Force of symmetry in form perception
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Many objects, natural and manufactured, have at least one axis of symme-
try; thus, the detection of symmetry could facilitate the detection and repre-
sentation of objects. Literature is reviewed that supports the notion that hu-
mans have effective and efficient.symmetry-detection ability. The question
addressed in the present research is whether symmetry detection leads to
biases in representations of visual forms. Two types of experimental tasks
were used: a similarity-judgment task and a matching-figures task in whlch
reaction time to find identical figures in a display was measured. Stimuli
varied in degree of measured symmetry The results of the experiments re-
ported here indicate that nearly symmetric standard forms are judged to be
more similar to, and are more,confusable with, even more symmetric forms
than they are w1th less symmetric forms. The pull toward a more symmetric
form does not occur for-standard forms-of lower symmetry. These findings
can be accounted for by a two-stage process. First, the perceiver quickly
determines the presence of overall symmetry. Then, if the form is perceived
as having overall symmetry, the form is assumed, sometimes incorrectly, to
have symmetry at the local level as well.

Symmetry is'a predominant structural factor in the real world of nat-
ural and manufactured objects. It is difficult to find an object in your
office, for instance, that does not have at least one axis of mirror-
image (or bilateral) symmetry. Your chair, your desk, and your coffee
mug are probably all nearly bilaterally symmetric. Slmllarly, natu-
ral objects such as apples and tuhps and lions, lizards, and people
are basically symmetric about an axis (see Weyl, 1955, for an analyt-
ic discussion of the preponderance of symmetry in nature, also see
Gardner, 1979).

Gestalt psychologists first argued for the utility of symmetry in the
detection of objects (see Koffka, 1935; Kohler, 1929). Indeed, sym-
metry” was one of five basic Géstalt “principles of organization” sug-
gested for form perception. Symmetry, like the other laws of organi-
zation (see Hochberg, 1978), was proposed to help explain how
some parts of a scene are perceived to be figure and others ground.
The claim was that the more symmetric a closed region, the more it
tends to be seen as a figure.

The importance of bilateral symmetry as a stimulus variable has
been stressed by many since the Gestalt scholars. Zusne and
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Michaels (1962), for instance, argued that it is the most important
factor for determining judgments of geometricity, regularity, and
familiarity of a large group of systematic distortions of a square. Bar-
low and Reeves (1979) proposed that symmetry may also be impor-
tant for shape recognition because it helps to establish an “object-
centered coordinate frame.” Howard and Templeton (1966) made a
similar argument: Not only does symmetry tend to be a predomi-
nant characteristic of objects, but also the axis of symmetry often
helps define the proper orientation of the object. Marr and Nishi-
hara (1978) have investigated how observers construct a general,
object-centered representation of an object from a viewer-centered
representation. One of the critical steps is to determine the natural
coordinate system of the object. Marr and Nishihara claim that sym-
metry is an important clue to the natural axes of the object. Since an
object is likely to be only partly symmetric from a particular vantage
point, it is important to be able to infer complete symmetry from
partial symmetry in constructing an object-centered representation.

A prevalent theme in perception research is that there is a discrep-
ancy between what we should observe if our sensations were simply
added together and what we actually do observe (see Hochberg,
1978). We impose structure on the world and take advantage of
structure that exists. This is almost unavoidable, for as Barlow and
Reeves (1979) point out it is not possible for a visual image even to
be represented completely, and “any regularity such as symmetry is
valuable for the very reason that it represents more of the image than
an arbitrary or irregular feature” (p 792). In effect, it is to our ad-
vantage to be able to simplify an image; it reduces both the amount
of information we must collect and the amount we must store. Att-
neave (1954) proposed a measure of figural simplicity, based on in-
formation theory, that helps formalize the economy of symmetry:
the predictability of the whole from the part. Highly predictable
parts are redundant. A symmetric figure certainly contains redun-
dant information and thus has at least one type of figural simplicity.

To summarize, two basic survival values of symmetry detection
have been discussed: (a) that the world is full of symmetric objects
and that fact should help us detect objects; and (b) that symmetry in
an image allows it to be perceived and coded abstractly and econom-
ically.

Empirical evidence supports the notion of a very efficient and ver-
satile symmetry-detection device. Carmody, Nodine, and Locher
(1977) showed that subjects can detect symmetry with a very brief
(25 ms) single fixation. Similarly, Barlow and Reeves (1979) showed
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that symmetry can be detected “immediately,” without eye move-
ments and conscious analysis. Even when symmetry detection is not
the subject’s objective, there seems to be a globally based symmetry
assessment. Fox (1977) found that subjects matched’ symmetric
forms faster than similar but asymmetric forms. Locher and Nodine
(1973) recorded eye movements while subjects rated the complexity
of abstract shapes. When those shapes were vertically symmetric,
the subjects scanned only one side of them. Corballis (1976) con-
cluded about Locher and Nodine’s results: “Perceptlon must there-
fore be fairly immediate: we may know that a shape is symmetrlcal
before we know what else it is” (p. 77). ‘

Given that perceivers seem to detect symmetry readily and auto-
matically, we can ask what effects this might have on the perceivers’
representations of objects. Others have addressed the issue of sym-
metry detection itself; the basic question of interest in the present
research is whether symmetry detection can lead to systematic dis-
tortions in encoding form. The prediction is that if a form is nearly
symmetric, a perceiver might very well encode that form as more
symmetric than it really is. This appears to oceur in our perception
of faces. We typically perceive people’s faces to be symmetric, and
are unaware of their asymmetry. We become aware of the asymme-
try when, as is periodically done to make a point about photography,
or perception, or symmetry, the separate halves of a particular per-
son’s face-are duplicated by mirror image. The two resulting pictures
frequently look surprisingly different. A simple two-step éncoding
process, consistent with the findings that symmetry detection is im-
mediate and automatic, accounts for such' systematic distortions.
Supp’ose that first the perceiver gathers enough global information
from viewing the entire form to determine the presence of overall
symmetry. Corballis (1976) and:Julesz (1971) have suggested me-
chanisms for the detection of symmetry; these cannot be more accu-
rate than the limits of visual acuity, and are typlcally hkely to be less
accurate. If the form is perceived as symmetric, the perceiver takes
advantage of that information to make inferences about those parts
of the form that he or she does not bother to inspect. This seemed to
occur in the Locher and Nodine study, where subjects scanned only
half of a symmetric figure. Distortions may occur when, unknown to
the perceiver, the form was not as symmetric as the global impres-
sion suggested. This error at the global level may lead to misapplied
inferences as the local level. We use “global” and “local” in the sense
recommended by Kimchi and Palmer (1982) to refer to independent
properties of the geometry of shapes, to the larger figure as con-
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trasted with the local elements. This two-step process need not, in
fact, be thought of as strictly two-step, but could also. be thought of
as:continuous and'Overlapping processes: The perceiver grasps over-
all:shape and gradually fills in details, stoppmg at some point before
all of the details are filled in. y

‘Some-mixed :evidence for dlstortlons or normahzatlon errors, in
the direction of symmetry in memory- for,form has been presented in
the past. Riley (1963) provides-a review of this .research. In some
studies, changes in memory. for.visual stimuli tended to lead to more
symmetric memories, and in, some studies, to less. The. confusion
seems to be 1ntroduced by another source of memory distortion: the
tendency to regularize. toward specific schemata. or prototypes.
Often subjects remembered nonrepresentational shapes as similar to
prototypical representational forms. This memory error-could in-
clude a reduection in the remembered symmetry of a form, depend-
ing on the degree of symmetry in the original stimulus versus the de-
gree of symmetry in’the prototype remembered.- :

In the present research, we focus on systematic distortions that oc-
cur at the time of initial enceding and we avoid stimuli. that have obvi-
ous representational prototypes. Qur main. prediction is that people
sometimes distort their image of a form in the direction of symmetry.
Dustortion-means: nothing more than a discrepancy between physical
or objective characteristics of a form and the mental representation
of that form; it may be a very subtle effect. The mechanism presum-
ably producmg the distortion is one of incomplete processing. As a
figure ‘is scanned, global symmetry may be observed and repre-
sented and local violations of symmetry ignored. This is termed the
“symmetry effect.” We look for converging evidence for the symme-
try effect in two different tasks (a) perceived similarity between forms
(Experiments 1 -and 2) and (b): confusability between forms as deter-
mined by reaction time (RT) in a matching-figures task (Experiment
3). We find that, as predicted, given a standard stimulus form, both
confusability and perceived similarity will increase when the stan-
dard stimulus form is paired with a form that is more rather than less
symmetric than the standard. ‘We also confirm our prediction that
this increased confusability and perceived similarity will be moder-
ated by the overall symmetry of the standard stimulus form. As we
will argue, the RT study (Experiment 3) serves to rule out possible
explanations of the symmetry effect that might be proposed given
the similarity data alone: Thus, the results of the three experiments,
taken together, provide strong converging evidence for the symme-
try effect.






