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The role of discontinuities in the
perception of subjective figures

THOMAS F. SHIPLEY and PHILIP J. KELLMAN
Swarthmore College, Swarthmore, Pennsylvania

Recently we proposed a theory of visual interpolation (Kellman & Shipley, in press) that ad-
dresses a variety of unit formation phenomena, including the perception of partly occluded ob-
jects and subjective figures. A basic notion of the theory is that discontinuities in the first deriva-
tive of projected edges are the initiating conditions for interpolation of boundaries that are not
physically specified. In this paper, we report four experiments in which this claim was tested
in the domain of subjective figures. Experiments 1 and 2 demonstrate that discontinuities in the
first derivative of the edges of inducing elements have a clear effect on the frequency of report
and the perceived clarity of simple subjective figures. Similar effects are found when unfamiliar
subjective figures and inducing elements are used (Experiment 3). Experiment 4 rules out the
possibility that the discontinuities in the first derivative merely add to the clarity of subjective
figures. These experiments suggest that first-order discontinuities play a central role in unit for-

mation.

All subjective figure displays from the earliest
(Schumann, 1904) to the most recent share a common at-
tribute. This attribute is not to be found on any list of the
factors that have most often been proposed to explain sub-
jective contours. Such a list would contain at least the fol-
lowing: figural symmetry (van Tuijl & Leeuwenberg,
1982), familiarity (Rock, 1983), collinearity of edges,
brightness differences between adjacent areas (Brigner &
Gallagher, 1974), implicit interposition cues (Coren,
1972; Parks, 1986; see also Day, 1987), figures contain-
ing concave gaps (Kanizsa, 1979), and perceptual set
(Wallach & Slaughter, 1988). Yet, for every one of these
factors, robust subjective figures have been created in
which that factor is absent. (For a review, see Kellman
& Shipley, in press.) This fact has led some to theorize
in terms of multiple determinants of subjective contours
and figures (e.g., Day, 1987; Halpern, 1981).

There is, however, a feature that characterizes every
clear case of subjective figure perception. A general the-
ory of subjective figures, as well as other unit formation
phenomena, may be feasible with this feature as its cen-
tral concept. Recently, we have proposed just such a the-
ory (Kellman & Loukides, 1987; Kellman & Shipley, in
press). The critical feature common to all subjective figure
displays is the presence of discontinuities in the first

This research was supported by NSF Research Grant BNS 85-19851
and a Swarthmore College Faculty Research Grant to P.J.K. Portions
of this research were presented at the 29th Annual Meeting of the Psycho-
nomic Society (1988). We wish to thank Dave Dickter and Corrie Philips
for help in collecting some of the data, and the members of T. F. Shipley’s
thesis committee—Henry Gleitman, Ed Pugh, and Mike Kelly—for their
guidance. Reprint requests should be addressed to Thomas F. Shipley,
Department of Psychology, Swarthmore College, Swarthmore, PA
19081.
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derivative of the bounding contours of the inducing pat-
terns. In other words, all good subjective figure displays
appear to have inducing elements with abrupt changes in
the slope of their outer boundaries. Hereafter, we will
use the symbol D, to refer to such a discontinuity in the
first derivative. In Figure 1, the sharp corners on the black
figures are D;s. D;s in the optical projection invariably
occur in cases of occlusion (see Kellman & Shipley, in
press), as well as when objects with sharp corners are
projected.” The ecological facts suggesting the usefulness
of D;s in object perception, and the additional considera-
tions required in their use, are discussed elsewhere
(Kellman & Loukides, 1987; Kellman & Shipley, in

\\l//
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Figure 1. An example of a subjective figure. Eighteen black rec-
tangles serve as the inducing elements. There is a discontinuity in
the first derivative of the boundary of each rectangle at each of its
four corners.

Copyright 1990 Psychonomic Society, Inc.
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press). In this paper, we will focus on the role of discon-
tinuities in subjective figure perception.

The discontinuity theory holds that D;s in the inducing
elements’ boundaries are necessary for the perception of
subjective figures. Interpolation of contours should not
occur unless D;s are present in the display. A survey of
the literature (e.g., Petry & Meyer, 1987) suggests that
all displays that produce clear subjective figures contain
D;s. Furthermore, both Sambin (1987) and Kennedy
(1978) have observed that rounding off the ends of thin
rectangular inducing elements results in the loss of per-
ceived subjective edges. Rounding off the ends of such
rectangles removes the D,s in the boundaries of the in-
ducing elements. The lack of subjective figure displays
that do not contain D;s in the inducing elements, along
with the observations made by Sambin and Kennedy, sug-
gests that D,s are important for the perception of subjec-
tive figures. However, there has been no explicit or sys-
teratic test of this possibility. In the present experiments,
we tested the necessity of D,s for the perception of sub-
jective figures.

EXPERIMENT 1

Subjective figure displays were constructed containing
clear D;s at the points where subjective edges begin and
end. A second set of displays was constructed, similar
to these in all respects except that the inducing elements
were rounded off where the D,s had been. Specifically,
the areas of the inducing elements, the shape of the poten-
tial subjective figure, and the amount of inducing element
bordering the subjective figure were the same as in the
displays with D;s. Subjects were asked to report the
presence or absence of a subjective figure, and a magni-
tude estimation procedure was used to assess contour
clarity.

Method

Subjects. Twenty-four undergraduates at the University of Penn-
sylvania served as subjects in 30-min individual testing sessions.
Each subject received $2.50 for participating. None of the subjects
had taken a perception class.

Apparatus. All stimuli were designed and presented on a Com-
modore Amiga computer with a Commodore 1080 RGB monitor
that measured 20 X 25 cm. Using the computer’s high resolution
mode, the screen’s resolution was 400 X 640 pixels. All stimuli
were presented to each subject in a random order (except where
noted), with the constraint that for any given subject who received
a particular random order there was another subject who was
presented with the stimuli in the reverse order.

The subjects were positioned 150 cm from the monitor. The only
source of light in the room, other than the monitor, was a screened
100-W bulb positioned above and behind the monitor. This light-
ing arrangement reduced reflections from the monitor.

Stimuli. Four pairs of figures were used. One member of each
pair was a subjective figure display whose inducing elements con-
tained sharp changes in the direction of the contour (D,s present,
DP). The other member of each pair was a display similar to the
DP display, except that sharp changes in the direction of the in-
ducing elements’ contour were removed (D,s absent, DA). The sub-
- jective figures possible in the four pairs were a triangle, a square,
a rounded triangle (the corners of the triangle had been rounded

off), and a circle. The dimensions of the figures used were: trian-
gle, base = 7.7 cm (2.9° visual angle), height = 6.6 cm (2.5° visual
angle); square, base = 7.7 cm (2.9° visual angle); rounded trian-
gle, base = 3.7 cm (1.4° visual angle), height = 3.7 cm (1.4° visual
angle); circle, radius = 4 cm (1.5° visual angle). Examples of two
DA displays are shown on the left in Figures 2 and 3. The cor-
responding DP displays are shown on the right in Figures 2 and
3. Three pairs of displays (triangle, square, and rounded triangle)
were constructed by adding white circles equivalent in size to the
inducing elements used to make the base display.? A base display
is shown in the center of Figure 2. The inducing elements used in
the base displays had the following dimensions: triangle (Figure 2)
and square, radius = 1.92 cm (0.7° visual angle); rounded trian-
gle, radius = 1 cm (0.4° visual angle). The circles were added to
the base display in two different ways to form the stimulus pairs.
For the DA displays, the circles were placed tangent to the contour
of the inducing elements that specified an edge of the subjective
figure, thereby producing a smooth curve in the boundary of the
inducing element. The DP displays were generated by placing the
circles a slight distance from the D, (0.5 cm; 0.2° visual angle).
The addition of identical circles to both DA and DP displays en-
sured equality of size of the inducing elements in the DA/DP pairs
in Figure 2. For the DA and DP pair in the circle display (Figure 3),
the approximate size of the inducing elements was not the same
for both DP and DA displays (the inducing elements in the DA dis-
play were larger). The DA display shown in Figure 3 was formed
by placing 12 circles (radius = 1 cm; 0.4° visual angle) at equal
intervals around a circle of radius 4 cm. The DP display (right side
of Figure 3) was formed by removing parts of each of the circles
in the DA display, resulting in the presence of D,s in each of the
inducing elements.

The subjective figure displays were all presented on the left side
of the monitor. On the right side, a solid blue figure was presented.

Figure 2. Display types in Experiment 1. The central display is
the hase subjective triangle display. The D,s in the base display were

removed by adding circles tangent to the edges of the subjective tri- -

angle. The discontinuity-absent display is on the left. Circles were
also added to the base display to generate the discontinuity-present
display, shown on the right, but the additional circles were not tan-
gent to the subjective triangle.

e &
®e® 4 \%

Figure 3. Circle displays used in Experiment 1. Twelve circles
equidistant from one point form the discontinuity-absent display
(left); parts of each circle are removed to form the discontinuity-
present display (right).
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