces the proximal change in that side to a single
dimension. Many studies have reported the difference in
perceptual response to one-dimensional and two
dimensional change in the proximal stimulus. Proximal
patterns that change in one dimension do not consistently
produce a single response. Instead, they result in reports
of shape and/or size change as well as constancy, and of
rotation and/or translation in depth as well as position con
stancy. In contrast, patterns that change in two dimen
sions almost invariably produce reports of rigid object mo
tion in depth (Borjesson & von Hofsten, 1972, 1973;
Johansson, 1950, 1958, 1964; Johansson & Jansson,
1968; Swanston & Gogel, 1986; Wallach & O'Connell,
1953). However, base-eonvergence patterns were not used
in these studies, and, consequently, the specific proximal
pattern that consistently produced frontal-plane shrinking
was not isolated.

The relationship between perceived size and perceived
distance also impacts on our understanding of minimum
principle explanations of space perception (Hatfield & Ep
stein, 1985). A minimum principle might suggest, for ex
ample, that the most parsimonious organization of the in
put determines the perceptual response. In this view, the
center-convergence pattern appears to move in depth and
the base-convergence pattern appears to shrink because
these perceptions require change in only one dimension:
z-axis for the former and size for the latter. But this ex
planation masks the more important feature of the
response-the absenceofchange in perception, in this case
constancy of size (rigidity), and of position (frontal-plane
motion). The experiments demonstrated these relation
ships explicitly because the dual forced-choice responses
exposed the contingent relationship. In the limiting cases,
change in one perceptual attribute was associated with con
stancy in the other: changing perceived size (shrinking)
with constancy of depth-plane position, and changing po
sition in depth with nonchanging size (constancy or ri
gidity). In this sense, a constancy principle and a mini
mum principle are the same.

In another context, the demonstration of paradoxical
perceptions such as micropsia and the moon illusion has
been taken as evidence that perceived size and perceived
distance are independent (Haber & Levin, 1989). The con
tingent relationship between these perceptual qualities ar
gues against this view. However, the data also suggest
that the relationship is not as simple as that proposed in
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the kinetic version of the size-distance invariance hypoth
esis (Hershenson, 1982, 1989, 1991, 1992). That hypoth
esis asserts that a changing solid visual angle produces
a constant perceived size and a changing perceived dis
tance. As originally conceived, the description of the prox
imal stimulus as a changing solid visual angle described
a proximal change in area. However, identifying the stim
ulus for perceived shrinking suggests a modification of
the hypothesis because it clearly does not apply to stim
uli that appear to shrink. Apparently, kinetic invariance
describes the perceptual response to a changing solid
visual angle only when all sides of the proximal pattern
change in two dimensions.
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