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Local versus global minima in
visual pattern completion

FRANS BOSELIE
University of Nijmegen, Nijmegen, The Netherlands

The phenomenon of visual completion poses two questions: (1) When will a figure be seen as
being in front of another, as opposed to being one of several nonoverlapping figures in the same
plane? And (2) exactly what will be seen behind the occluding figure? Buffart, Leeuwenberg, and
Restle (1981,1983) recently argued that both questions could be answered by coding theory. Cod
ing theory assumes that a global minimum principle is operative in perception, and that percep
tion will result in an interpretation that can be represented by a code with a minimal informa
tion load. Contrary to this view, it is claimed here that only those completion and mosaic
interpretations that exploit the local advantage of continuity of sides at points of intersection
or at the common contour will be perceptually salient. When both a locally simple completion
interpretation and a locally simple mosaic interpretation can be made, preference will be stronger
for the type of interpretation that is globally more simple. To refute Buffart et al.'s claim and
to test the hypotheses formulated above, an experiment was performed in which patterns simi
lar to those used by Buffart et al. were presented to subjects, who traced the contours of the figures
they saw. Only a very small proportion of the responses given by the subjects were as predicted
by coding theory. The data, on the other hand, supported the idea that a global minimum princi
ple operates within the constraints of locally minimal descriptions.

mation load. Because his coding system has been pre
sented in detail in several recent publications (Boselie &
Leeuwenberg, 1985; Buffart et al., 1981; Leeuwenberg
& Buffart, 1984), it will be outlined here only briefly.

In Leeuwenberg's system, an interpretation of a visual
pattern is represented by a series of symbols, or a primi
tive code. In the case of a two-dimensional line pattern,
a primitive code is made by tracing the contours of the
pattern and successively noting the lengths of line elements
(k, 1, m, ...) and the angles between them (a, b, c, ...).
If a primitive code shows redundancy, it can be rewrit
ten in a simpler form by means of the syntactic coding
rules of the system. Table 1 presents examples of five cod
ing rules.

These coding rules correspond to regularities such as
repetition, mirror symmetry, rotation symmetry, and al
ternation. Ifpossible, the simplified code can be reduced
further in this way. When the code cannot be further
reduced, the result is called a final code. The number of
rules employed, together with the remaining irreducible
elements in a code, is conceived of as a measure of the
information load (/), or complexity, of a code. Final codes

Note-l = information load.

When looking around, we see all kinds of things that
are partly occluded by other objects in front of them. Very
often we have a definite impression of what exactly is hid
den behind the objects seen in front. This phenomenon
has been given several names: interposition (Chapanis &
McCleary, 1953), phenomenal overlapping (Dinnerstein
& Wertheimer, 1957), amodal completion (Kanizsa,
1975), occlusion (Gibson, 1979), and figural completion
(Buffart, Leeuwenberg, & Restle, 1981, 1983). Two ques
tions raised by this phenomenon are: (1) When will one
figure in front of another be seen, as opposed to two
nonoverlapping figures in the same plane? (2) What will
be seen behind the occluding object? Buffart et al. (1981)
recently proposed a solution, arguing that both questions
could be answered by Leeuwenberg's coding theory
(Leeuwenberg, 1969, 1971; Restle, 1982).

Coding Theory of Visual Completion
Coding theory assumes that a global nurumum

principle-that is, a minimum principle that applies to a
pattern as a whole-is operative in perception, and that
perception of a pattern will result in an interpretation that
can be represented by a code with minimal information
load. Leeuwenberg's coding system (1969, 1971) provides
a method of describing interpretations of visual patterns
in such a way that they can be ordered in terms of infor-
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Coding Rule

Iteration
Symmetry
Symmetry
Distribution
Continuation

Table 1
Examples of Coding Rules

Primitive Code Reduced Code

a a 2*(a)
a b b a SYM[a b]
abc b a SYMM[a b.(c)]
a b a c <a> <b c>
a a ..• 00 @*(a)

I

2
3·

4
3
I
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Figure lA can be interpreted as three triangles (illus
trated by Figure IB). The primitive code of this interpre
tation is

which is a final code.
On the basis of the 1values of these final codes, coding

theory predicts that Figure lA will be preferentially in
terpreted as three triangles.

which is a final code.
Another interpretation of Figure lA (illustrated by

Figure IC) is that of a surface shaped by a zigzag plus
one straight line. The primitive code of this interpreta
tion is:

A
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Figure 1. A pattern (A) with two possible interpretations (B and
C). Coding starts at the small circle and proceeds in the direction
indicated by the arrow. Coding theory predicts that interpretation B
will be the perceptually preferred one.

can be ordered according to I. A final code with the lowest
structural information load is called a minimum code. The
perception of a pattern will result in an interpretation that
can be represented by a minimum code. Coding theory
thus replaces the plethora of Gestalt principles with a sin
gle assumption: that the information load of what is actu
ally perceived is lower than the information load of what
could have been perceived. This is the formulation of the
old law of Priignanz (Koffka, 1935), also known as the
minimum principle (Hochberg & McAlister, 1953) within
coding theory.

As a case in point, Figure I illustrates the coding of
two interpretations of a simple pattern. The codes are sim
plified. The code elements that contribute to 1 are indi
cated by dots.

~~~~~~~~~~~~~~~~~~~~~,
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which, by continuation, equals

r(@*(~~) ~),

~~~~~~~~~~~~~!,

which, by iteration, equals

~*(~~~~) ~!,

which, by distribution, equals

~*( <~> < ~ ~» ~ l-

(/=21)

(1=8)

(/=4)

(1= 14)

(1=7)

(1=6)

A 8

++

~I

oo
+

000

.i->: I -------

DOO
+ + +

LLJCJD
I : 6 1:5 I: 4 I : 7 I : 9 1:8

Figure 2. Two patterns (A and B), each with three possible interpretations: a mosaic interpretation and two different completion
interpretations. The information load, I, of the minimum code, by which the interpretation can be represented, is given for each
interpretation. Coding theory predicts that the interpretation with the lowest I value will be perceptually preferred.



During the past 10 years, Leeuwenberg and his co
workers have reported on a number of experiments that
tested predictions based on the global minimum princi
ple. The experiments related to the judged complexity of
patterns (Leeuwenberg, 1969, 1971), subjective contours
(Van Tuijl & Leeuwenberg, 1979, 1982), the perception
of motion (Restle, 1979), embeddedness (Van Tuijl,
1980), the effect of context on the perception ofform (Col
lard & Leeuwenberg, 1981), assimilation and contrast
(Leeuwenberg, 1982), the perception of foreground and
background (Boselie & Leeuwenberg, 1986; Leeuwen
berg & Buffart, 1984), and the perceptual attractivity of
patterns (Boselie & Leeuwenberg, 1985). On the whole,
the results of these experiments fit in with the ordering
of interpretations according to perceptual simplicity, as
inferred from the system of coding rules. They also lend
support to the view that the perceptual preference for cer
tain interpretations is based on a global minimum
principle.

Returning to the two questions raised by the phenome
non of perceptual completion, the answers provided by
coding theory are clear-cut. First, if a subject is shown
a pattern that can be interpreted either as a mosaic or as
one figure occluding another one, he or she will See the
interpretation that, when coded, yields the lowest infor
mation load. Second, if a figure is perceptually completed
behind an occluding one, the subject will see the comple
tion that yields the lowest information load for the pat
tern as a whole (see Figure 2 for an illustration). When
two different interpretations of a pattern, as represented
by final codes, have the same minimal information load,
coding theory predicts that the pattern will be perceptu
ally ambiguous and that responses will be distributed over
the equivalent interpretations. According to Buffart et al.
(1981), such a prediction of ambiguity provides a strong
test of coding theory.

To test their predictions, Buffart et al. (1981) designed
25 patterns (see Figure 3), each of which consisted of a
square and one or more additional two-dimensional
figures. In two experiments, the subjects (N=30 and
N=74, respectively) were asked to look at each pattern
carefully and to trace the contour of the figure or figures
that, in their perception of the pattern, accompanied the
square. Each of the 25 patterns had two or more possible
interpretations: the mosaic interpretation and one or more
examples of completion of a figure behind an occluding
one. Buffart et al. prepared minimum codes for the mosiac
interpretations and for the different completion interpre
tations. Of the 25 patterns, 14 had completions with a
lower information load than the mosaic interpretation, 9
had equal information loads (the authors erroneously give
the numbers 16 and 7, respectively), and the other 2 had
mosaic interpretations with minimal information loads.
The results of the experiments were as follows. When
completions had lower information loads than mosaics,
96 % of the subjects produced completions; when the in
formation loads were equal, 45% of the subjects produced
completions; and when mosaics had lower information
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Figure 3. Patterns used by Buffart et al, (1981).

loads than completions, only 10%of the subjectsproduced
completions. Buffart et al. claimed complete success for
their combination of a coding system with the global mini
mum principle in predicting perceptual pattern comple
tion, a task at which other theories had failed.

Criticisms of a Global Minimum Principle
Hatfield and Epstein (1985) drew attention to an im

portant aspect of all investigations in which a minimum
principle is put to an empirical test. They rightly observed
that a straightforward test of a minimum principle is not
possible because, in order to test the minimum principle,
one first of all has to know exactly what resources the
perceptual system can bring to bear to represent the struc
ture of a pattern. Only then would one be in a position
to test whether the system actually did prefer the simplest
possible interpretation of a pattern.

Practically, the situation is as follows. Coding theorists
make a great number of assumptions as to the competence
of the perceptual system to represent the structure of pat
terns. They also assume that the perceptual process will
always result in the simplest possible interpretation for
a pattern as a whole. This situation thus necessarily im
plies that investigators are actually testing the psycho
physical adequacy of their own sets of coding rules and
measures of simplicity. Hatfield and Epstein (1985) ar
gued that this is not an uncommon situation in the logic
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of experimentation, which is by no means fatal, provided
that the postulated set of coding rules displays long-run
empirical fruitfulness. As the published evidence bears
out, many phenomena of perceptual organization can in
deed be described by Leeuwenberg's (1969, 1971) cod
ing sytsem, and the system will be improved and aug
mented, if necessary, with each increment of experimental
knowledge.

Apart from the fact that a straightforwardtest of a global
minimum principle is not possible, some students of per
ception do not believe that a global minimum principle
is operative in perception at all. Rock (1983, chap. 6) ex
plored the basis of a preference for one interpretation over
another. His answer was that the perceptual system sought
interpretations that explained seeming coincidences and
regularities that were otherwise implicit in the non
preferred interpretations. He gave a great number of ex
amples in support of this coincidence principle, and then
concluded: "As to the simplicity doctrine, I am inclined
to rule it out on the basis of the evidence considered in
this chapter" (p. 164). However, Boselie and Leeuwen
berg (1986) showed that not even one of Rock's exam
ples refutes the global minimum principle if Leeuwen
berg's coding system is used to quantify the complexity
of interpretations. I will give one example.

There is a clear preference to perceive Figure 4A as
one figure in front of and partially occluding another
figure. When the completion effect occurs, the percept
is simpler than when the figure is seen as a mosaic of two
figures in one plane. So the preference can be explained
by the operation of a minimum principle. But Rock (1983)
argued that Figure 4A was a special case. He presented
Figure 4B as an example of the more general case, in
which the two regions are irregular shapes. When the
completion effect occurred in this type of pattern, the
resulting percept was, in his opinion, not simpler than
when it was seen as coplanar. So a minimum principle
could not explain the preferred perceptual outcome. But
the completion interpretation did account for the coin
cidental feature of the pattern-that is, the meshing of part
of the boundaries of both regions along the common con
tour. Rock therefore concluded that Figure 4B supported
the coincidence principle.

To refute Rock's (1983) claim, I determined the mini
mum codes to represent three interpretationsof Figure 4B:
(1) the mosaic interpretation (region a next to region b;
Figure 4C); (2) one interposition interpretation (region a
in front of region b; Figure 4D); and (3) the other inter
position interpretation (region b in front of region a;
Figure 4E). The contours of regions a and b can be

A B F
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Figure 4. A: This pattern is preferentially perceived as two regular shapes. B: The more general case, in which the two regions
are irregular (from Rock, 1983). C: The coding of the mosaic interpretation of B (region a next to region b). D: The coding of a com
pletion interpretation of B (region a in front of region b). E: The coding of the other completion interpretation of B (region b in front
of region a). F: A pattern that results in a less robust completion effect.



divided into three parts: the parts of the contours that
regions a and b have in common (symbolized by y), the
parts of the contours that belong exclusively to region a
or b (symbolized by x and z, respectively), and the an
gles by which these parts are connected (hI through h4).
As shown in these figures, the information load of a com
pletion interpretation of irregular patterns, such as that
in Figure 4B, is smaller than the information load of the
mosaic interpretation. This is because the contour of the
occluded figure in a completion interpretation can be com
pleted in a simple, regular way (see Boselie & Leeuwen
berg, 1986, for details). An exception occurs for those
patterns for which Iy = O. In those cases, in which the
common contour is a simple straight line (see Figure 4F
for an example), all interpretations carry the same amount
of information. Coding theory therefore predicts that the
completion effect in a pattern such as that shown in
Figure 4F will be weak. However, because the informa
tion load of the common contour is greater than zero,
Figure 4B will preferentially be interpreted as being one
figure in front of and partially occluding another (when
region a is symmetrical and region b is not, region a will
be seen in front of region b). These predictions are in
keeping with the phenomenal impression these patterns
make. On the other hand, Figure 4F poses a problem for
the coincidence principle because, in this pattern, too, con
tours of the regions coincide. In summary, I conclude that

A
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Figure 4B, contrary to Rock's claim, does not give evi
dence against a global minimum principle.

Other patterns that provide phenomenological evidence
against a global minimum principle have been presented
by Kanizsa (1975, 1985, 1986). Figure 5 gives an exam
ple. The central part of Figure 5A is easily seen as an
irregular polygon that is partially covered by two squares,
whereas, in principle, it can be interpreted as a regular
octagon. The perceptual preference for an irregular poly
gon over a regular one seems to be at odds with a global
minimum principle. However, when one makes minimal
codes of these two interpretations, one finds that the codes
have the same amount of structural information. Although
it may seem surprising that the code representing the in
terpretation that contains the irregular polygon has the
same information load as the code representing the regu
lar octagon, it is a direct consequence of the global mini
mum principle as applied by Buffart et al. (1981). In their
coding system, every length and angle of a pattern is
described in the context of all other lengths and angles,
irrespective of whether they form part of one contour or
belong to the contours of different surfaces. The simplic
ity of the code that represents the octagon is based on the
regularity of the octagon. The code that represents the
irregular polygon is simple because the 90° angles of the
polygon are described as identical to the angles of the oc
cluding squares, and because the length of the occluding
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Figure 5. A: A line drawing ofa pattern presented by Kanizsa (1985). Band C: Two interpretations of A. B' and C':. Tbe mini
mum codes, made according to Buffart et aI.'s (1981)coding procedure, which represent interpretations Band C. Both mterpreta
tions can be represented by codes with the same amount of information (l = 7). The codes are written in the notational form
used in the most recent publications by Leeuwenberg (Boselie & Leeuwenberg, 1985, 1986; Leeuwenberg & Boffart, 1984).
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A B c

1=4 1=6 I =6 1=8 I =7 1=8

Figure 6. Three patterns, each with two possible interpretations. A looks like three triangles; B, like three stars; and C, like
a cross next to a square. All these interpretations are incompatible with the rule of good continuation.

Figure 7. A pattern (A) with two completion interpretations (B
and C) and two mosaic interpretations (D and E). Interpretations
Band D both exploit the advantage of good continuation, whereas
C and E do not.

of their own set of coding rules. The aim of the research
reported here is to do just that. Numerous counterexam
ples to their coding theory will be provided. Most coun
terexamples will exploit the strong tendency to continue
directions perceptually. However, I do not intend to
present a definitive alternativetheory in which "good con
tinuation" is the core explanatory principle. My main aim
is to undermine Buffart et al.'s claim that they solved the
problems posed by the perceptual organization of visual
overlap.

E

B

D

A

c

contours of the square are identical to the lengths of the
occluded parts of the irregular polygon. Leeuwenberg's
(1969, 1971) coding language exploits these regularities
when making a minimal code of an interpretation in a
clever way. In other words, according to coding theory,
Figure 5A is perceptually ambiguous, and the theory
therefore does not prohibit one from seeing an irregular
polygon in Figure 5A.

Like Rock (1983), Kanizsa (1985) stressed the role of
good continuation in perceptual organization. He believed
that a minimum principle applied only to local regions
of a pattern, and that perceptual organization would not
be influenced in a decisive way by the demands of regular
ity made by a pattern as a whole. However, good con
tinuation as a general rule of perceptual organization is
disproved by many examples, some of which are given
in Figure 6. Figure 6A looks like three triangles and
Figure 6B looks like three stars. Figure 6C does not con
tain a continuation behind the square, but is easily seen
as a cross and a square. All these interpretations are in
compatible with good continuation as a general principle
of perceptual organization. They are, however, fully in
keeping with a global minimum principle as specified by
Leeuwenberg's (1969, 1971) coding theory, as demon
strated by the information loads of the corresponding
codes (see Figure 6).

In summary, my conclusion is that the attacks on the
global minimum principle have not been effective because
they have not been based on a well-defined metric of sim
plicity of interpretations. A refutation of Buffart et al. 's
(1981) claim that a global minimum principle is opera
tive in perception can be based only on the application



Local Minima Constrain Global Ones
The Gestalt principle of good continuation claims that

contours are perceived as continuing smoothly along their
original course. The principle, in fact, is the formulation
of a locally operating minimum principle: A contour
whose direction remains constant can be described more
simply than one whose direction changes or one that ter
minates and is replaced by another contour. Note that the
minimum principle is applied here strictly locally, with
no regard for the consequences at more global levels.
However, as already stated above, it has been repeatedly
demonstrated that the principle of good continuation is
not a general principle of perceptual organization: over
all figural goodness is also an important factor in percep
tual organization. Figure 6 gives some examples of forms
in which good continuation on a local level is overridden
by a more globally operating minimum principle.

A
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Let us focus now on the role of good continuation in
the perception of the kind of display studied by Buffart
et al. (1981). Given such a pattern, two types of interpre
tations seem to be perceptually salient: a given display
is seen either as a conglomerate of several surfaces in
different planes, with some surfaces being partially oc
cluded by other ones (an instance of completion), or as
a conglomerate of several adjoining shapes in one plane
(a mosaic). It seems to me that the main problem in the
perception of this kind of display is the assigningof a satis
factory interpretation to the central region: the points of
intersection and the common contour. My guess is that
only those completion and mosaic interpretations that ex
ploit the local advantage ofcontinuity ofsides in this cen
tral region ofa pattern will be perceptually salient. When
both a locally simple completion interpretation and a lo
cally simple mosaic interpretation can be made, theprefer-
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Figure 8. A pattern (A) with two completion interpretations (B and C). Both interpretations are much simpler than the mosaic
interpretation. Interpretation B combines this high degree of global simplicity with good continuation, whereas interpretation C
does not. A will be preferentially interpreted as illustrated by B, and not as shown by C. B' and C' are the minimum codes, made
according to Buffart et al.'s (1981) coding procedure, which represent interpretations Band C.
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introduction of new angles somewhere along the invented
contours? Or will things be kept locally as simple as pos
sible; that is, will the sides behind the occluding figure
be continued until they butt against each other, without
introducing new angles somewhere on the way? See
Figure 8 for an example of this kind of situation.

My guess is that if an interpretation combines a high
degree of global simplicity with the local advantage of
good continuation, this combination will be preferred per
ceptually over other interpretations that are globally even
simpler but lack good continuation. However, if a high
degree of global simplicity is incompatible with the local
advantage of good continuation, perceptual ambiguitywill
result. These conjectures are specified more fully in the
Predictions section.

Figure 9. A and B: Contours that are continued inward butt
against other lines, starting from other concave angles. A' and
B': Codes of parts of the Patterns A and B, made in accordance
with the hypotheses tested here. C and D: Examples of patterns in
which the continued contours of concave angles do not meet other
virtual lines emanating from concave angles, but do split up sides
of the figure in question. According to the hypothesis tested here,
Patterns C and D will not be interpreted as mosaics.

ence will be stronger for the interpretation that is globally
more simple. In that way, both local and global factors
will put their mark on the perceptual organization of these
displays. The gist of this idea will be made more clear
by an analysis of the patterns of Figure 7.

Figures 7B and 7C demonstrate completion interpreta
tions of Figure 7A. Interpretation 7B exploits the advan
tage of good continuation: the sides of the partly occluded
surface, S, continue perceptually without any information
behind the occluding surface. In interpretation 7C, the lo
cal advantage that a completion interpretation may have
is not exploited. Therefore, according to the hypothesis
formulated above, interpretation 7C will not be percep
tually preferred. Figures 7D and 7E each illustrate a
mosaic interpretation of Figure 7A-a cross next to a
square. Interpretation 7D exploits the advantage of good
continuation in describing the common contour: the sides
of the concave angle, a, are perceived as continuing in
ward. By doing so, the concave angle is removed from
the description and the cross is perceptually divided into
parts at concave angles. There are good reasons to be
lieve that people do in fact organize shapes perceptually
by decomposing them into parts at concave cusps (Hoff
man & Richards, 1984; Koenderink & van Doom, 1982).
Although Buffart et al. (1981) did not present interpreta
tions in which figures were represented by a number of
smaller figures, there is nothing in coding theory itself
that runs counter to it (Boselie & Leeuwenberg, 1985).
In interpretation 7E, the sides of the cross that give shape
to the common border are not continued perceptually.
Therefore, according to the hypothesis, this interpreta
tion will not be perceptually salient. In sum, interpreta
tions 7C and 7E will not be perceptually attractive.

With respect to interpretations 7B and 7D, which both
exploit good continuation, preference will be stronger for
the interpretation that provides the globally simplest shape.
In other words, preference will be strongest for the in
terpretation in which good continuation results in the sim
plest shape of the figure accompanying the square. The
information of the partly occluded shape of Figure 7B
amounts to /=6. The information of the nonoccluded
cross, partitioned as illustrated in Figure 7D, amounts to
/=5. According to the hypothesis, Figure 7A thus will
be preferentially interpreted as a mosaic and not as an in
stance of occlusion. To summarize, I conjecture that with
this kind of display, a global minimum principle oper
ates only within the constraints of locally minimal
descriptions.

The hypothesis formulated above states that in comple
tion interpretations, as well as in mosaic interpretations
based on partitioning, shapes are "invented" that show
good continuation either at points of intersection or at the
common contour. The hypothesis, however, does not
specify how the contour of such invented shapes is closed
beyond the points of intersection or the common contour.
With respect to completion interpretations, will comple
tion beyond the points of intersection result in a figure
that is globally the simplest one, which may require the
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Figure 10. The 27 patterns used in the experiment reported here Oeftcolumn), together with an illustration of the perceptually preferred
interpretations (A, B, C, .••). Interpretations predicted by Buffart et aI. (1981) are indicated by an asterisk(.); those predicted by the
hypotheses tested here are indicated by a black dot (e). The codes of the different interpretations, made according to the coding procedure
as used by Buffart et al., are available from the author on request. Figures 5, 8, and 9 present examples of coding analyses. Below each
interpretation is given the proportion of subjects who actually preferred the interpretation. If the proportions do not add up to 1.0, it
is because of the occurrence of other, idiosyncratic responses, which are not shown here. For all patterns, the number of subjects is
60, except for patterns 7-10,14-17, and 14'-17', which were presented to 20 subjects.
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As regards mosaic interpretations based on partition
ing, sides that continue inward must end before they split
up another side or an angle of a pattern because, in that
case, information would increase locally. Ofcourse, this
would not be attractive. Therefore, there will be a prefer
ence to close the contour of an invented surface by con
tinuing the sides of a concave angle until they butt against
other sides that are continued inward themselves. This line
of thought implies that continuation of the sides of a con
cave angle of the central contour of meshing figures will
be attractive only when these sides meet other sides which
themselves result from the continuation of sides of another
concave angle. Figure 9 gives some examples of parti
tioning. These considerations on the nature of preferred
completion and mosaic interpretations can be specified
into a number of predictions, which are presented in the
next section.

Predictions
When a completion interpretation does not describe the

sides of an occluded surface as continuing behind an oc
cluding one, it will not be preferred perceptually. Note
that this prediction does not imply, as the local-cue ap
proach does, that a T-intersection entails a completion in
terpretation. Three cases can be distinguished here.

1. When a pattern makes it impossible to continue any
one side of a surface, a, behind another one, the percep
tually preferred outcome will not be an occlusion of a.
This prediction was tested with Patterns 1, 2, and 3 of
the experimental set (see Figure 10). For all three pat
terns, Buffart et al.'s (1981) coding theory of completion
predicts that completion interpretations will be preferred.

2. A completion interpretation can be represented by
a code in which a side of an occluded surface that partly
disappears behind an occluding figure is described by
means of two lengths that end and start, respectively, at
the point where the two surfaces meet in the drawing. This
is exactly what Buffart et al. (1981) did when they made
codes of completion interpretations. In some cases, the
predictions based on these codes differ from those based
on codes in which such a side is described as one con
tinuing length. In those cases, Buffart et al. 's predictions,
which were based on the interruption of sides at intersec
tion points, will prove to have been wrong. In the present
study, this prediction was tested with Patterns 4,5, and
6 of the experimental set.

3. A completion interpretation that contains an angle
at the point of intersection of the occluding and occluded
surfaces will not be preferred perceptually. In the present
study, this prediction was tested with Patterns 7, 8, 9,
and 10. Buffart et al. (1981) predicted that, for these pat
terns, completion interpretations with angles at the points
of intersection would be preferred, except for Pattern 9,
for which they predicted perceptual ambiguity.

A special class of patterns is formed by drawings
without T-intersections. The sides of their figures are in

a direct line with each other in both mosaic and comple
tion interpretations. In these cases, the local advantage
of continuity of direction can be obtained by a mosaic in
terpretation without the disadvantages of depth informa
tion and occluded contours, which are inherent to a com
pletion interpretation.

4. I conjecture that in the cases of the patterns described
above, a mosaic interpretation made up either of two sur
faces or of one surface with a line in it will be preferred
perceptually over a completion interpretation. In the
present study, this prediction was tested with Patterns 11,
12, and 13. For Patterns 11 and 12, Buffart et al. (1981)
predicted equal preferences for mosaic and completion
interpretations; for Pattern 13, they predicted a prefer
ence for a completion interpretation.

The four predictions formulated above relate to the
description of the contour of an occluded surface at points
of intersection with an occluding surface. The next predic
tion relates to the wayan occluded figure is completed
after points of intersection have been crossed.

5. With respect to the question of how the contour of
an occluded surface is closed beyond the points of inter
section, I have already made a distinction between two
situations: When an interpretation combines a high degree
of global simplicity with the local advantage of good con
tinuation, it will be preferred over other interpretations
that are globally even simpler but lack good continuation.
However, when a high degree of global simplicity is in
compatible with the local advantage of good continuation,
perceptual ambiguity will result. Of all economical ways
to describe a pattern, mirror symmetry, especially along
a vertical axis, produces a high degree of global simplic
ity and is by far the perceptually most salient one (Barlow
& Reeves, 1979; Perkins, 1976). There will always be
a strong tendency toward a completion that preserves the
symmetry along the vertical axis, if already present, or
that closes the partly occluded object in a symmetrical
way. My guess, therefore, is that a completion interpre
tation that combines vertical symmetry with good con
tinuation will be perceptually most salient. This predic
tion was tested by Patterns 4,5,6, 14, 15, 16, and 17.
In each of these patterns, the occluded surface can be com
pleted in at least two ways, both of which contain the same
axis of symmetry. In one of the completions, the sides
of the partly occluded object that disappear behind the oc
cluding surface are continued until they meet each other.
This solution is locally simple. In the other occlusion in
terpretation, the occluded object is completed by the in
troduction of new angles and sides that deviate from the
directions of the sides that are actually drawn. Thus, regu
lar surfaces are formed in Patterns 14-17: a pentagon (pat
tern 14), a hexagon (Pattern 15), an octagon (Pattern 16),
and a star (Pattern 17). All these surfaces have several
axes of symmetry, in contrast to the shapes formed by
the continuation of sides, which have one axis of sym
metry only. The regular polygons lack the local simplic-



ity of good continuation of sides. When the patterns are
oriented in such a way that the axis of symmetry com
mon to both interpretations is vertical (Patterns 14-17),
both interpretations display the global simplicity of ver
tical symmetry, but only the first has the additional ad
vantage of being locally simple as well. These interpre
tations will be the perceptually preferred ones.

When the orientation of the patterns is changed in such
a way that the regular polygons do have a vertical axis
of symmetry and the less regular shapes of the locally sim
ple interpretations do not (the I version), there will be a
rivalry between the global simplicity of the regular solu
tions and the local attractivity of the less regular ones.
In these cases, either interpretation could be preferred.
The predictions made by Buffart et al. (1981), however,
are independent of the orientation of patterns. According
to the coding theory of visual completion, both types of
completion interpretations are equally attractive in the case
of Patterns 14 and 15; for Pattern 16, the prediction is
that the completion with local simplicity will be preferred;
for Pattern 17, the completion that lacks local simplicity
will be the perceptually preferred one.

6. If there is an angle somewhere along a common con
tour, and if the sides of the concave angle, when continued
inward, do not meet a side emanating from another con
cave angle, then a mosaic interpretation will not be
preferred over a completion interpretation, although
globally it would be more simple than a completion. This
prediction was tested with Patterns 18, 19, 20, and 21.
Coding theory predicts here that subjects will prefer a
mosaic interpretation for Patterns 18 and 19, whereas Pat
terns 20 and 21 will be perceptually ambiguous.

7. Ifa mosaic interpretation can be made that is locally
simple-that is, when the sides of the common contour
are continued inward and meet other sides which them
selves result from the continuation of sides of other con
cave angles-this interpretation, nevertheless, will not be
preferred over a completion interpretation when it lacks
global simplicity. This prediction was tested with Patterns
22,23, and 24. Coding theory predicts that subjects will
prefer a mosaic interpretation for Patterns 22 and 23,
whereas Pattern 24 will be perceptually ambiguous.

8. If a mosaic interpretation can be made that is both
globally and locally simple, then it will be preferred over
completion interpretations. This prediction was tested with
Patterns 25, 26, and 27. Coding theory also predicts
mosaic interpretations for these patterns.

These predictions were tested in the experiment reported
below.

METHOD

Subjects
Sixty students of educational psychology participated in the ex

periment.

Materials
The 31 patterns shown in Figure 10 were used in the experiment.

Of the 31 patterns, three subsets (Patterns 7-10, 14-17, and 14'-17')

VISUAL PATTERN COMPLETION 441

are very similar to each other. To prevent the choice of an interpre
tation for a pattern from being affected by the way another very
similar pattern had already been interpreted, each subject was
presented with only one of these subsets. Each subject thus saw
23 patterns. The three subsets mentioned above were presented to
three different groups of 20 subjects; the other 19 patterns were
presented to all subjects (N=60).

Procedure
Essentially, the same procedure as that used by Buffart et al.

(1981) was followed. The subjects were run individually. In the
instructions, three of the patterns of the set used by Buffart et al.
(their Displays 1,5, and 15) were shown. The subjects were told
that every drawing represented two or more surfaces. They were
asked to look carefully at each pattern and to tell the experimenter
what they saw: a pattern made up of figures, with one figure partly
occluding another, or a pattern made up of figures all in the same
plane. When an occlusion interpretation was reported, the subjects
were asked to indicate the exact form of the figure behind the oc
cluding one. Next, they were shown how their interpretation of a
pattern could be indicated on the drawing by tracing the contours
of the figures they saw.

To produce a different random order for each subject, the 23 pat
terns, each on a separate sheet of paper, were shuffled before be
ing presented. The subject looked at the drawing that lay before
him/her on a table at a normal viewing distance. Each pattern was
presented for 5 sec. If by that time the subject had not yet started
to trace the contours of the figures that, in his or her perception,
made up the pattern, he or she was asked to come to a decision.
This time limit was introduced because our interest was in percep
tion as a rapid, effortless process, in contrast to the process of
scrutinizing a stimulus. As Julesz (1971) noted, any kind of regular
ity that is presented in a pattern can be detected after the expendi
ture of sufficient effort and time. But as our interest was in the result
of the process of spontaneousperceptual organization, it was deemed
advisable to limit the inspection time.

RESULTS

The subjects nearly always drew their interpretations
within a few seconds after the presentation of a pattern.
The interpretations, together with the proportion of sub
jects who drew them, are given in Figure 10.

Testing the Predictions
Predictions 1, 2, and 3 all forbid completion interpre

tations that do not continue sides of occluded figures
without interruption behind occluding ones. The ex
perimental results strongly support this rule: of the 440
interpretations given on Patterns 1-10, only 9 (2%) broke
this rule. The 2% of the responses are as predicted by
Buffart et al. 's (1981) theory of visual completion. The
remaining 98 % are incompatible with their theory.

Prediction 4 pertains to a special case, in which a com
pletion interpretation is less attractive because the advan
tage of continuity of direction can be obtained by a mosaic
interpretation. The prediction was borne out by the ex
perimental results: not even one completion interpreta
tion was given as a response to Patterns 11-13. Since cod
ing theory predicts equal preferences for a mosaic
interpretation and three different completion interpreta
tions (Patterns 11 and 12) or a preference for a cornple-
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tion interpretation (Pattern 13), these results present
strong evidence against Buffart et al.' s (1981) theory.

Prediction 5 was tested by the responses on seven pat
terns (Patterns 4, 5, 6, 14, 15, 16, and 17). Of the 260
interpretations given on these patterns, 250 (96%) were
as predicted here, whereas only 59 (23 %) were as
predicted by Buffart et al. 's theory.

The results changed when the orientation of Pat
terns 14-17 was changed to favor a rivalry between in
terpretations that were either globally or locally simple.
Although the predictions made by Buffart et al. (1981)
were independent of the orientation of a pattern, 60% of
the responses given on Patterns 14'-17' were as predicted
by their theory, in contrast to 23%of the responses given
on Patterns 14-17.

Prediction 6 states that when the disadvantage of an an
gle on a common contour cannot be avoided by the parti
tioning of the concave angle, a mosaic interpretation will
not be preferred. This prediction was supported by 97%
of the responses on the four patterns by which it was tested
(Patterns 18-21). These results are incompatible with
Buffart et al.' s (1981) predictions for these patterns.

Prediction 7 was tested by the responses on Patterns
22-24. Ninety percent of the interpretations given by the
subjects confirmed the claim that a locally simple mosaic
interpretation would not be preferred over a completion
interpretation when it lacked global simplicity. Only 43 %
of the responses on these patterns were as predicted by
coding theory.

Prediction 8, which states that mosaic interpretations
that are both locally and globally simple will be preferred
over completion interpretations, was supported by 96%
of the responses given on Patterns 25-27. These results
also fit the predictions based on Buffart et al.'s (1981)
theory of completion.

To conclude, I will sum up how well the predictions
of Buffart et al. 's (1981) theory are supported by the
results. Of the 27 different patterns presented in the ex
periment (Patterns 14' -17' differed from Patterns 14-17
only in orientation), 18 patterns, according to coding the
ory, were theoretically unambiguous and 9 were theoret
ically ambiguous. For 14 of the 18 unambiguous patterns,
the preferred interpretation as predicted by coding the
ory differed from the one predicted by this study. In none
of these cases did the results support coding theory. Of
the 720 responses given to these 14 patterns, only 25 (4%)
were as predicted by Buffart et al. 's theory. For the 9 pat
terns that were theoretically ambiguous, coding theory
predicted that responses would be distributed over the
equivalent interpretations. However, for 5 of these pat
terns, the responses were not distributed over theoreti
cally equivalent interpretationsat all: all subjects preferred
the same interpretation! The distribution of the responses
on the 4 remaining patterns was always very skewed, with
Pattern 15 being an exception.

Tests of Other Approaches
Familiarity. From the point of view of familiarity, it

might be predicted that subjects would prefer completions

that formed familiar figures. Though no measure of
familiarity is available, it seems not very plausibleto claim
that the preferred interpretations of Patterns 9, 21, or 24,
to mention just a few patterns, contain figures that are
more familiar to the average subject than the perceptu
ally nonpreferred ones. On the contrary, the figures of
the nonpreferred interpretations of these patterns look
more familiar, at least in the sense that they are more sim
ple and regular, than the ones that are actually preferred
perceptually.

Aside from this, it so happens that two interpretations
of a pattern are alike in that the figures they describe have
the same shape. The only difference is one of area (see
Pattern 11). Although these interpretations thus do not
differ in terms of the familiarity of the figures they
describe, one of them is nonetheless preferred percep
tually.

Local configurations. According to a local-cue ap
proach, a local cue, such as aT-intersection, favors a com
pletion interpretation. If one contour continues through
an intersection and another contour is cut off, an interpre
tation in which the continuous contour belongs to a figure
in front will be preferred. This hypothesis, however, can
not explain the results for Patterns 25-27, nor does it make
clear why Patterns 4-10 were preferentially completed
in a particular way.

Good continuation. The Gestalt principle of good con
tinuation claims that the perceptual system prefers to con
tinue directions. Although this hypothesis does a good job
in predicting the particular completions made on many
patterns, it is disproved as a general rule of perceptual
organization by the results of Patterns 14' and 16'. Addi
tionally, this principle cannot explain the results for the
type of pattern represented by Patterns 1-3 and 25- 27.

Good Gestalt. This approach emphasizes that percep
tual organization will result in "good" figures, figures
that embody such properties as regularity, symmetry, sim
plicity, unity, and homogeneity. This hypothesis is con
tradicted by the results of many patterns of the experimen
tal set. The figures that formed part of the preferred
interpretations were very often less regular than the figures
ofless preferred interpretations (see Patterns 1-4, 7-10,
and 21-24).

Rock's coincidence principle. Because Rock (1983)did
not formulate a metric of the "coincidenticity" of an in
terpretation, interpretations cannot be ordered in an un
ambiguous way according to their power to explain seem
ing coincidences. Take Patterns 1 and 11. All inter
pretations of these patterns contain surfaces with coincid
ing contours. So, on the face of it, none of them will be
expecially attractive. Nonetheless, with both patterns,
there is a strong preference for one interpretation over
all others. Or consider the two interpretations of Pattern 5:
neither interpretation describes a seeming coincidence,
and yet one of them is strongly preferred over the other.
Aside from the problem of a metric of coincidenticity,
the coincidence principle, as it was applied by Rock in
the examples he produced to support it, is disproved by
the results of Patterns 25-27.



DISCUSSION

Many students of perception (Arnheim, 1954; Kopfer
mann, 1930; Rock, 1983) hold the view that there is a
strong tendency to avoid interpretations in which two
regions are shaped by a double-sided contour. In their
opinion, all mosaic interpretations are perceptually unat
tractive and probably even impossible to attain (see
Kennedy, 1974, for a lengthy discussion). However, ac
cording to Buffart et al. (1981), mosaic and completion
interpretations are equally attractive in principle. The only
thing that matters is the information load of a code, ir
respective of the kind of interpretation it represents.

In this study, a distinction was drawn between two kinds
of patterns: patterns that had only straight lines as com
mon contours versus patterns with an angle as part of a
central contour. Straight lines as common contours were
not detrimental to a mosaic interpretation (Patterns 1-3
and 11-13), but angles on a common contour were, un
less they could be avoided by means of a globally simple
partitioning code that exploited the local advantage of con
tinuity of sides (Patterns 25-27). So, in my opinion, the
view that mosaic interpretations per se are unattractive,
as well as Buffart et al. 's claim that the information load
of codes is the only decisive factor in perceptual prefer
ence, is wrong. In addition to the experimental evidence
produced in this study, analyses of other experiments lend
support to this point of view. Below are two examples.

Of the 25 patterns used by Buffart et al. (1981), 11 pat
terns had only straight lines as common contours, whereas
11 other patterns had an angle on the central contour. In
just one case (Pattern 13 of Buffart et al. 's set) could the
concave angle of the common contour be avoided by a
globally simple partitioning code. For the 10 other pat
terns with a central angle, a mosaic interpretation is un
attractive according to the rules proposed by this study.
Of the responses given by the subjects in Buffart et al. 's
experiments on this last subset of patterns, only 7%were
mosaic interpretations, in contrast to 37% mosaic interpre
tations on the former subset. Eighteen of the patterns used
by Chapanis and McCleary (1953) were of the same type
as those used by Buffart et al. Of the 18 patterns, 6 had
straight lines as common contours and 12 had angles as
part ofthe central contour. For 11 of the 12 patterns with
a central angle, a mosaic interpretation is unattractive ac
cording to the rules proposed by this study. Of the
responses given by Chapanis and McCleary's subjects on
this last subset, only 17% were mosaic interpretations,
whereas the former subset elicited 60% mosaic interpre
tations. These data once more support the view that ob
servers preferentially avoid mosaic interpretations that do
not exploit the local advantage of continuity of sides and
that thereby describe angles on the common contour twice.

A striking difference between coding theory and the ap
proach advocated here is that coding theory marks a sub
stantial number of the patterns presented in the experi-
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ment (N=9) as being theoretically ambiguous, whereas
the present approach does not (N = 1). This applies with
even greater force to the set of patterns Buffart et al.
(1981) used to test their theory. Of the 25 patterns they
presented, as many as 15 were theoretically ambiguous
as defined by their coding procedure. That is, of the
several different ways to interpret these patterns, at least
some interpretations had the same minimal information
load. This should have resulted in a distribution of
responses over the equivalent interpretations. According
to Buffart et al., such a prediction of perceptual ambiguity
would provide a strong test of coding theory (1981,
p. 266). With many theoretically ambiguous patterns,
however, the response frequencies produced by the sub
jects were very skewed. For 10 of the 15 patterns in ques
tion, the response frequencies found differed in a signifi
cant way (binomial test) from the ones expected if these
patterns were really perceptually ambiguous as defined
by coding theory. In their 1983 article, Buffart et al.
presented two models to describe the response frequen
cies of the 15 theoretically ambiguous patterns. These
models started from the assumption that these patterns
were perceptually ambiguous and that the departures from
the theoretically expected frequencies were due to the sub
ject's strategy of escaping ambiguity by making a num
ber of supplementary interpretations. However, when
Buffart et al. 's set of patterns is described according to
the approach advocated in this study, their complicated
analysis of ambiguity becomes completely superfluous:
now none of their patterns turn out to be theoretically am
biguous. The question then arises: How well does the
present approach succeed in describing their experimen
tal results?

Starting from the considerations on the nature of mosaic
and completion interpretations given above, Buffart

B

Figure 11. A: Pattern 7 of ButTart et aI.'s (1981) set (see Figure 3).
B: The preferred interpretation of Pattern A, as predicted by ButTart
et al, C: The set of preferred interpretations, as predicted by the
hypotheses tested here. The length k is variable. B and C differ only
in the elongation of the predicted figures.
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et al. 's (1981) set of patterns falls apart into two groups.
First of all, they presented a number of patterns in which
part of the contour of the square and of the figures ac
companying it were in a direct line, thus forming two con
tinuing lines that intersected at a comer of the square (Pat
terns 4, 6, 14, 15, 16, 19, 20, and 24). From the point
of view of the present approach, these patterns form a
special case: (1) In the completion interpretations, the
comers of the occluding figure (the square) and the oc
cluded figure coincide, and (2) in the mosaic interpreta
tions, the locally very simple crosslike configuration does
favor the interpretation of the lines as wires, and not as
contours of surfaces. Another special set of patterns is
formed by displays in which the sides of the occluded
figure that disappear behind the occluding one are parallel
to each other (Patterns 7, 12, 16, and 22). In those cases,
the drawing-in response may not have been suitable for
the task of describing the way in which the occluded figure
was initially completed perceptually. I will come back to
this point later.

In sum, the present approach suggests that two groups
of patterns should be kept apart in the analysis of Buffart
et al. 's (1981) results: the 11 patterns that form special
cases (Patterns 4, 6, 7, 12, 14, 15, 16, 19, 20, 22, and
24) and the 14 remaining patterns. Of the responses given
on this last group, 83 % were as predicted by the present
approach. Of the responses given on the 11 special cases,
44 % were as predicted by this study. The result of this
last group of patterns was especially negatively affected
by Patterns 7, 22, and 24. Whereas the preference for
the completion interpretation of Pattern 24 reported by
Buffart et al. cannot be understood from the analysis given
here, the negative results on Patterns 7 and 22 were prob
ably due to the difference between perceptually complet
ing an occluded figure and representing the completion
in question by means of a drawing. This seems a plausi
ble explanation, because the only difference between the
predicted and the actually drawn figure is an elongation
of the figure (see Figure 11). When illustrating their com
pletion of these patterns, the subjects very often started
the closure of the occluded figure by making an angle at
the point where the occluding and occluded figure met.
In my opinion, however, it is questionable whether the
subjects really wanted to indicate thereby that they had
seen the contour of the occluded figure change direction
at exactly that point. Because Buffart et al. did not stress
this point in their instructions to the subject, this ques
tion remains open.

These analyses of Buffart et al. 's (1981) data, along
with the results of the experiment reported here, strongly
suggest that, contrary to Buffart et al. 's claim, a global
minimum principle in perception operates only within the
constraints set by several local minima. The relevance of
the local minima that have been dealt with here has to
be corroborated by further research.

A final remark is in order about the application of
Leeuwenberg's (1969, 1971) coding system here. The aim

of the present reseach was to refute Buffart et al.' s (1981)
claim that a global minimum, as specified by Leeuwen
berg's coding system, answers the questions raised by the
phenomenon of visual completion. In order to oppose their
view, I had to apply their own set of coding rules. Obvi
ously, this does not mean that, in my opinion, the coding
system itself is above criticism.
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