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ABSTRACT

A framework is proposed for analyzing the perception of motion in depth
produced by simple proximal motion patterns of two to four points. The
framework includesinput structure, perceptual system constraints, and a
depth scaling mechanism. Theinput isrelational stimulation described by
two proximal dimensions, orientation and separation, that can change or
remain constant over the course of a motion pattern. Combinations of
change or no-change in these dimensions yield four basic patterns of
proximal stimulation: parallel, circular, perspective, and parallax. These
primary patterns initiate automatic processing mechanisms — a unity
constraint that treats pairs of points as connected and arigidity constraint
that treats the connection asrigid. When the constraints are activated by
perspective or parallax patterns, the rigid connection between the points
also appears to move in depth. A scaling mechanism governs the degree
to which the objects move in depth in order to maintain the perceived
rigidity. Although this framework is sufficient to explain perceptions
produced by three- and four-point motion patterns in most cases, some
patterns require additional configurational factors to supplement the
framework. Neverthel ess, perceptual qualitiessuchasshrinking, stretching,
bending, and fol ding emerge from the application of the same processing
constraints and depth scaling factors as those that produce the perception

of rigid objects moving in depth.
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This paper proposes aframework for analyzing the perception of motion
in depth produced by simple proximal motion patterns of two to four points.
The goal isto provide asingle framework for understanding the perception
of rigid object motions produced by the moving points as well as nonrigid
outcomes such as shrinking, stretching, bending, and folding. The frame-
work includes input structure, perceptual system constraints, and a depth
scaling mechanism. The input consists of relational stimulation described
by two proximal dimensions, orientation and separation, that can change
or remain constant over the course of a motion pattern. Combinations of
change or no-change in these dimensions yield four basic patterns descri-
bing the motion of two proximal points: parallel, circular, perspective, and
parallax patterns. Pairs of points are processed automatically according to
operating characteristics of the perceptual system described as unity and
rigidity constraints. The processing includes a depth scaling mechanism to
maintain perceived rigidity and induce the perception of motion in depth.
Although this framework is sufficient to explain perceptions produced by
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three- and four-point motion patterns in most cases, some
patterns require additional configurational factors to supple-
ment the framework. Nevertheless, perceptual qualities such
asshrinking, stretching, bending, and folding emerge from the
application of the same processing constraints and depth
scaling factors as those that produce the perception of rigid
objects moving in depth.

The perception of rigid motion in depth has received so
much attention since the development of computers and the
concomitant interest in artificial intelligence and robotics,
that a comprehensive review is beyond the scope of this
paper. One major dimension that separates approachesis the
type and size of the smallest proximal stimulus unit that is
analyzed. The framework presented here begins with two-
point motions and builds to four-point patterns. It is difficult
to compare with approaches that analyze flow patternsin the
optic array®™ or the motions produced by larger figures®.
Therefore, the research that is reviewed represents approa-
ches similar to that presented here and, in many cases, the
review is manifested in comparisons described throughout
the paper.

The approach closest to the one being proposed is that of
Johansson (for reviews*1). Johansson demonstrated that €le-
ments in motion in the picture plane are always related to each
other in perception and he concluded that the visual system
treats motion stimulation as relational. He proposed that the
visual system functions asif it performed an inverse projective
geometry using components of the vectors describing the mo-
tions of elements of proximal stimulation. Johansson analyzed
these vectors into common and relative components. In gene-
ral, common motion describes vector components in the same
direction that are equal in magnitude, and relative motion
describes vector components that change the proximal distan-
ce between elements. In addition, Johansson proposed that the
input components are transformed into perception according
to decoding principles. He argued explicitly that, in kinetic
situations, perceived size and shape constancy are automatic
consequences of processes operating on the projective inva-
riants in the proximal stimulus. In his view, motion compo-
nents are automatically processed and perceived as rigidly
connected units whenever possible.

Borjesson and von Hofsten® applied these ideas to the
perceived motion of two-point proximal motion patterns.
They explained the perceived motions in terms of eight basic
proximal patterns: collinear and parallel common motion,
collinear and parallel relative motion, and four patterns pro-
duced by combining them. Relative motion components
were defined as motion toward a point or line. The magnitude
and direction of the common motion components was selec-
ted such that the sum of the relative motion vectors was zero.
Most of the basic patterns were consistently associated with
unique perceptual responses: common motion alone was as-
sociated with the perception of motion in the frontal plane;
collinear relative motion combined with parallel common
motion was consistently associated with the perception of

translation in depth; noncollinear relative motion alone, and
combined with collinear common motion, were consistently
associated with the perception of rotation in depth; and non-
collinear relative motion combined with parallel common
motion was associated with the perception of rotation in
depth, or simultaneous rotation and motion in depth. In con-
trast, collinear relative motion alone or combined with colli-
near common motion did not produce consistent responses
— all possible perceived motions were reported. Similar ana-
lyses were performed for three-point patterns*¥ and for rotary
motion patterns®,

Borjesson and Ahlstrém®® proposed a smaller set of basic
proximal motion patterns to predict the perceptions of three-
point motions. They distinguished between common and
relative motion in the same way, however they substituted
concurrent motions for collinear relative motions. Concur-
rent relative motions are motion components that would
meet at a point if the motion were continued. Borjesson and
Ahlstrdm also reclassified circular proximal motions. These
patterns had been classified as relative motions because the
vectorsdiffer in direction (i.e., are not “common”). However,
because the distance between points does not change, they
were included with the common motion vectors. Combina-
tions of these patterns produced four basic three-point mo-
tion patterns: parallel common, circular common, concur-
rent relative, and parallel relative motion. Borjesson and
Ahlstrém® related these four vector patterns to the differen-
tial components of local surface image deformation that were
proposed by Koenderink and van Doorn®4. The parallel
common pattern contains no local deformation so the diffe-
rential components are all zero. The circular common pattern
is pure curl and the concurrent relative pattern is pure diver-
gence. The parallel relative pattern is divergence and defor-
mation combined.

The approach proposed in this paper is similar but differs
in the number and type of basic motion patterns proposed, in
the degree of applicability of the processing rules, and in the
depth scaling mechanism that produces perceived rigidity in
most cases but can also produce nonrigid perceptions as a
consequence of specific configurational properties. First,
with respect to basic motion patterns, the four primary two-
point patterns proposed here are based solely on separation
and orientation, the relational dimensions of proximal stimu-
lation. Second, with respect to processes, the proposal is that
unity and rigidity processes are always activated, the stron-
gest possible applicability, whereas Johansson*>*7-2% propo-
sed that unity and rigidity rules are applied whenever possi-
ble, a weaker form. Third, the proposed constraints apply
only to the basic two-point patterns whereas Johansson and
others®? generally apply the constraints to however many
points are in the proximal pattern. Finally, the strong form is
accompanied by an additional requirement: perceived con-
nections between the points that appear to be rigid (real or
subjective contours) also appear to move in depth in a scaled
space. This depth scaling mechanism not only maintains size
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and shape constancy with motion in depth, its application is
also the basis for non-constancy perceptions such as shrin-
king, stretching, bending, and folding, and for paradoxical
size-distance perceptions such as the moon illusion®,

The analysis is presented in four sections: The first sec-
tion describes the four basic proximal motion patterns. The
second section describes the operating constraints necessary
to link these proximal patternsto unigue perceptions, and the
scaling mechanism whose consequence is the perceived mo-
tion in depth. The third section illustrates the use of these
concepts in explaining perceived three-dimensional motions
of complex two-point patterns. The fourth section describes
the perceptual consequences of combining two-point pat-
terns to produce the perceived motions associated with three
and four points. In some cases, the perceptual outcomes are
straightforward combinations of the perceptions produced by
the two-point patterns. In others, additional configurational
factors must be introduced to explain new outcomes such as
shrinking or stretching.

Basic Two-Point Motion Patterns

The motion of the endpoints of distal lines, contours, and
intersections can be represented as the proximal motion of two
points. In this case, however, the points do not move indepen-
dently — their relative position is constrained by the physical
motion and the laws of projective geometry(819222627 (for
discussions of these relationships). The consequence of this
relationship is that the proximal motion of the points is a
relational pattern — the smallest relational pattern in the pro-
ximal stimulus. The points may or may not be connected by a
proximal contour but, when they are not, subjects frequently
report that the points move “as if” connected, a kind of “sub-
jective contour” perception. In some motion patterns of three
or more points, surfaces appear to bend or intersect at such
“invisible” contours10:1428-30)

The relational structure of a specific two-point motion
pattern is embodied in the proximal geometry of the vectors
generated by the moving points. This geometry can be des-
cribed by the proximal separation between the points and the
orientation of the axis connecting them, the fundamental
dimensions identified by Wallach and O’ Connell®? in their
classic study of the kinetic depth effect (KDE). Separation
describes the proximal distance between the points over the
course of the motion. It is specified as visual angle or retinal
size, the envelope of the impinging light pattern. Orientation
describes the proximal meridian of the axis connecting the
points over the course of the motiont. These are relational
dimensions: separation relates the points to each other and
orientation relates the position of the axis to itself over time.

Proximal separation and orientation are independent di-
mensions that may change or remain constant over the course
of the motion. For two-point motion patterns, change in sepa-
ration and orientation can be understood unambiguously.
However, the situations in which the dimensions remain
constant require clarification. Constant separation means that
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the distance between the points does not change as they
move. Constant orientation means that the proximal orienta-
tion of the axis connecting the points does not change as they
move. Thus, although the motion of the points produces a
change in the proximal position of the axis connecting the
points, the orientation of the axis remains the same. Conse-
guently, for all basic motion patterns, the axis connecting the
points changes its proximal position in some way©® even
when the relational dimensions do not change.

Thefour types of proximal patterns produced from combi-
nations of these dimensions are illustrated in figure 1. They
constitute the perceptual atoms, the relational units of proxi-
mal stimulation?. Each combination produces a unique pro-
ximal pattern: A parallel pattern (Panel A) is produced when
both proximal dimensions are constant; a circular pattern
(Panel B) is produced when orientation changes while sepa-
ration remains constant; a perspective pattern (Panel C) is
produced when separation changes while orientation remains
constant; and a parallax pattern (Panel D) is produced when
both dimensions change. The basic patterns produced by
changing orientation (circular and parallax patterns) require
that one of the points remains stationary because, when both
points move, an additional component is introduced into the
motion pattern. Individualy, the four basic proximal pat-
terns produce unique perceptual responses. In general, howe-
ver, constant proximal orientation is associated with percei-
ved tranglation and changing proximal orientation is asso-
ciated with perceived rotation; constant proximal separation
is associated with perceived motion in the frontal plane and
changing proximal separation is associated with perceived
motion in depth.

The four basic proximal patterns proposed here are similar
to those obtained from analyses in different but related con-
texts. Geometrical and mathematical analyses of optic flow®4,
psychophysical studies of detector mechanisms®, and phy-
siological studies of single-cell responses to visual stimula-
tion®® have focused on similar patterns to describe four basic
proximal motions: rigid translation (parallel pattern) and rota-
tion (curl, circular pattern), expansion/contraction (div, pers-
pective pattern), and shear (def, parallax pattern). The basic
patterns proposed here are different because they are relatio-
nal patterns between pairs of moving points, not independent
vectorsor collections of vectors such asflow patterns. They are
two-dimensional spatio-temporal patterns that embody the
continuing relationship between the two points over the cour-
se of their motion.

Parallel pattern. The parallel pattern (Panel A) contains

1 Orientation as a dimension is not the same as describing retinal (proximal) position
using polar coordinates centered on the fovea because, as used here, orientation does
not imply an origin. Nevertheless, the quantitative aspect is aso of interest. For
example, orientation may have meaning if the horizontal or “level” (0-deg) meridian
is related to the perceived horizon. This meaning makes especially good sense for
binocular vision because it can be related to horizontal retinal disparities.

2 Motion patterns in figures are illustrated in a single direction. It is assumed that the
reciprocal proximal pattern results in the perception of motion in the opposite direction.
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Figure 1. Four types of two-point motion patterns produced when proximal separation and orientation remain constant (fixed) or change over the

course of the motion. Parallel pattern: separation and orientation are constant (Panel A); Circular pattern: separation constant and orientation

changing (Panel B); Perspective pattern: separation changing and orientation constant (Panel C); and Parallax pattern: both dimensions change
(Panel D). These patterns constitute the basic units of relational proximal stimulation

no relative motion. The separation between the two moving
proximal points remains constant over the course of the mo-
tion (A1B1 = A2B2). The orientation of the axis connecting
the points remains constant because the points move at the
same rate along parallel paths in the same direction. (Parallel
vectors in opposite directions do not maintain a constant
separation and, therefore, constitute relatively complex pat-
terns. A pattern of this type is analyzed in the third section.)
In the laboratory, parallel patterns of continuously oscilla-
ting dots"® or stroboscopically presented points of light®®
produced consistent perceptual responses — they appeared
to move in the frontal plane asif connected by arigid object.

Circular pattern. In the circular pattern (Panel B), the

distance between the points remains constant (AB1 = AB2)
but the proximal orientation changes over the course of the
motion. The consequence of this combination is that one
point (A) remains fixed, while the other rotates around it in a
circular path. The vector describing the motion of point B is
perpendicular to the axis connecting the points throughout
the course of the motion. Perceptual responses to circular
patterns are also consistent: the points appear to be connec-
ted by a rigid contour that moves in a circular path in the
frontal plane around point A, the fixed end®83+3),
Perspective pattern. In the perspective pattern (Panel C),
the distance between two proximal points changes (A1B1
A2B2) while proximal orientation remains constant, i.e., the
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axis connecting the points remains in the same proximal meri-
dian throughout the course of the motion. Perspective pat-
terns produce consistent responses that described perceived
translation in depth or translation and rotation in depth of an
invisible rod connecting the dots®®23, The direction of the
separation-change determines the direction of the perceived
motion in depth: converging vectors produce perceived mo-
tion away from the viewer and diverging vectors produce
perceived motion toward the viewer.

When the points move directly toward or away from each
other at the same rate, the vectors are equal, collinear, and in
opposite directions. This pattern is called a linear size-change
pattern. In isolation, linear size-change patterns do not pro-
duce unique perceptual responses. Responses may include
perceptions of a linear extent that changes size in the frontal
plane, that moves in depth toward or away from the viewer, or
that rotates in depth around the point of symmetry(0.29:3137-39)
In combination, however, linear size-change patterns play an
important role in understanding nonrigid perceptions such as
shrinking and stretching (see below).

Parallax pattern. The parallax pattern (Panel D) is produ-
ced when both proximal separation and orientation change,
i.e., the distance between the points changes and the axis
connecting the points changes its proximal orientation
throughout the course of the motion. This pattern consists of
a stationary point (A) and a moving point (B). The end of the
contour at A appears to be stationary because point A isfixed
in the proximal stimulus. Therefore, point A is the point of
rotation of the contour. When the vector describing the mo-
tion of point B is perpendicular to the axis connecting the
points (90- or 270-deg relative orientation), a circular pattern
is produced; when the vector and axis are collinear (0 -or 180-
deg relative orientation), an asymmetrical size-change pat-
tern results’. Therefore, parallax patterns are produced when
point B moves in any direction other than these.

Parallax patterns produced consistent responses that des-
cribed perceived rotation in depth about the stationary
end®29, The direction of perceived rotation is determined
by the direction of the separation change: Decreasing separa-
tion produces perceived rotation in depth (B end of the con-
tour) away from the depth plane containing point A, i.e., an
increase in the relative depth orientation of the contour;
increasing separation produces perceived rotation in depth
toward the depth plane containing point A, i.e., adecrease in
the relative depth orientation of the contour.

Comparison of Vectors

Borjesson and von Hofsten™ proposed a subset of basic
vector patterns based on Johansson's conceptions and their pro-
posal has been elaborated in subsequent formulations10-121639),

3 To simplify describing some of the data reported below, small numbers of translation/
rotation responses are combined with simple translation or rotation responses.

4 An asymmetrical size-change pattern is produced by a combination of size-change and
linear motions.
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Although there is an obvious similarity between the eight mo-
tion patterns they described and those proposed here, there are
important differences. In Borjesson and von Hofsten’ s
system, the magnitude and direction of the common motion
components (similar to parallel motions) were selected such
that the sum of the relative residual motion vectorsiszero. The
consequence of the summation constraint is that the compo-
nents are not independent — each specific set of relative
motions defines a specific set of common motion vectors for
however many points are being analyzed. Furthermore, the
definition of relational motion includes not only the motion of
two points relative to each other (collinear vectors), but also
relative motion toward an external point or ling°19),

In contrast, the basic patterns proposed in Figure 1 are
defined exclusively in terms of two independent proximal
properties: separation of the points and orientation of the
connecting axis. Furthermore, separation relates the points to
each other, rather than to a third, possibly unrelated aspect of
the proximal geometry such as an external point or line, and
orientation relates the connecting axis to itself over time. They
also differ because complex patterns consisting of three or
more points can be analyzed in terms of the basic two-point
patterns rather than as sets of motions converging toward a
common point or line. Finaly, specific combinations of the
basic patterns can be associated with unique perceptual outco-
mes such as shrinking® and stretching or bending (see below).

LINKS BETWEEN BASIC PROXIMAL MOTION
PATTERNS AND PERCEPTION

The four motion patterns are the simplest relational units
in the proximal stimulus that produce consistent perceptual
responses. But proximal stimulus structure alone does not
determine unique perceptual responses. There must be activi-
ty of the perceptual system mediating between the structure
in the proximal pattern and the structure in perception. These
perceptual mechanisms are the unity and rigidity constraints,
and a scaling mechanism that governs the perceived motion
in depth while maintaining constancy.

Automatic Perceptual Processes: Structural Constraints

Structural constraints are operating characteristics of the
perceptual system. They represent processes that are initiated
automatically whenever stimulated by one of the four basic
two-point motion patterns. Two types of structural constraints
are proposed: unity and rigidity. The unity constraint is the
mediating perceptua activity that makes two moving pro-
ximal points appear to be connected. The rigidity constraint is
the mediating perceptual activity that makes the apparent
connection between two proximal points appear to be rigid.
Because concepts such as “unity” and “rigidity” have a long
history in the literature on visual perception, a comparison
with al definitionsisbeyond the scope of this paper (for abrief
recent history®). Instead, structural constraints are compared



Perceptual atoms: proximal motion vector-structures and the per ception of object motion in depth 35

with two related systematic concepts — “ decoding principles’
proposed by Johansson®217-2% and “internal constraints’ pro-
posed by Shepard®“®4?. One major distinction should be clear,
however, the constraints proposed here refer to mechanisms
that operate on pairsof proximal points. Therefore, the proposal
is different from analyses that rely on a rigidity assumption
applied to entire configurations or anything more than apair of
poi nts(5:24.43-44)

There is an interesting and important point that must be
emphasized if the rigidity constraint proposed here is to be
properly understood. The fact that nonrigid perceptions oc-
cur should not be taken as evidence that the rigidity cons-
traint has not been operating. Indeed, a major hypothesis of
this paper is that the rigidity constraint is always operative
(by definition of a structural constraint) and that, in certain
situations (due to other factors), the object in perception does
not appear to be rigid. In other words, the end product of a
sequence of processes that includes a rigidity constraint may
not be arigid object in perception. The goal of explanation is
to uncover those aspects of the processing sequence that
determine the nonrigid perception, given the operation of the
constraint. For example, with respect to shrinking, the unusual
aspect of the situation is the linear size-change component of
the three-point motion pattern®®; with respect to stretching, it
is the constant vertical dimension given a linear size-change
pattern in the orthogonal (horizontal) dimension (see Figure
8). The occurrence of these nonrigid perceptual outcomes
should be taken as support for the strong form of the rigidity
constraint in the context of the explanatory framework rather
than as evidence against it.

Shepard“? proposed that, during mental transformation of
its orientation or position in space, the structure of an imagined
object is preserved by “internalized constraints,” the same
constraints that govern the motions and positions of objectsin
perception. He proposed, moreover, that these constraints
match external constraints describing the three-dimensional
motion of distal objects. One obvious difference is that the
structural constraints proposed here describe the relationship
between proximal motion patterns and perceived motions whe-
reas Shepard’ sinternalized constraints describe the motions of
distal objects. The proposed constraints are also clearly
different from Johansson’s decoding principles because struc-
tural constraints apply only to two-point basic patterns
whereas decoding principles have been applied to two or more
proximal points simultaneously. These differences haveimpor-
tant consegquences for the pervasiveness of the constraints.
Like many researcherson mental imagery, apparent motion, and
kinetic depth, Shepard assumed that distal objects were rigid
(“global” rigidity). However, applied to perception, the strong
form of a global rigidity hypothesis is untenable®*¥. Conse-
quently, both Johansson and Shepard limited their conception
of constraints by making them more or less operative so that
certain outcomes were “preferred” but not always manifested.

In contrast, the structural constraints proposed here descri-
be only processes initiated by the four basic two-point motion
patterns. Limited in thisway, the constraints can be made more
pervasive: they are initiated whenever stimulated by one of
the four basic patterns. The constraints apply to larger patterns
only within the context of these patterns as manifested in
pairwise analysis. Thus, by limiting the domain of application,
a strong form of the constraint can be reinstated, and it is not
necessary to invoke “assumptions’ or “heuristics’ applied by
an “executive” to explain unity or rigidity as a visual “prefe-
rence’ or “interpretation” ¢844 This approach has the added
advantage of providing an explanation for nonrigid percep-
tions (e.g., shrinking, stretching, bending, and folding) while
maintaining a strong form of the rigidity constraint in combi-
nation with a depth scaling mechanism.

Another difference is derived from the fact that Shepard’s
constraints are axioms of geometry describing three-dimen-
sional paths of distal object motions whereas structural cons-
traints, like Johansson’s principles, describe proximal-per-
ceptual relationships. Processes that relate proximal structure
to perceptual structure reveal the emergent nature of some
aspects of perception such as contour and depth. By defini-
tion, emergent qualities do not have correlates in the
proximal stimulus, i.e., they are not necessarily coded in the
optic array®20,

The final comparison refers to the primacy of the cons-
traints. Both Johansson and Shepard proposed that perceived
motion in depth was primary and that unity and rigidity were
secondary qualities of perception. The proposal here is that
unity and rigidity are primary because they are the direct
result of automatic perceptual activity, the structural cons-
traints, and that motion in depth is secondary because it is a
conseguence produced by that activity when initiated by a
specific subset of proximal patterns. Thisdifferencein prima-
cy is another advantage provided by the strong form of the
rigidity constraint.

Scaling Mechanism and Perceived Motion in Depth

The structural constraints mediate between structure in
the proximal stimulus (basic patterns) and the structure in
perception. They describe processes that produce a perceived
rigid connection between two points given the changing
relative positions of the points in the proximal stimulus.
When the proximal distance between the points is constant,
the perceived rigidity simply reflects an unchanging compo-
nent of the proximal stimulus. Therefore, no additional chan-
ges are required in the perceptual qualities associated with
the points— they appear to be endpoints of a rigid object
moving in afrontal plane.

However, when the proximal distance between the points
changes, the distance between them can appear to remain
constant only if their perceived motion is carried into a depth
dimension. But the relative amount of motion in depth neces-
sary to maintain rigidity must also be controlled. Thus, there
must be a scaling mechanism that operates to transform the
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changing proximal extent into acontour or surface of constant
perceived size whose position in depth changes appropriate-
ly®2, This contingent relationship between changing retinal
area and changing perceived depth has been embodied in a
proposed kinetic invariance hypothesis: An expanding or
contracting solid visual angle (proximal stimulus structure)
produces a constant perceived size and a changing perceived
distance®. When these relationships are not maintained, for
whatever reason, nonrigid perceptions result—abjects appear
to shrink or stretch, to bend or fold.

The classic relationship relating perceived size to percei-
ved distance is in a static form. Introducing motion into the
analysis of size-distance relationships made it necessary to
separate two aspects of the perception of size—the perceived
rigidity of a contour or surface had to be separated conceptual -
ly from its perceived metric size. That is, in its traditional
usage, size constancy means that an object does not change in
perceived size but, in kinetic situations, the phenomenal expe-
rience is better described as perceived rigidity. Metric size
judgments could then be understood as reflecting the scale
that produces the altered position in three-dimensional space.
Thus, an object may appear rigid, i.e., appear to be unchanging
in size, yet produce different metric size judgments when in
different positions in depth®,

Perceived shape and shape constancy were not included in
the original analysis of the kinetic invariance hypothesis. Ne-
vertheless, it should be clear that the same relationships hold:
shape constancy could be redefined as the perception of rigid
objects rotating in depth and could be separated from a
perceived metric used to index shape. This point is strikingly
illustrated in an experiment by Loomis and Eby“® in which
subjects judged the apparent length of cylinders whose axis of
rotation oscillated in depth. Judged length increased with
range of oscillation, suggesting to Loomis and Eby that there
was afailure of shape constancy. However, the subjects repor-
ted that the cylinders did not appear to be changing in shape,
they appeared rigid. In the context of this analysis, the respon-
ses would be interpreted as judgments of metric size of an
apparently rigid cylinder that was oscillating in depth. A simi-
lar distinction was manifested in studies of the metric structure
of shapes moving in slanted planes®%), Once again, the
metric measurements varied, but subjects reported that the
shapes appeared to be rigid.

COMPLEX TWO-POINT PATTERNS

The basic patterns can be combined to produce complex
two-point motion patterns and, conversely, complex patterns
can be decomposed into the basic patterns. Two motion pat-
terns have been selected to illustrate the analysis. These
patterns are especially informative because, despite their re-
latively simple geometric structure, they represent complex
stimuli for perception.
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Perspective/parallax Patterns

Panel A of Figure 2 shows a perspective/parallax pattern:
The separation between two points decreases, and the axis
connecting the points changes its proximal orientation
throughout the course of the motion. The motion of the
points can be described by a pair of unequal converging
vectors. Experimentally, this pattern produced responses
that were divided between two categories—simultaneous
translation and rotation in depth, and simple rotation in
depth of the connecting rigid object®%2,

Panel B shows the perspective/parallax pattern analyzed
into basic pattern components: a perspective pattern and a
parallax pattern. The perspective pattern accounts for the
component of motion of point B that corresponds to the
motion of point A. This component of the pattern is associa-
ted with the perceived translation in depth. The parallax
pattern accounts for the change in orientation of the axis
connecting points A and B and is associated with perceived
rotation in depth.

Parallel Motion in Opposite Directions

Figure 3 shows two points moving at the same rate along
parallel paths in opposite directions. The separation between
the points changes continuously and the orientation of the
axis connecting the points also changes continuously. In ex-
periments, this motion pattern produced consistent responses
— rotation in depth, or rotation and translation in depth of a
rigid object(©29,

Because the vectors are equal, the instantaneous posi-
tions of the two moving points remain equidistant from a
single stationary point (P). The basic pattern components are
readily apparent from the figure: The pattern is a combina-
tion of two congruent parallax patterns whose points of rota-
tion are at P. It is interesting to note that, because both
patterns rotate about the same point, two perceptions are
possible: the rigid contour connecting A and B could appear
to rotate about point P, or two rigid contours (AP and BP)
could form a V-shaped line that opens and closes in depth

Parallax pattern

Bl

A: Perspective/parallax pattern B: Basic pattern components

Figure 2 - The perspective/parallax pattern (Panel A) and its compo-

nents (Panel B), a perspective pattern and a parallax pattern. The

proximal separation between the points and the proximal orientation

of the axis connecting the points change continuously throughout the
course of the motion
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Figure 3- Two points moving at the same rate in opposite directions over
parallel paths. The proximal separation between the points and the
proximal orientation of the axis connecting the points change continuously
throughout the course of the motion. The pattern is composed of two
congruent parallax patterns with a common point of rotation (P)

(“bookfold” motion). In theformer case, point Pisthe point of
symmetry of the motion pattern and the center of rotation of
the contour connecting A and B. In the latter case, the two
parallax patterns act independently to produce a single per-
ceptual response. The evidence is clear, however. In experi-
ments, the predominant perception described a single rigid
line connecting the points (bookfolding was never reported).
In either case, the direction of the change in separation deter-
mines the direction of the perceived rotation in depth or
perceived opening and closing of the perceived contours.
Decreasing separation results in perceived rotation in depth
that increases the depth angles, and increasing separation
resultsin perceived rotation in depth that decreases the depth
angles.

THREE AND FOUR PROXIMAL POINTS

Three-point proximal motion patterns may appear to be
moving surfaces (objects) defined by edges that connect the
points. The surfaces may appear to be rigid or may appear to
change in some way. In the proposed analysis, three-point
patterns are treated as composites of two-point patterns. They
are analyzed pairwise using the structures described in the
two-point analysis and the associated conceptual framework.
However, an additional factor must be taken into account—
the relationships among the two-point patterns. These rela-
tionships are described by configurational characteristics.
For example, the three two-point patterns in a three-point
motion pattern may converge toward the same point or to-
ward different points; the convergence point(s) may beinside
or outside the area defined by the axes connecting the points
or it may be on one of the axes. These configurational factors
affect the perceptual outcomes, i.e., they play arole in deter-
mining whether the object (surface) appears rigid or changes
in some way. Thus, the strong forms of the unity and rigidity

constraints can be applied to the relationships between pairs
of points (the edges of the surfaces) because the global per-
ceptual changes can be attributes to the configurational
factors.

Combining Perspective Patterns

Perceived rigid surface moving in depth. Figure 4 shows
two three-point patterns that converge toward a point. The
points move from an initial position (A1, B1, Cl) at t, to a
termina position (A2, B2, C2) att,. In Panel A, the convergen-
ce point is within the triangular area specified by the points
and, in Panel B, the convergence point is outside the triangular
area specified by the points. Patterns of three or more points
that converge toward a single point are caled contraction
patterns; those that diverge are called expansion patterns.

The pairwise analyses of the patterns in Figure 4 reveals
three perspective patterns whose points of convergence coin-
cide (point P). In isolation, the perspective patterns appear to
be rigid contours moving in depth toward point P. In combina
tion, the points appear to be arigid unit, asurface (ABC) or an
object moving in depth toward point P. An expanding pattern
is perceived as an approaching rigid surface and a contracting
pattern is perceived as a receding rigid surface(*1425294652:57
Thus, both the unity and the rigidity constraints and a depth
scaling mechanism operate for these three-point patterns to
produce the perception of arigid object moving in depth.

Perceived shrinking in a constant depth plane. Figure 5
shows a three-point motion pattern that converges toward a
point (P) on one side of the triangular area formed by the
points. The points move from an initial position (A1, B1, C1)
at t, to aterminal position (A2, B2, C2) at t,. This pattern is
unique because the motion converges toward a point (P) on
one of the axes connecting the points. The pairwise analysis
of these motions reveals how they differ from the patternsin
Figure 4. Here there are only two perspective patterns (AB
and BC) whose points of convergence coincide. The motion
of the third pair of points is a decreasing linear size-change
pattern (AC) whose point of convergence coincides with
those of the perspective patterns. In isolation, the relative
motions of the perspective patterns (AB & BC) appear to be

A: Convergence point within

B: Convergence point outs de

Figure 4 - Contraction patterns: Three-point motion patterns that
converge toward a point (P) inside (Panel A) or outside (Panel B) the
triangular area formed by the points
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rigid contours moving in depth toward point P. The linear
size-change pattern alone does not produce a unique
perceptual outcome but, in combination, it has a unique
effect on the perception of the three-point configuration.

In experiments, this motion pattern consistently produ-
ced the perception of a two-dimensional figure shrinking in
size in a single depth plane®. Thus, the combination nega-
ted the perceived rigidity of the perspective substructures,
and carried the changing size (shrinking) as a perceived pro-
perty of the entire object (Figure). The perceived motion in
depth associated with the perspective structures was also
negated—the shrinking object appeared to remain in asingle
depth plane. These consequences were independent of the
type of background (blank or texture gradient) and of the
orientation of the figure, i.e., whether the convergence point
was on the top, side, or bottom of the figure. Furthermore, the
motion of the points appeared to be part of a unit (a surface or
object) whose size was changing. This outcome illustrates the
point that an analysis based only on two-point structuresis not
sufficient to predict the perceptual response to three-point
patterns. In this case, the three two-point motion patterns pro-
duced a unique feature in the global pattern — convergence
toward a point on one side — and this feature produced a
unique perceptual outcome—perceived shrinking.

One final consequence of this analysis should be empha-
sized. The proposed depth scaling mechanism describes a
relationship between perceived rigidity and perceived posi-
tion in depth. This contingency has been demonstrated by
comparing responses to patterns similar to Figures 4 and 5.
When the point of convergence was on a side, the predomi-
nant response described a shrinking object whose position in
depth remained fixed in a single depth plane; when the point
of convergence was near the center, the predominant respon-
se described a rigid object moving in depth®. The contin-
gent relationship between perceived rigidity and perceived
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Figure 5 - A three-point motion pattern that converges to a point on one
’ side. This pattern produces the perception of shrinking
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depth-change bears on our understanding of minimum princi-
ple explanations of space perception™®. Under a minimum
principle, the most parsimonious organization of the input
determines the perceptual response. In this view, the center-
convergence pattern appears to move in depth and the side-
convergence pattern appears to shrink because these percep-
tions require change in only one dimension: z-axis for the
former and size for the latter. But this explanation masks the
more important feature of the responses—the absence of
change (constancy) in perception, which, in this case, is ma-
nifested as perceived rigidity (constancy of size and shape)
and position constancy (motion in a single depth plane).
Hershenson's?® experiments demonstrated these relation-
ships explicitly because the dual forced-choice response
exposed the contingent relationship. In the limiting cases,
change in one perceptual attribute was associated with cons-
tancy in the other: changing perceived size (shrinking) with
constancy of depth plane position and changing position in
depth with nonchanging size and shape (constancy or rigidi-
ty). In this sense, arigidity constraint and a minimum princi-
ple are the same when they refer to a single size-position
continuum.

Combining Parallax Patterns

Figure 6 shows three-point motion patterns that combine
parallax and perspective patterns in different ways to produ-
ce different perceptual outcomes. Note that the motions con-
verge toward a single point in Panels B, C, and D.

Perceived rotation in depth around a side. Panel A of
figure 6 shows a three-point pattern consisting of two statio-
nary points (A and C) and one point (B) moving directly to-
ward the axis connecting the stationary points. The pairwise
analysis shows that this pattern is produced by the combina-
tion of two parallax patterns (AB and AC). In isolation, the
parallax patterns appear to rotate in depth around the statio-
nary points A and C, respectively. Responses to this global
pattern described arigid triangle rotating in depth or moving
in the frontal plane®. When rotation in depth was reported,
point B appeared to move in depth away from the depth plane
of side AC, toward or away from the viewer. Thus, AC served
as an axis of perceived rotation for the surface ABC, and
contours AB and BC appeared to rotate in depth around the
stationary points A and C, respectively. When outline trian-
gles were the stimuli, the presence of this unchanging con-
tour (AC) may have anchored the combined perception in a
fixed depth plane, thereby negating the motion-in-depth
components. Although descriptive responses were not recor-
ded, based on the outcome of the experiments on shrinking, it
islikely that the triangle al so appeared to change shape when
the perceived motion was limited to the frontal plane (anec-
dotal observations support this interpretation).

Combining Perspective and Parallax Patterns

Perceived rotation in depth around a fixed vertex. Panel
B of figure 6 shows a three-point pattern consisting of a
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stationary point (A) and two points (B and C) converging
toward a point (P) within the triangular area (ABC). The axis
connecting points B and C remains in the same proximal
orientation throughout the course of the motion. The pair-
wise analysisrevealstwo parallax patterns (AB and AC) and a
perspective pattern (BC). In isolation, the parallax patterns
appear to rotate in depth around the fixed point A, and the
perspective pattern appears to move in depth toward point P.
In combination, the points should appear to be arigid trian-
gular surface (ABC) whose side (BC) rotates in depth away
from the depth plane containing point A, a stationary vertex
of the surface. Outline triangles moving in this way were
primarily described as a rigid surfaces rotating in depth.
Light points were also described as a rigid surface, but the
motion most frequently reported was simultaneous transla-
tion and rotation in depth (Hershenson, 1993). Thus, in this

pattern, the presence of the outlines apparently supported the
more precise perception of the translation motion of BC.
Furthermore, the translation motion of the light point pat-
terns could easily appear to have a rotation component
because only a slight change in the orientation of the connec-
ting axis would be required.

Perceived twisting in depth around a fixed vertex. Panel
C of figure 6 shows a three-point pattern consisting of a
stationary point (A) and two points (B and C) converging
toward a point (P) within the triangular area (ABC). The axis
connecting points B and C undergoes a constant change in
proximal orientation throughout the course of the motion.
The pairwise analysis reveals two parallax patterns (AB and
AC) and a perspective/parallax pattern (BC). Inisolation, the
parallax patterns appear to rotate in depth around the fixed
point A, and the perspective/parallax pattern appears to mo-
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A: Two parallax patterns

B: One perspective and two
parallas patterns

C: Two parallax and one perspective/
parallax patterns

D: Three perspective/
parallax patterns

Figure 6 - Four three-point motion patterns composed of different combinations of two-point patterns. In Panel A, two parallax patterns are combined;
in Panel B, two parallax patterns are combined with a perspective pattern; in Panel C, two parallax patterns are combined with a perspective/
parallax pattern; and in Panel D, three perspective/parallax patterns are combined. Each pattern contains only one point of convergence
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ve in depth with a twisting motion toward P. In combination,
the points should appear to be a rigid triangular surface
(ABC) whose side (BC) moves in depth with a twisting mo-
tion away from the depth plane containing point A, a statio-
nary vertex of the surface. Thus, the entire surface should
appear to twist in depth around A. This pattern has not been
studied experimentally but anecdotal observations corrobo-
rate this outcome.

Perceived translation and rotation in depth. Panel D of
figure 6 shows a pattern consisting of three points conver-
ging at different rates toward a point (P) inside the triangular
area. The axes connecting the points change their orientation
throughout the motion. The pairwise analysis reveals three
perspective/parallax patterns that are not congruent. In isola-
tion, these patterns appear to be rigid contours simultaneous-
ly rotating and translating in depth. The combination should
appear to be arigid triangular surface (ABC) that is simulta-
neously rotating and translating in depth toward point P. In
experiments, this pattern was described as a rigid triangle
simultaneously translating and rotating in depth or simply
translating in depth®2),

Perceived change of shape with motion in depth. Figure 7
shows two three-point patterns that converge to three diffe-
rent points within the triangular area specified by the three
points. Pairwise analysis of the patternin Panel A showsthree
perspective/parallax patterns, a combined proximal stimulus
that produces the perception of arigid surface simultaneous-
ly translating and rotating in depth®. Panel B shows an
impossible combination. The pairwise analysis reveals that
this pattern is composed of two perspective patterns (AB and
AC) and a perspective/parallax pattern (BC). Inisolation, the
perspective patterns (AB and AC) move in translation in
depth and the perspective/parallax pattern (BC) moves in
depth simultaneously in translation and rotation. In combi-
nation, this proximal pattern presents an “impossible” per-
ceptual stimulus: If the two perspective structures produce
perceived translation in depth of two of the contours of a
perceived rigid triangular surface (ABC), the third contour
cannot simultaneously rotate in depth. In other words, the
pattern cannot be organized perceptually as a moving surface
that remains rigid and simultaneously one that moves in the

B: Two pespective and one perspective/
paralax patterns with three
convergence points

A: Three perspective/paralax patterns
with three convergence points

Figure 7 - Combining two-point patterns that have different convergen-

ce points: a combination of three perspective/parallax patterns (Panel

A) and two perspective patterns combined with a perspective/parallax
pattern (Pattern B)
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manner required by the components of the proximal motion
pattern. Thus, the pairwise analysis reveals an aspect of the
motion pattern that is not immediately apparent from analy-
sis of the global configuration. This pattern has not been
studied experimentally, but it should be perceived as a
surface that moves in translation in depth and simultaneous-
ly changes in shape. Anecdotal observation by the author
and many students corroborate this outcome.

Combination and competition. Todd® used displays of
three connected line segments whose endpoints moved along
randomly generated elliptical or hypertrochoidal trajecto-
ries. The stimuli were perceived as three rods moving in
space. However, the connections between the rods could ap-
pear to be rigid or nonrigid, a distinction easily made by
subjects. When the framework of this section is used to analy-
ze the stimuli, the motion of two connected line segments
defines a three-point motion pattern. Therefore, the total pat-
tern produced by the three line segments is a combination of
two interconnected three-point patterns. The perceptual out-
comes can be predicted directly from this combined three-
point analysis.

Borjesson & Ahlstrom®® studied the “grouping power”
(unity) of their four basic three-dot motion structures by
placing them in competition with one another. Their stimuli
contained two three-dot motion patterns that had one dot in
common, i.e., one dot in one pattern moved in exactly the
same way as one dot in the other pattern. The common dots
from the two structures were superimposed in the stimulus so
that the total stimulus consisted of five dots. Subjects repor-
ted which three-dot pattern appeared most stable. The results
show that three-dot structure is an important determiner of
grouping: parallel and circular common motions (parallel
and circular patterns) had the strongest grouping power and
parallel relative motions (parallax pattern) had the weakest
grouping power. Thus patterns that produce perceived mo-
tion in the frontal plane capture a common dot more easily
than those that produce perceived motion in depth. Although
this is important information for understanding the percep-
tual organization of displays with more than three dots, it
does not impact on the understanding of perceived motion
associated with three-point displays per se. Nevertheless, be-
cause motion in the frontal plane predominates when there is
competition between patterns, these data support the sugges-
tion that the perception of depth is secondary.

Four proximal points. Four-point motion patterns may be
analyzed in terms of the two- and three-point patterns descri-
bed in the previous section. Recall that the analysis of those
patterns rested on the two-point analysis, the structural cons-
traints, the scaling mechanism, and configurational considera-
tions that reflect the manner in which two-point patterns com-
bine to produce the three-point patterns. Similarly, the analy-
sis of four-point patterns considers configurational aspects
that reflect the manner in which three-point patterns combine
to produce four-point motions. Jansson and Johansson©®
described rectangular figures as four-point motion patterns by
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treating the corners as moving points and the sides as visible
axes connecting the points. A detailed analysis of their figures
is beyond the scope of this paper. However, the pattern in
which two adjacent corners move towards each other (Figure 8,
left pattern) warrants discussion because it illustrates an addi-
tional consequence of this analysis. In Jansson and Johans-
son’s experiment, this pattern produced responses that descri-
bed a surface that appeared to be stretching or bending.

The analysis of this pattern shows that that the motions of
the corners produce a linear size-change pattern. When this
motion is organized as part of the global rectangular pattern,
the figure appears to stretch as it rotates in depth around the
fixed lower side. To understand this response, recall that a
change in separation between proximal points is associated
with motion in depth, and that the rigidity constraint and
depth scaling mechanism operate to maintain the perceived
rigidity of the object in motion. But the scaling mechanism
operates in response to stimulation over a retinal area, not
linear stimulation alone®. Therefore, for a rectangle rota-
ting around a horizontal axis, there must be a change in at
least two meridians: change in the horizontal meridian called
foreshortening, and change in the vertical meridian (altitude
of the quadrilateral) called compression. In figure 8, the pat-
tern on the right contains both of these changes, and in
normal situations, a proximal motion pattern such as this
(i.e., containing compression and foreshortening) produces
consistent reports of arigid surface rotating in depth about a
horizontal axis.

In contrast, the pattern on the left contains foreshortening
but no compression. The altitude of the rectangle, the separa-
tion between the two horizontal sides, does not change. To
maintain perceived rigidity in the vertica dimension, the
vertical separation must change by an amount appropriate for
the rigidity constraint to operate within the scale provided by
the changes in the horizontal dimension (and vice versa). In
this case the depth-scaling mechanism is activated by the
foreshortening but there is no corresponding change in the
vertical dimension. Consequently, the constant vertical di-
mension must be scaled as a gradually increasing size, a
perceptual quality called stretching. To put it another way,
the pattern on the left is the stimulus for perceived stretching.
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Figure 8 - On the left, the rectangular pattern used by Jansson and
Johansson®: two adjacent corners move toward each other. On the
right, a similar pattern that contains foreshortening and compression

Reports of perceived stretching are frequently taken as
implying that the unity constraint functioned but the rigidity
constraint and depth scaling mechanism did not. It should now
be clear that this is not the interpretation proposed here.
Within this framework, the operation of the rigidity constraint
and depth scaling mechanism is manifested in all aspects of the
perception of the quadrilateral, but it does not necessarily
result in the perception of a rigid surface. When the figure
appears to move in depth, it appears to stretch precisely be-
cause the proximal change in the pattern does not correspond
to the changes in the two meridians required by the depth
scaling mechanism to maintain perceived rigid-body motion
in depth within the scale. Indeed, Hershenson®>%® used
precisely this combination of mechanisms, the rigidity cons-
traint and the depth scaling mechanism, to explain anomalies
of size-distance perception such as micropsia, the moon
illusion, and the spiral aftereffect. In these cases, however, the
illusions occur when proximal size is unchanging while the
perceived depth plane changes due to other factors.

DISCUSSION

A framework was proposed for analyzing the perception
of motion in depth produced by simple proxima motion
patterns of two to four points. The separation between two
proximal points and the orientation of the axis connecting
them may change or remain fixed over the course of amotion
pattern. The combinations of these events yielded four types
of motion patterns: parallel, circular, perspective, and paral-
lax patterns, the simplest relational patterns in the proximal
stimulus. These elementary proximal motion patterns initiate
automatic processing mechanisms, the unity and rigidity
constraints. The unity constraint was defined as activity of
the visual system that treats pairs of points as connected. It is
manifested in reports of subjective contours connecting pairs
of moving points. The rigidity constraint was defined as the
activity of the visual system that treats pairs of points as
rigidly connected. It is manifested in reports of apparently
rigid connections between pairs of points. When the cons-
traints are activated by perspective or parallax patterns, the
rigid contour that appears to connect the points also appears
to move in depth. A depth scaling mechanism governs the
degree to which the objects move in depth in order to main-
tain the perceived rigidity—the size and shape constancy of
the object. When perceptual constancy is defined as the per-
ception of rigidity, it is dissociated from judgments of the
metric size, shape, and distance (position in depth) of objects.

When the analysis was extended to three- and four-point
proximal motion patterns, most of the patterns resulted in the
perception of rigid surfaces moving in space in various but
predictable ways. However, some configurations produced
perceptions that had new kinds of emergent qualities such as
shrinking, stretching, bending, and folding. For example, the
analysis demonstrated how perceived shrinking or enlarging
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could be understood within the explanatory framework (basic
stimulus patterns, constraints, and depth scaling mechanism)
as consequences of a specific configurational property, name-
ly the position of the point of convergence of the motion. A
different kind of configurational analysis showed how proxi-
mal foreshortening and compression arerelated to the percep-
tion of stretching. Thus, the analysis of larger configurations
underscored an important unifying aspect of the proposed
explanation: despite the fact that the rigidity constraint is
always activated, the object that appears to be moving in
depth may not appear to be rigid.

The analysis and supporting evidence also made manifest
the contingent relationship between perceived motion in
depth and a scaling mechanism necessary to maintain percei-
ved rigidity. This relationship explained why some proximal
patterns appeared to be shrinking objects in a fixed depth
plane, some appeared to be rigid (constant-sized) objects
moving in depth, and some appeared to stretch. The patterns
that appeared to shrink moved toward a point on the axis
connecting two of the points. Patterns that appeared to stret-
ch had one side that appeared to be anchored in a single
depth plane and an opposite side that appeared to be moving
in depth. However, the separation between these sides (altitu-
de) did not decrease with increases in the apparent depth of
the receding side (compression). Consequently, the scaling
mechanism produces the perception of an object that stret-
ches as it moves in depth. This kind of analysis has been
carried further in the context of anomal ous size-distance per-
ceptions such as micropsia, the moon illusion, and the spiral
aftereffect®>%¥, In these situations, the object appears to
change position in depth even though the proximal pattern is
unchanging. However, this time, scaling weights are applied
that result in an increase in perceived size with a decrease in
perceived distance and vice versa.

Invoking the concept of automatic constraints has two
distinct advantages over other types of explanations. First, it
is more parsimonious—a single system accounts for the mo-
nocular perception of rigid and nonrigid objects and their
motion in space. It is not necessary to invoke a decision
maker (executive) because the same mechanism operates
regardless of input®. Second, attributing perceived rigidity
to the operation of a constraint permits the separation of
perceived rigidity from perceived metric size—the former is
an outcome of an automatic mechanism whereas the latter is
related to an acquired scale of perceived space®. Thus,
cognitive factors that determine the scale of space affect
perceived metric size but not perceived rigidity.

In conclusion, it may be suggested that the usual formula-
tion of the KDE may have the problem backwards. In the
traditional view, three-dimensional structure is “inferred”
from moving two-dimensional proximal patterns. Conse-
guently, the problem has sometimes been described as one of
inferring “structure-from-motion.” In contrast, the analysis
presented here treated perceived rigidity (structure) as acon-
sequence of a processing constraint representing automatic
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activity of the visual system. If the constraint produces the
perceived structure, what produces the perception of motion
in depth? It must be a consequence of the activity of the
constraints when specific proximal patterns (perspective or
parallax patterns) are present in the proximal stimulus. In this
sequence of events, the KDE may better be described as an
example of “motion-from-structure.”

RESUMO

Um sistemade andlise é proposto paraanalisar a percepcéo de
movimento em profundidade produzido pelos padrdes de
movimento proximais simples de dois a quatro pontos. Este
sistemade andliseinclui estrutura de input, coercées do siste-
ma perceptual, e um mecanismo de escalonamento de profun-
didade. O input consiste em estimulagdo relacional descrita
por duas dimensdes proximais, orientacdo e separacdo, que
podem mudar ou manter-se constantes ao longo do curso de
um padréo de movimento. Combinagdes de mudanca e néo-
mudanca nestas dimensdes gera quatro padrdes bésicos de
estimulacdo proximal: paralela, circular, perspectiva, e para-
laxe. Estes padrfes primarios iniciam mecanismos de proces-
samento automaticos — uma coercao de unidade que trata
pares de pontos como conectados e uma coercéo de rigidez
gue trata a conexdo como rigida. Quando estas coergdes sdo
ativadas pel os padr&es de perspectiva ou de paralaxe, a cone-
X80 rigida entre os pontos também aparenta mover-se em
profundidade. Um mecanismo de escalonamento governa o
grau em que os objetos movem-se em profundidade de modo
amanter arigidez percebida. Embora este sistema de andlise
seja suficiente para explicar as percepgdes produzidas por
padrbes de movimento de trés e quatro pontos namaioria dos
casos, alguns padrdes requerem fatores configuracionais adi-
cionais para complementar o sistema de andlise. No entanto,
as qualidades perceptuais como encolhimento, esticamento,
entortamento e dobramento, emergem a partir da aplicacdo
das mesmas coercdes de processamento e dos fatores de esca-
lonamento de profundidade que produzem a percepcdo de
objetos rigidos movendo-se em profundidade.

Descritores. Percepcdo; Movimento; Rigidez; Vetores; Pro-
fundidade
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