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An Efferent Component in the Visual Perception
of Direction and Extent

. Stanley Coren
University of British Columbia, Vancouver, British Columbia, Canada

After outlining the history of motor theories of visual perception, a new theory linking information
extraction patterns, specifically adapted for the gnidance of eye movements, 1o the visual perception
of direction and extent is presented. Following a brief discussion of comparative and physiological
considerations, a research strategy to test for efferent involvement in visual perception in humans is
presented. In seven demonstration experiments, predictions from efferent considerations are used
to create a new set of illusions of direction and extent and to demonstrate new predictable variations
in the magnitude of some classical illusion figures. Anpther demonstration illustrates that systematic
changes in visual perception occur as a function of changes in motoric demands, ¢ven in the absence
of any configurational changes in the stimulus. A final section shows the relationship between atten-
tion and efferent readiness and their interaction in the formation of the conscious visuai percept.

From a historical perspective, most contemporary theories
of visual perception are quite conservative. This conservatism
springs from an apparent acceptance of the premise that any
proper analysis of visual experience must avoid reference to
nonvisual mechanisms, except for labeling and semantic as-
pects of the perceptual process. It follows that most visual theo-
rists tend to derive virtually every aspect of the conscious per-
cept solely from either the physical characteristics of the visual
stimulus array or the operation of readily definable neurological
units in the visual system.

Characteristic of the former viewpoint is Gibson’s (1979) the-
ory of ecological optics, which maintains that virtually all as-
pects of the final percept are predictable from invariants in the
stimulus array. Current attempts to derive the conscious per-
cept from a hypothesized Fourier analysis occurring within the
visual system are similar in approach, merely relying on higher
level processing of the physical stimulus (e.g., Weisstein & Har-
ris, 1980). Using the current literature as an index, the only
seemingly acceptable alternative to derivation of the final per-
cept directly from physical stimulus properties is to adopt a
neuroreductionist approach, Here the investigator is expected
to isolate specific neural units or channels that are then held to
account for each aspect of the the final subjective percept (e.g.,
Graham, Robson, & Nachmias, 1978; Hubel, 1978). Although
the above-mentioned approaches have a certain allure, provid-
ing concrete mechanisms and clearly calculable stimulus pa-
rameters on which to rest conclusions, there are some alterna-
tive theoretical treatments of visual perception, which do allow
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contribution from nonvisual sources, that seem to have slipped
from contemporary collective consciousness. At least one of
these alternatives, based on motoric or efferent contributions to
the final percept, may deserve a second look.

Early Efferent Theories of Perception

In contrast to cur modern approach to visual perception, the
carliest treatments of sensory experience did not make a dis-
tinction between the visual and the nonvisual components in-
volved in the process of seeing. Thus, well before 1855, when
Alexander Bain published the first English textbook on the psy-
chology of perception, theorists had been toying with the notion
that sensory and motor functions might be part of a unified
system working in conjunction to form the conscious percept.
The nature of this sensory-motor interaction has always been
somewhat obscure. Be that as it may, because eye movements
are clearly made in response to perceptually relevant inputs,
they were naturally singled out as the motoric responses most
likely to interact in the formation of the visual percept.

Bain (1855) suggested that “by a horizontal sweep, we take
in a horizontal line; by a circular sweep, we derive the muscular
impression of a circle™ (p. 236). He goes on to state that “mus-
cular consciousness” is an indispensable component in the for-
mation of the percept. Thus, “*a circle is a series of ocular move-
ments” {p. 373) and “naked outlines, as the diagrams of Euclid
and the atphabetical characters, are to say the least of it, three
parts muscular and one part optical.” In so doing, Bain proposes
a motor theory that reduces all conscious visual perception to
a set of eye movements.

Wundt's psychological research program, conducted during
this same era, was influenced by this ambient theoretical zeit-
geist. He was aware of Oppel’s (1854-1855) analysis of several
visual-geometric illusions, specifically the Oppel-Kundt illu-
sion (see Figure 1A), where the upper divided extent looks
longer than the lower undivided extent, and the horizontal-ver-
tical illusion (see Figure 1B), where the vertical line appears
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Figure 1. A: Oppel-Kundi illusion. B: Horizontal-vertical
illusion. C and D: Mueller-Lyer illusion.

longer than the horizontal. Wundt incorporated an efferent

component in his 1897 analysis of the source of these illusory

distortions:
The phenomena of vision teach that the idea of the relative distance
of two points from each other is dependent on the motor energy of
the eye employed in passing through this distance. . . . The motor
energy becomes a component of the idea through its connection
with a sensation which can be perceived.” (p. 133; emphasis in the
original)

Wundt’s argument is based on the trivial observation that it
takes a longer eye movement to traverse a long fine in the visual
field than to traverse a shorter line. Because the amount of effort
expended in making eye movements is proportional to the
length of the stimulus, Wundt suggested that some sort of feed-
back indicating the amount of muscular effort expended is in-
corporated into perceptual estimates of length. One should not
underestimate the cleverness of this approach because it pre-
dicts that anything that alters the effort needed to make an eye
movement over a stimulus should alter the estimate of the size of
that stimulus. Wundt directly applied this principle to explain
several illusions.

Introspection convinced Wundt that horizontal movements
of the eye are apparently more freely and easily made (with less
subjective feeling of effort) than are vertical eye movements,
which must fight the force of gravity. If different amounts of
motoric effort are needed for these two classes of movement,
why vertical lines are seen as longer than horizontal lines of
equal length, as in the horizontal-vertical iliusion (depicted in
Figure 1B), might be explained. The argument is that a vertical
extent of the same physical length as a horizontal extent is per-
ceived as being longer merely because it elicits eye movements
requiring more effort. Wundt extended this line of reasoning to
explain the Oppel-Kundt illusion (Figure 1A). He suggested
that in the segment with divided space the eye has a tendency
1o stop occasionally on some of the interior elements. Such stop-
ping and starting requires more effort than a single movement
across the open extent; thus, a simple application of the princi-
ple that the amount of effort expended interacts with the visual
perception of extent allows the prediction that the divided space
should be seen as longet, even though the two physical extents
are equal.

Proprioceptive Feedback Theories

A number of Wundt’s contemporaries altered the basic con-
cept of motoric involvement so that it could operate via the

more objective concept of proprioceptive feedback from emit-
ted movements rather than on Wundt's more subjective “feeling
of effort.”” Visual-geometric illusions were held to be the proto-
typical demonstration of the validity of this idea, Here the no-
tion was that particular stimulus arrays induce some form of
erroneous eye movement on the part of the observer. The pro-
prioception from these erroneous eye movements in turn enters
into and distorts the conscious perception of the stimulus pat-
tern. Thus Binet (1895) and van Bierveliet (1896) in France,
Lipps (1897) in Germany, and Judd (1905} in the United States
each independently proposed that the Mueller-Lyer illusion (see
Figures 1C and 1D) could be explained by this process. The
general argument suggests that the eyes tend to be drawn be-
yond the vertex into the outwardly turned wings (Figure 1C) or,
conversely, arrested by the inwardly turned wings before they
reach the end of the line (Figure 1D), Incorporation of the pro-
prioceptive feedback from these erroneously long and short cye
movements then easily constitutes an explanation for the ob-
tained over- and underestimations of the linear extents.

These theoretical speculations stimulated a desire to actually
measure eye movement patterns over various illusion configu-
rations because they provide conditions where the observer’s
conscious percept differs from what might be expected on the
basis of the actual physical measurements. If motoric factors
are involved in the genesis of these distortions, then systematic
eye movement errors should accompany the viewing of illusion
configurations. The first empirical measurements of this type
resulted from a heroic study by Delabarre (1897). His method
of eye movement measurement involved attachment of a plas-
ter cap to his eye and thence to a set of levers that mechanically
recorded his eye movements while he viewed the Mueller-Lyer
illusion. His results anticipated those of later researchers who
had the advantage of photographic or bioelectric methods of
recording. In general he found that the eye movements emitted
while scanning the apparently longer segment were longer than
those over the apparently shorter segment, as the theory pre-
dicts. This finding has been replicated many times {DeSisto &
Moses, 1968; Judd, 1905; Stratton, 1906; Yarbus, 1967). Per-
haps the strongest confirmation comes from Festinger, White,
and Allyn (1968), who observed that the size of the eye move-
ment errors actually predicted the individual differences in the
magnitude of the perceptual illusion.

Although the general pattern of data seems consistent with
the original hypothesis of a motoric component in the percep-
tion of visual extent, at least for illusory stimuli, there are some
disturbing points that are hard to explain. Consider the data
from studies on the Mueller-Lyer figure as an example. Whereas
the original saccadic eye movement is erroneously long or short,
as predicted, most studies find that the eye shows a tendency
to immediately rectify its error with a corrective flick in the
appropriate direction. This correction results in a precise cen-
tering of the fovea on the intended vertex. Certainly if the per-
cept is based on feedback from the actual eye movements emit-
ted, these corrective flicks ought to be added into (or subtracted
from) the estimate of length. Because the fovea eventually does
rest accurately on the vertex, even though it has taken two eye
movements to get there, the proprioceptive feedback should ac-
tually provide a fairly accurate estimate of the length of the line
rather than any illusery effect.
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Further problems with the attempt to link proprioception
from eye movements to the perception of extent or direction
soon emerged. For instance, again using visual illusions as the
model, one series of investigations attempted to ¢liminate the
effects of eye movements by flashing stimuli too briefly for such
movements to be made over the pattern. Despite the fact that
the presentations were too brief to allow effective saccades to
occur, the expected illusory distortions still occurred (Cooper
& Weintraub, 1970; Hicks & Rivers, 1908; Lewis, 1909; Piaget
& Bang, 1961; Pollack, 1970). A similar rationale lay behind
the use of the stabilized image technique, where optical systems
or afterimage techniques are used to immobilize an image on
the retina, rendering it stationary regardless of any eye move-
ments. Despite the decorrelation between ¢ye movements and
image changes, most of the classical illusory effects are still ob-
served (Ditchburn & Ginsborg, 1952; Evans & Marsden, 1966;
Pritchard, 1958; Yarbus, 1967).

Implicit Movement Theories

At first glance the above data seem to negate any theory based
on the supposition that there is a motoric contribution, at least
in the form of eye movements, involved in the formation of
visual illusions, However, it should be noted that, although these
procedures do disrupt the normal relationship between eye
movements and subsequent retinal image changes, they do not
physically stop the eye from moving. Eye movements may still
occur in the same direction, and even to the same extent, that
they would occur under normal scanning conditions. In fact,
there is evidence that even after a briefly presented image has
disappeared, the saccadic eye movements are emitted on the
basis of information extracted from the pattern during the brief
period of time it was actually availabie for viewing (Crovitz &
Davies, 1962), A strict interpretation of the efferent contribu-
tion to the perception of extent would hold that as long as such
eye movements occur, whether or not they are effective in actu-
ally scanning over the stimulus, the proprioceptive record of the
extent of the emitted eye movement could be entered into the
final computation of perceived extent. Furthermore, if the size
of these ineffective eye movements is systematically biased, the
movements could still result in biased proprioceptive feedback
and, hence, the perception of an illusion.

This version of an efferent theory received further support
form an unexpected source. The newly emergent behaviorist
school of psychology evinced a marked fondness for motor the-
ories of perception. These early behaviorists altered the theory
to make it more consistent with the data (albeit less empirically
accessible to direct testing) by doing away with the necessity for
actual eye movements and gross proprioceptive feedback. Thus,
Washburn (1916) maintained that although overt eye move-
ments are certainly necessary for developing young organisms
to originally establish spatial and directional percepts, at later
stages of development these manifest movements are unneces-
sary. Instead the percept is supported by implicit, partial com-
ponents of the movements. These implicit movements were
held to form the basis of all conscious thought, as well as percep-
tion (Jacobson, 1938; Max, 1935; Skinner, 1974; Watson,
1930). In effect, these formulations reduce perception to feed-

back from covert muscle twitches rather than overt or visible
movements.

Implicit movement involvement in perception can be di-
rectly tested with the aid of neural muscular blocks, such as
curare. These drugs make it possible to eliminate even these
tiny muscular twitches, by blocking transmission across the
neural muscular junction. Perhaps the most spectacular experi-
ment along this line is that done by Smith, Brown, Toman, and
Goodman (1947), who were concerned by reports that patients
who had been administered curare as an anesthetic not only
felt pain but also could report events and conversations that
occurred during the operation. Smith, serving as the subject,
was administered a dose of d-tubocurarine and reported that
“at no time was there any evidence of lapses of consciousness
or clouding of the sensorium™ (p. 7). This statement was based
on the fact that at intervals of a minute or less, during the period
when communication with the subject was impossible owing to
paralysis, stimuli were presented or objects placed in front of
the line of gaze. The subject was requested to report these stim-
uli when speech returned. The investigators summarized the
results by saying that “in each instance, the report was accurate
in all details™ (Smith et al., 1947, p. 7). Here we have perception
of visual properties in the absence of feedback from any muscu-
lar response: overt, implicit, verbal, or otherwise,

Efferent Readiness Theories

There is an extremely subtle variant of a motor theory of per-
ception that seems to circumvent some of the problems associ-
ated with both the overt and covert movement formulations.
This conceptualization does not require any efference to be ac-
tually issued at all; rather it proposes that a set of eye move-
ments are computed and held in readiness to be emitted across
the visual array. The final conscious percept is synthesized from
this set of efferent readinesses. A clear statement of this view-
point is that of Muensterberg (1914), who contended that “we
all perceive the world just as far as we are prepared to react to
it. Our ability to respond is the true vehicle of our power to
know™ (p. 141). This alternate efferent readiness view of the
relationship between the perception and the motoric system is
historically of the same vintage as the overt response theory.
There is a rather extensive discussion of it, as early as 1852, in
the work of Lotze. Hebb (1949) reformulated this position
when he introduced the notion of the “phase sequence,” which
was a chain of central cortical events with motor links. He
maintained that “although the motor activations may be sub-
liminal and do not always produce overt response, their role is
essential in any perception” (p. 35). The specific notion that
the motoric response held in readiness might influence the final
perception of extent or direction has sporadically reemerged in
the literature in a number of different forms over the years (e.g.,
Festinger, Burnham, Ono, & Bambes, 1967; Heymans, 1896;
Sperry, 1952; Taylor, 1962). As is typical of most efferent theo-
ries of perception, one of its major uses has been as an explana-
tory device for a variety of visual illusions (¢.g., Burnham, 1968;
Caren, 1981; Coren & Festinger, 1967; Coren & Girgus, 1978a;
Festinger, White, & Allyn, 1968; Virsu, 1971).

Before the substantial methodological problem of how one
begins to measure or manipulate a respense held in readiness
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can be addressed, two philosophical issues must be resolved.
First, if the organism already has enough information from
which to compute the relevant efferent commands to overtly
move the musculature, or even to hold these movements in
readiness, why does it need to then refer back to such efferent
components at all? Why does the system not simply use the
sensory information that it has already obtained and processed
(presumably in order to compute the efferent commands now
held in readiness) as the basis for the conscious percept? Herein
lies the major conceptual difficulty for any motor theory of per-
ception. Second, even though it may be demonstrated that when
an organism perceives a stimulus it also is ready to respond to
it, there is still a question as to whether the resultant pattern of
efference, either overt or held in readiness, is an integral part of
the perceptual process or is merely a consequence of the percep-
tual process that has preceeded it. In terms of the illusion data,
this asks simply whether the lines are seen as longer because the
eye movement held in readiness is too long or the eye movement
held in readiness is too long because the line already perceptu-
ally appears to be too long. To answer these questions the nature
of the linkage between the perceptual and the motor processes
must first be explored,

Phylogenetic Arguments for a Motor
Theory of Perception

A basic postulate seems to lie at the heart of any motor theory
of perception. This postulate is that the brain, viewed objec-
tively, is primarily a mechanism for governing motar activity.
Its raison d’étre is the transformation of sensory patterns into
patterns of motor coordination. This viewpoint is, of course,
quite out of keeping with the generally accepted notion that the
major functions of the brain are the manufacture of ideas, feel-
ings, the storage of memory, and the interpretation of sensations
into a conscious representation of the external environment.
Such subjective phenomena, though salient to the behaving in-
dividual, may simply be ¢piphenomena—the byproduct of
brain activity—rather than its targeted functional result. Few
people would grant a fly, worm, or an octopus much in the way
of feelings, ideas, or consciousness, yet each has something that
may pass for a primitive brain and each responds adaptively
with motoric activity to various sensory inputs. Even in higher
organisms, except for the recordable electrical and chemical ac-
tivities occurring within the cerebral vault, the entire activity of
the brain, so far as has been yet determined, yields nothing but
motor adjustment. When reduced to its essence, the fundamen-
tal interpretive task of the brain, whether direct or indirect, in-
cluding the so-called “higher mental functions,” is to transform
the sensory inputs inte motor programs that allow the organism
to interact with the external environment. Despite the intro-
spective salience of personal consciousness, the only means of
expression or action available to the organism is through the
efferent pathways and the motoric expression of behavior.

To psychologists, for whom the concept of consciousness still
has an implicit (if now seldom mentioned) focal role in the un-
derstanding of higher behavioral functions, the interpretations
of brain function given in the preceding paragraph probably
seem to be extremely shortsighted, incomplete, and unsatisfac-
tory. However, if a comparative or phylogenetic viewpoint is
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adopted, one will readily find data to support the contention
that even in higher vertebrates the brain is designed primarily
for the regulation of overt behavior rather than for some sort of
mental performance. Thus, at the lower end of the phylogenetic
scale, purely mental activity seems to be considerably less con-
spicuous in comparison with the amount of neural processing
set aside for overt motoric response. In fact, to the extent that
sensation or perception is manifest in many lower organisms,
it appears to directly serve the function of guiding patterns of
muscular contraction, or its equivalent. It is at this primitive
level that the relationship between sensory and motor functions
becomes most apparent.

The first evidence of any sensory ability in lower organisms
appears to be in single-celled protozoans, The paramecium, for
example, does not have any specialized reception apparatus;
however, it shows a diffuse motoric reaction to light. In its pres-
ence, the paramecium increases its general activity level, It does
not appear to swim purposefully in a given direction relative to
the light stimuli, but it does swim at a faster pace. This results
in & pattern of motor behavior that adaptively alters the rela-
tionship of the organism to the environment. For instance, sup-
pose there is a pan of water with paramecium. A light is placed
at one end of it, and the other end is shaded. After a while the
animals will have crowded into the shaded end. This adaptive
pattern of behavior is a consequence of a simple, automatic re-
lationship between motoric output and incoming photic stimu-
lation. Such direct changes in the activity level of an animal as
a function of light input, as observed here, are called photokine-
sis. It not only provides evidence of an organism’s sensitivity to
light, but also provides an example of a situation where stimula-
tion automatically results in activity changes. Thus the very first
evidence of sentience to be found in any animal appears in the
form of a rudimentary sensory-motor link.

In more phylogenetically advanced animals, specialized sen-
sory cells begin crowding together to form receptors. At this
level of development, a new sensory-motor response pattern be-
gins to emerge. Now an animal will swim or orient itseif, appar-
ently purposefully, toward a light source, displaying what is
commonly called phototaxis. Conversely, some animals may
orient themselves away from the light, displaying a negative
phototaxis. These responses are clearly apparent in flatworms,
such as planaria, and in some animals as highly advanced as the
annalids or segmented worms. These responses to stimuli are
still quite automatic. The animal orients or moves reflexively
according to the direction of the light source, and one may pre-
dict with almost perfect certainty the orientation of the organ-
ism on the basis of the knowledge of the location of the light
source. The importance of such taxic behavior, however, is that
it shows further evolution of the perceptual response, yet still
demonstrates the direct driving of the motoric system by sen-
sory inputs,

The lowly firefly provides the next stage of elaboration in the
linkage between the motor system and perception. Suppose a
female firefly detects the presence of a male. She raises her abdo-
men and emits a single burst of light. The male now turns as
much as 180° and flies to the place where the flash of light ap-
peared. The essence of this act is that, although this response is
just as automatic as the taxic responses observed above, this
organism is flying toward a stimulus that is no longer physically
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present. This type of response may be called a nmenotaxis. It
indicates that, although the sensory and motor systems are still
inexorably bound in this animal, motoric responses to a trace
or registration of the stimulus, rather than the stimulus itself, is
the key factor. To be more accurate, the animal has extracted
some information from the sensory array, and that extracted
information is now driving its motor response pattern.

In vertebrates the responses to photic inputs are no longer so
automatic. Very few motor responses are automatically elicited
by variations in the optic array. However, as pointed out by
Sperry (1952),

If there be any objectively demonstrable fact about perception that
indicates the nature of the neural process involved, it is the follow-
ing: in so far as an organism perceives a given object, it is prepared
to respond with reference to it. This preparation-to-respond is ab-
sent in an organism that has failed to perceive. (p. 301)

Thus, consider the simple case where a person perceives a
square of paper, The very act of perception means that the per-
son now has a set of readinesses with which to respond to the
paper. He or she may now point to it, outline it with a fingex,
localize it with reference to other objects, pick it up, walk
around it, verbally describe it, or emit many other overt motor
activities with reference to it. In a vertebrate that lacks the sym-
bolic and linguistic capacities of the human being, this same
principle is still operating. If the animal perceives the stimulus,
it is able to approach it, avoid it, leap over it, pick it up with its
mouth or paws, and so forth. In both the human and infrahu-
man situations, the organism that does not perceive the stimu-
lus does not demonstrate any systematic motor responses to-
ward it. Thus one might say that the presence of a pattern of
efferent responses held in readiness, which is prepared to mani-
fest itself as a pattern of motoric responses, indicates that the
organism has perceived a given stimulus.

Because, in most of the simpler animals discussed here, the
visual inputs are automatically used in guiding motoric outputs
(generally in the form of locomotion, apprehension, or manipu-
lation), one might suspect that this is the major adaptive func-
tion of the visual system. In more complex and elaborated ani-
mals, the visual guidance becomes mediated and modified by
other factors such as internal states, other environmental stim-
uli, and behavioral strategies that have evolved as a function of
the organism’s past experience. However, the principal function
of vision is still to guide the animal’s efferent output. One test-
able implication of such a hypothesis is that the degree of sen-
sory elaboration found in an organism should correlate with
the amount of motoric activity in which the animal normally
engages. Motile animals should have better senscry systems
than nonmotile animals. It is difficult to assess the validity of
this prediction across phyla because it is impossible to deter-
mine the basis on which to compare the mability of an elephant
with that of an amoeba. Perhaps the most valid comparisons
are among animals within the same phyla. Consider a few exam-
ples to see if the expected correlation between motility and
complexity of the visual sensory apparatus exists.

The segmented worms, or annalids, include a number of spe-
cies varying in motility. In this phylum the degree of visual-
sensory specialization seems to vary directly with the motoric
requirements and abilities of the animals. For instance, the sed-

entary leeches are either totally lacking in eves or display them
in the most rudimentary forms. The more active but slowly
moving earthworm has light-sensitive cells aggregated together
to form simple eye spots. On the other hand the freely swim-
ming polychaetes (sea worms such as nereis) show the most
elaborate visual systems found in this group, with reasonably
complex cupulate eyes.

In molluscs there is an even greater range of motility and sen-
sory complexity. The bivalves, such as the clam, which spend
most of their time lying on or below the sea floor, have very
primitive light receptive organs, if any. The more motile but
nonetheless generally quiescent forms, such as the scallop, begin
to show aggregation of light-sensitive cells into eye spots. Snails
and sea slugs are clearly more active and mobile than the scal-
lop, though certainly not the most motile of animals. They show
a more complex visual system, including an invaginated eye
with a reasonably complex neural structure. The most active
of the molluscs are the cephalophods. These include the free-
swimming octopus and squid, which have eyes that rival those
of the vertebrates in developmental elaboration.

It is interesting to note that there are some instances in which
the correlation between motoric activity and sensory elabora-
tion manifests itself in the life history of the single animal, Thus
in some species of mollusc, such as the common edible oyster
mytilus, an active free-swimming larval stage precedes the sed-
entary adult pattern. During this motile stage, the animal dis-
plays cephalic, cupulate eyes that are reasonably well developed.
During the stationary adult stage, howeaver, these eyes become
residual. This is actually not an atypical pattern for animals that
have both an active and a passive stage of existence. It is found
in the arthropods in a very similar form, as in the case of the
ship barnacle /epas. In reverse temporal order, it is repeated in
many insect species, wherein the relatively passive larval stage
the insect is adorned by simple lateral eyes, whereas the more
active adults display elaborate complex compound eyes,

It is possible to extend this mode of analysis to other phyla,
and when one does so, it is clear that the pattern displayed above
is the most typical. When one reaches the vertebrates, however,
the range of both motility and elaboration of visual structure
becomes more restricted; hence, the comparisons are more
difficult to make. Nonetheless, the above examples make it clear
that the degree of motor activity and complexity of the visual
apparatus appear to be correlated. This would support a general
notion that the essential, and perhaps a primary, function of
vision is to guide movement, Movement must be controlled so
as to allow the animal to achieve an optimal environmental situ-
ation, to avoid obstacles, or to pursue prey and avoid predators.
In this sense one is led to expect complex visual organs to be
found primarily in actively moving animals, because they are
not needed by more sedentary species.

If these comparative data may be taken as providing some
basis for concluding that the visual system and motor system
are interrelated, what the nature of this relationship is and what
consequences this may have on conscious visual perception, if
any, must be asked. The hint as to the possible relationship
comes from a consideration of the nature of linkages between
the perceptual and motor activities. In the most primitive or-
ganisms, such as amoeba, the effect of light is directly on the
protoplasm itself. The resultant alterations in its viscosity affect
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the direction of movement in such animals. The first evidence
of cellular specialization is found in porifera. Here the arrange-
ment is quite simple, with sensory cells directly adjacent to mo-
toric cells. As the complexity of organisms increases, moving
up the phylogenetic scale, neural elements are interpolated be-
tween the afferent input and efferent output units, In the com-
plex vertebrates, there are many neural pathways that do not
appear to go directly to motoric units. Thus, in the more com-
plex species, there are numerous pathways to nonmotoric por-
tions of the cortex. it looks as if the information that was ini-
tially extracted for motoric guidance is now being made avail-
able for “other purposes.” One might guess that conscious
perceptual experience is a direct consequence of these “other
purposes.” This would suggest that conscious perception may
be directly affected not so much by the actual motoric outputs
but by the process of information extraction that has been
keyed to the needs of the motoric system. In turn, this would
lead one to expect that information which is unnecessary to
guide movement would not be readily available, because the
system is basically not set up to extract such extraneous data
from the incoming stimulus array. Furthermore, this might sug-
gest that because visual information extraction is based on the
requirements for motor guidance, the entire process might be
rather selective as to the parameters it considers important.

A Research Strategy

In the preceding section a possible mechanism by which vi-
sual perception might be affected by efferent considerations was
derived. An interesting hypothesis can be generated from such
speculations. Suppose a set of conditions could be found under
which the information extracted for motor guidance is biased
in some systematic fashion, If it is correct to assume that the
bulk of the information made available to consciousness is sim-
ply passed on to higher centers after it has been prefiltered and
preselected to guide motor outputs, the resultant percept ought
to also be systematically biased. Put in more operational terms,
if the information used to guide the motoric response to a stim-
ulus array differs from an accurate reflection of the physical
characteristics of the stimulus array, this should manifest itself
in a corresponding perceptual distortion or illusion. The ex-
tracted information is used to evoke a set of efferent patterns
that are now held in readiness. These efferent readinesses, in
turn, serve as the foundation for the conscious percept.

Up to now the research strategy used to investigate the effects
of efferent readiness on perception has been the same one that
would be used to investigate the effects of overt motoric involve-
ment on perception. The rationale has been that because the
best index of the eye movement held in readiness is the actual
eye movement emitted, one need only measure the eye move-
ment patterns across illusion configurations and look for sys-
tematic eye movement biases that may be correlated with the
percept. As an example, this was the pattern of reasoning that
guided some research by Coren, Bradley, Hoenig, and Girgus
(1975). This rescarch was based on an interesting illusory phe-
nomenon that we observed a few years ago: If a spot of light is
rotated in a circular path, in a totally darkened room, the appar-
ent diameter of the circle seems to vary as a function of the
speed of the target’s movement. At slow speeds, subjects tend to

accurately estimate the diameter of the circular path that the
target is traversing; however, as the speed of rotation of the stim-
ulus increases, the diameter of the circular path begins to appar-
ently shrink. If the speed of rotation is further increased, the
diameter of the circular path then seems to expand back to its
normal size. This dyramic illusion of size caught our attention,
because it seemed to be amenable to an explanation involving
a motoric component. We decided to investigate it using the
customary approach. We proceeded to measure eve movements
as the subject attempted to follow the target in its circular path.
The results were, in fact, consistent with an eye movement ex-
planation. At slow speeds the subjects accurately tracked the
circular movement of the stimulus, whereas at intermediate
speeds subjects tended to track in a circular path with a reduced
diameter. Furthermore, the perceptual underestimates of the di-
ameter of the target track were highly correlated with the ob-
tained diameter of the tracking eye movements. As the speed of
the target increased beyond this intermediate level, more sac-
cadic eye movements began to intrude. The proportion of sac-
cadic eye movements to the outer limits of the target path in-
creased and tended to correlate with the apparent expansion of
the circle diameter outward toward veridicality. We followed the
tradition of the motor theories of perception outlined above and
concluded that the perceptual distortion was, at least in part,
caused by the systematic mistracking of the stimulus. From the
current vantage point, however, it seems likely that this conclu-
sion is a methodological and philosophical trap. It may be useful
to outline the nature of this trap.

A careful analysis of the present procedures constitutes a
good starting point. Following the methodology typical of stud-
ies that have looked for motoric involvement in illusions in the
past, our first studies used a particular illusory distortion. Next
¢ye movements were measured during the occurrence of that
perceptual distortion. The end result was the conclusion that
eye movements are correlated, in both direction and magni-
tude, with the obtained illusory effect. Note that basically all
that we had obtained at the end of that investigation was the
simple correlation between the eye movement pattern and the
percept. At the very least, it was presumptuous, if not foolhardy,
to say anything about causal relationships with only this corre-
lational data. It may be the case that eve movements do, in fact,
pravide some source of information that is eventually incorpo-
rated into the final percept, but it is also possible that the per-
ceptual distortion itself is the primary factor causing the ob-
served relationship. Thus, the perceived distortion may have
elicited the erroneous eye movements as easily as the erroneous
eye movements may have formed the basis for perceptual distor-
tion. The sad fact is that the same argument could be used to
explain away many of the results that seem to suggest that there
is an interaction between eye movements and illusions.

As another example of the same problem, consider, for in-
stance, the Mueller-Lyer illusion data discussed above. It may
well be the case that, rather than the overly long eye movements’
causing an overestimation of the shaft in the apparently longer
segment, the perception of an apparently longer line serves as
the basis for emitting the longer eye movement. The root of the
problem is that the only item of data available is the ¢correlation
between the eye movement and the percept. Methodologically,
and even more disturbing, is the fact that the eye movements
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are usually measured only after some perceptual distortion is
found. It seems as if no one has ever been able to reverse the
process, and to begin with the existence of a motoric bias, in a
system such as eye movement, and from there demonstrate the
existence of a perceptual distortion. Certainly, if there is any
causal interaction, this ought to be possible. To state this even
more forcefully, in all circumstances where the eye movements
are distorted, illusory distortions ought to be predictable.

A possible research strategy can be reformulated on the basis
of the above reasoning. To begin with, the normal procedure
will be inverted. Suppose that some set of stimulus conditions
known to produce a systematically biased set of eye movements
can be found. If it is the case that eye movements or, more spe-
cifically, the information extracted to guide the eye movements
interacts in the formation of the phenomenal percept, then one
ought to be able to predict that these systematic biases in the
eye movement patierns should be reflected as a set of biases
(distortions or illusions) in the subjective percept. Next, increas-
ing the set of constraints on the theoretical predictions, if we
find any set of parameters that will systematically alter this bi-
ased eye movement pattern, we must also predict that these pa-
rameters will cause certain changes in the conscious perception
of the array as well. Finally, a degree of generalizability should
be added to the predictions. Thus, it must be predicted that
any stimulus array that triggers this same systematically biased
pattern of eye movements should also he accompanied by the
same systematic distortion in the subject’s conscious represen-
tation of the stimulus. Therefore, if there is a causal interaction
between eye movements and perception, in any situation where
the eye movements are biased, we should expect this to be ac-
companied by a predictable illusory distortion.

Center of Gravity and Biased Eye Movements

The above predictions have broad implications. However,
they could be directly tested if some situation could be found
where eye movements are systematically biased and that bias
i8 susceptible itself to parametric manipulation. Fortunately, a
simple stimulus situation exists where biased ¢ye movements
occur. A number of years ago a series of studies was conducted
to assess the accuracy of voluntary eye movements (Coren &
Hoenig, 1972). These studies were inspired by an observation
that when the pattern of eye movements that a subject emitted,
expressed as the length of an initial saccade to a target, was re-
corded, certain arrays were found where these eye movements
were systematically in error. Actually, the stimuli that elicit
these biased eye movements are not very complex. Biased eye
movement patterns begin to manifest themselves whenever
there are nontarget stimuli in the vicinity of the target to which
the subject is trying to direct his or her eye. Suppose, for in-
stance, that the observer is viewing a central fixation point.
Next, randomly, to cither side of the fixation, a target is pre-
sented. When observers attempt to fixate this target, they tend
to be fairly accurate. At this point an extraneous stimulus is
introduced into the field. This extraneous stimulus is, for in-
stance, a second target, clearly discriminable from the first in
terms of either color or form and is located beyond the target.
In this case, there is a tendency for the initial saccade to be
longer; thus the eve tends to be pulled in the direction of the

extraneous stimulus. Suppose, on the other hand, that the extra-
neous stimulus is placed between the initial fixation paint and
the target. Under these conditions there is a tendency for the
saccade to be shorter. These findings were anticipated by Bruell
and Albee (1955) and confirmed in a more recent report by
Findlay (1981). From these observations, it was reasoned that
the spatial information controlling the length of the saccade was
not solely the locus of the target but rather some sort of estimate
of the center of gravity of ail of the stimuli in the immediate
vicinity. This conclusion is also consistent with some observa-
tions that fixation patterns tend to be affected by the global pat-
tern of stimuli present in the field (Kaufman & Richards, 1969;
Richards & Kaufman, 1969).

The tendency to emit eye movements with a bias toward the
center of gravity of stimuli in a particular region of the visual
field, rather than directly toward the target of interest, is actu-
ally a sensible adaptation to the fact that the fovea is not punc-
tate but effectively used as if it extended over several degrees.
We may define a functional fovea as a 2°-4" circle around the
center of the physiological fovea, where visual acuity is optimal.
Any target falling within this region is seen with reasonable clar-
ity. Because the function of the eye is to gather as much infor-
mation as possible about the external environment, one practi-
cal adaptation would be 1o habitually direct eve movements to-
ward regions in the visual field that contain the most visual
stimuli and, hence, the most information. This bias toward the
acquisition of the maximal amount of information possible
with each fixation might, at times, result in saccadic eye move-
ments that are not guided solely by the locus of the target the
observer is ostensibly setting out to investigate but would still
be quite adaptive.

As an example of the operation of this instrumental bias ob-
servable in eve movements, consider Figure 2A, in which the
functional fovea, that is to say the region around the fovea in
which high visual acuity is obtained, is depicted as a circle. Let
us suppose that the eye is initially fixated on some point that is
indicated by the letter F. First suppose that the individual
wishes to observe some target stimulus (7). It seems quite obvi-
ous that a saccadic eye movement would be programmed to
center the image of the stimulus 7 on the fovea. Next, the array
is altered slightly so that an additional (extraneous) stimulus
appears, here represented by the letter X near the tarpet 7.
Given the fact that the functional fovea is relatively broad, only
a slight increase in the length of the saccade would be needed
to image both stimuli on this region, as is shown in Figure 2B,
This means, of course, that clear vision of both the target T and
the extraneous stimulus X can now be abtained by the observer.
Suppose that the extraneous stimulus X is moved further away,
as in Figure 2C. Now, if the abserver lengthens the saccade a bit
more, he or she can still place the image of both targets on the
fovea. Notice, however, that there is a range beyond which
lengthening the saccade becomes nonfunctional, as in the situa-
tion shown as Figure 2D. Here, the extraneous stimulus is a
sizable distance from the target toward which the initial visual
attention was to be directed. If the saccade were made long
enough to bring X ento the functional fovea, 7" would no longer
be adequately centered in clear vision. Because 7 was the origi-
nal target of interest, toward which the eye movement was to be
directed rather than losing accurate registration of 7, the strat-
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Figure 2. A: Unbiased saccade length from a fixation point (F) to a
target (7). B-D: Alterations in saccade length for an extraneous stimu-
lus (X} placed beyond the target. E: Effect of an extraneous stimulus
between the fixation and the target.

egy of lengthening the initial saccade to pick up information
from nearby extraneous stimuli would most likely be aban-
doned in this situation. To summarize these speculations, it is
predicted that as the distance between the target and the extra-
neous stimulus increases, the saccade will lengthen up 10 a
point, beyond which it will begin to return to its unbiased
length.

Of course, the converse effect occurs if the extraneous stimu-
lus is placed between the fixation point F and the target T rather
than beyond it. In such a case, the saccade could be slightly
shortened in order to pick up additional information in the vi-
cinity of the target. This effect is shown in Figure 2E, where the
saccade length has been shortened in order to capture both the

target (7)) and the extraneous stimuius (X), which is now lo-
cated nearer to the fixation point than is the target.

The resultant pattern of lengthenings and foreshortenings
which would be predicted, as a function of locating the extrane-
ous stimuli in various positions around the target, is somewhat
like that shown in idealized form as Figure 3. In general, the
observed eye movement patterns did follow such a pattern
(Coren & Hoenig, 1972). Typically, the initial saccade length
was longer when extrancous stimuli were added beyond the tar-
get and was shorter when stimuli were present between the tar-
get and the initial fixation point. Similar patterns may be de-
duced from other observations in the literature (Bruell & Albee,
1955; Findlay, 1980, 1981; Levy-Schoen, 1974; Levy-Schoen &
Rigaut-Renard, 1979).

These results seem to be rather robust. They are not due to
poor discriminability between the target and the extraneous
stimuli, because care had been taken to make sure that the tar-
gets and the extraneous stimuli were clearly discriminable from
the target by variations in color or form. Subjects were well
briefed in advance as to the possible presence of extraneous
stimuli and were instructed to be as accurate in their eye move-
ments as they possibly could. [Corroboration of this comes
from other studies, where observers were asked to fixate the tar-
get in order to ascertain the orientation of a fine grating of lines
(Coren & Hoenig, 1972) or a gap in a figure (Findlay, 1981).]
To perform these tasks well, the subject had to center the target
in the foveal region where acuity was best; nevertheless, the
same systematic eye movement biases in the direction of extra-
neous stimuli occurred, Thus it appears that the eye movements
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Figure 3. An idealized version of the increase and decrease in initial
saccade length in the presence of an extraneous stimulus placed beyond
the target (as in Figure 2B) or closer to the fixation than the target (asin
Figure 2E) derived from data from Coren and Hoenig (1972).
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were lengthened or shortened on the basis of considerations not
amenable to voluntary conscious contral. The eye movements
themselves seem to be controlled simply by the information
pickup requirements that directed the eye toward the center of
gravity of stimuli in a given locus in the vicinity of the target
stimulus,

The importance of these findings is that they provide a simple
set of stimulus conditions where patterns of eye movements
emitted over a stimulus array can be systematically varied and
where they do not simply reproduce the veridical location of
targets in the visnal field. Innumerable stimulus configurations
can be created, which should produce a variety of biased eye
movement patterns, by merely introducing extraneous stimuli
and altering their location relative to the target elements. As
long as the intended target can fall in the area of clear vision on
the functional fovea, the eye movement will be biased toward
the center of gravity of other stimuli in the immediate surround.
As the center of gravity moves outward, or inward, the length
of the saccade emitted will correspondingly lengthen or shorten.

Returning to the theoretical issue of the relationship between
eye movement efference and the visual percept, consider the im-
plications of these findings. A situation has been isolated in
which the eye movements are systematically longer or shorter
than those that would be emitted to a target presented in isola-
tion. Suppose, as any strict efferent theory must maintain, that
the information available to the sensorium (or higher conscious
centers) is predominantly composed of the information that has
been extracted to guide motor output. If a set of configurations
or conditions is then isolated in which the motoric output is
systematically biased, it ought to be the case that the perception
of such configurations ought to also be systematically biased in
a similar manner. To place the prediction within the context of
the data discussed above, this would indicate that the percep-
tion of the location of stimuli, or extents bounded by stimuli,
that appear in the presence of extraneous stimuli ought to be
biased. Specifically, they ought to be biased in directions pre-
dictable from the location of the center of gravity in a specific
region of the visual field. Furthermore, in this form of an effer-
ent theory, we do not require the actual eye movement to be
emitted. Rather, the bias arises from the computation of the
saccade that would be made and, hence, is held in readiness,
rather than the saccade actually emitted.

Demonstration 1: Primary Center of Gravity Illusion

In the preceding section it was suggested that the incoming
afferent stimulation and the outgoing motor innervation form
a single continuous nerve process. Conscious visual perception
is simply one product of the preparation for motoric response,
in much the same manner that a preparatory tightening of some
muscle groups might be. A situation where systematically bi-
ased eye movements can be elicited has also been described. To
the extent that the analysis is correct, the same conditions that
produce these deviations in the eye movement patterns also
should produce a predictable corresponding perceptual distor-
tion. In effect, it is predicted that a hitherto unreported set of
iliusions can be created by using elements that produce system-
atically biased eye movements, namely, targets and nearby ex-
traneous stimuli.

A FOVEA CENTERED
HERE

C * X X e
Figure 4. A: A target stimulus (dot) and an extraneous stimulus {X) and
the hypothesized position of the the foveal center between them. B and
C: Primary center of gravity illusion created from this basic unit (B
represeniing an overestimation of the distance between the dots, relative
to the underestimated portion C).

This discussion will begin with the simplest stimulus unit to
create what might be called the primary center of gravity iliu-
sion. Figure 4 shows the basic component that can be used to
create a series of stimuli that should, according to the theoreti-
cal analyses above, result in perceptual misjudgment. This com-
ponent consists simply of a target (here a dot) and a clearly dis-
criminable extraneous stimulus (here an X). If the observer
were asked to fixate the dot, on the basis of the eye movement
data that have been considered thus far, the fovea should be cen-
tered, not symmetrically around the dot but displaced toward
the extraneous stimulus. In other words, the fovea should be
centered at approximately the position indicated by the arrow
in Figure 4A, Of course, given only this basic unit, no extent or
direction that should be misjudged has been defined. However,
it is easy to concatenate these basic units (composed of a target
and an extraneous stimulus) to produce an array that might
produce a measurable perceptuai distortion (see Figures 4B and
4C), Notice that in Figure 4B, two dots define a linear horizen-
tal extent. In this array the extraneous stimuli are placed in such
a position that if the observer were asked to look at the lefimost
dot and then to shift to the rightmost dot, the resultant saccade
should be longer than if the observer were asked to look at the
leftmost dot and then to shift his or her gaze to the rightmost
dot in Figure 4C. This occurs because the length of the saccade
is biased toward the center of gravity of the stimulus complexes
that serve to define the extent, as illustrated in Figure 4A. This
effect is directly predictable from the Coren and Hoenig (1972)
data depicted earlier as Figure 3. If it is the case that the data
extracted to guide such eye movements interact with the final
percept, one might expect these different patterns of eye move-
ments to result in the apparent overestimation of the distance
between the dots in the upper configuration relative to the lower.
The presence of the predicted distortion should be apparent to
the reader who attempts to compare these extents in Figures 4B
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and 4C. Most observers do see the expected distortion in the
array, with the upper extent between the two dots appearing
longer than the lower extent between the two dots.

Even though the expected illusion appears to be present from
casual viewing of Figure 4, a series of more formal measure-
ments were taken using a sampte of 20 student volunteers. They
were presented with figures equivalent to those in Figures 4B
and 4C, The dots were separated by 8 cm, and the extraneous
X was | cm from the dot. The viewing distance was 40 cm.
Subjects were asked to adjust a variable extent so that it ap-
peared to be equal to the distance between the two dots in each
of the arrays. As the theory predicted, subjects overestimated
the distance between the dots in the upper figure by 4.1 mm and
underestimated the distance in the lower figure by 3.2 mm.
Both of these differences are statistically reliable, #(19) = 4.17,
p<.0l,and {19) = 3.92, p < 0L.

The discovery of this previously unknown illusion of extent,
using only predictions made on the basis of eye movement data,
is encouraging. However, the mere existence of the illusory dis-
tortion is not enough. It must also be demonstrated that the
magnitude of this illusion can be parametrically varied by the
same factors that vary the observed eye movement biases.

Demonstration 2: Parametric Variation of the Hlusion

In its strongest form, the efferent theory being advocated sug-
gests that anything varying the efferent readinesses, or the infor-
mation extracted to guide potential eye movements, should also
vary the perception. Although the basic form of the center of
gravity bias of the eye movements allowed for the prediction of
the existence of an illusion, it is known that this bias is subject
to parametric variation, On the basis of the data schematically
summarized in Figure 3, it is known that the eye movement
biases will vary as a function of the distance between the target
and the extraneous stimulus. On the basis of that variation, it
can be predicted that the magnitude of the illusion will similarly
change. Specifically, the illusion magnitude should increase as
the distance is increased between the extraneous stimulus and
the target. This increase, mimicking the eye movement pattern,
will only continue up to some intermediate distance. It is
known that in the eye movement pattern, when it is no longer
functional to continue lengthening the saccade because too
much acuity would be lost, this strategy is abandoned, as illus-
trated in Figure 2. Extrapolating to the perceptual situation,
this implies that when the extraneous stimulus is far enough
away from the target, the distortion should be expected to then
decrease in magnitude.

To test these predictions, the configuration shown in Figure
5A was created. With an adjustable tongue and groove appara-
tus, 11 subjects were required to set the distance between the
center and the right-hand dots so that they appeared to be equal
to the distance between the center and the left-hand dots. Notice
that the left side of the configuration contains the basic distor-
tion producing stimulus, namely, a target (dot) and an extrane-
ous stimulus (X) beyond it. On the basis of the data from the
preceding experiment and the eye movement data, it was ex-
pected that the extent on the left side would be overestimated
relative to the extent on the right.

The extraneous stimulus could be located at one of seven dis-
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Figure 5. A: Stimulus used in Experiment 2 (the distance between the
pair of dots on the right is adjustable; the distance between the left pair
of dots is overestimated as a function of the distance of the extraneous
stimulus [X]). B: Systematic change in the degree of overestimation as
a function of varying the position of the extraneous stimulus.

tances from the left-hand dot. These distances were 0.25 cm,
0.5c¢m, | cm, 2 cm, 4 cm, 6 cm, or 8 cm beyond the test stimu-
lus, Of course, a control configuration in which there was no
extraneous stimulus was also used to serve as a baseline. The
obtained results are shown graphically in Figure 5B. From the
shape of the obtained curve, it is obvious that the distance be-
tween the extraneous stimulus and the target stimulus does
affect the magnitude of the illusion. The illusion increases in
magnitude up to a maximum and then decreases as the distance
between the extraneous stimulus and the target increases. This
finding exactly parallels the eye movement data schematically
presented in Figure 3. The effect of extraneous stimulus dis-
tance was statistically significant, F(7, 77) = 2.38, p < .05.
Equally as important is the fact that a significant quadratic
trend was obtained, as predicted by the eye movement pattern,
H1,77)=5.53, p < .05.

The theoretical significance of this experiment is that it indi-
cates that one can predict a set of perceptual distortions armed
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with only a knowledge of some simple biases and the pattern
of eye movements emitted across an array. Notice that the eye
movement data first suggested a new form of illusion, and then
suggested the parametric variation of the iltusory effect as stim-
ulus parameters were varied.

Demonstration 3: Relationship to
Classical Illusion Figures

Although this is a newly discovered illusion configuration, the
principles that led to its creation do allow for 2 number of state-
ments and predictions about some of the classical visual-geo-
metric illusion figures. Many of the more familiar visual-geo-
metric illusions may be analyzed into component clusters,
which also consist of target elements or loci, and extraneous
stimuli, which serve as the illusion-producing elements. For ex-
ample, consider the overestimated segment of the Mueller-Lyer
figure (the upper portion of Figure 6A). If the target loci are
considered to be the vertices defining the horizontal extent to
be judged, it is easy 10 see how the outwardly turned wings in
this figure might serve as extraneous stimuli that shift the center
of gravity outward from the vertex into the body of the angle.
The result is a stimulus array that on the basis of the predictions
from ¢ye movement data would have one expect an overly long
saccade and a corresponding overestimation of the extent be-
tween the pairs of outwardly turned wings. In effect, the Muel-
ler-Lyer configuration is theoretically equivalent to the overesti-
mated segment of the center of gravity illusion (Figure 4B).
Conversely, the inwardly turned wings will tend to shift the cen-
ter of gravity inward, thus producing conditions for underesti-
mation of Iength {lower segment of Figure 6A). Again, at the
theoretical level, this stimulus is equivalent to Figure 4C. This
classical configuration can be stripped to its theoretical essence,
demarcating only the location of vertices (targets) with dots and
replacing the wing tips (extraneous stimuli) with dots, as in Fig-
ure 6B. This minimal, or dot, variation of the Mueller-Lyer illu-
sion should, according to the analysis thus far, still produce the
classical gverestimation with the outwardly turned elements
and underestimation with the inwardly turned elements. As can
be seen from Figure 6B, the classical illusion is still obtained.
Coren (1970) has verified that the illusion still exists in this
form, although it is somewhat reduced in magnitude, suggesting
that other factors may serve to augment the basic effect. It is
possible to remove most of the line segments from a number of

A B

Figure 6. A: Standard form of the Mueller-Lyer illusion. B: a dot form
of the Mueller-Lyer illusicn, keeping only dots for the target stimuli {for-
merly the vertices) and for the extraneous stimuli (formerly the wing
tips).

A
B

Figure 7. Demonstration of the effect of wing length on the magnitude
of the Mueller-Lyer illusion, (As the wing length increases from A to B,
the overestimation increases, but the size of the distortion is weakened
if the wings are too long, as in C.)

classical illusion figures, replacing the (target) vertices and the
(extraneous) line ends with dots and still to obtain the usually
expected illusory distortions (Coren, 1970; White, 1972). These
findings are consistent with an analysis based on shifts in the
eye movement readinesses as one shifis the center of gravity of
local clusters of stimuli in these classical illusions.

The preceding paragraphs indicated that some of the same
modes of analysis that can explain the center of gravity illusion
can also be used to explain aspects of other visual-geometric
illusions. To the extent that this is true, one should then expect
that a configuration like the Mueller-Lyer also ought to be sub-
ject to the same parametric variations that alter the magnitude
of the center of gravity illusion. For instance, in the previous
section it was found that the distance between the target stimu-
lus and the extraneous stimulus affects the magnitude of the
center of gravity illusion. Within the context of the Mueller-
Lyer figure, as reanalyzed here, it is suggested that the magni-
tude of the illusion should vary as a function of the distance
between the wing tip and the vertex, or more simply as a func-
tion of varying the wing length on the figure. Thus, one should
be able to predict that as the wing length increases, the illusion
magnitude will increase up to some maximum and then de-
crease in exactly the same pattern observed in the previous ex-
periment. A simple demonstration is shown in Figure 7, which
suggests that such may be the case, Notice that as the wing
length is lengthened from Figure 7A to Figure 7B, there is a
noticeable increase in the apparent length of the horizontal
shaft. As the wing length becomes significantly longer, as in Fig-
ure 7C, the magnitude of the overestimation begins to diminish.
Thus the greatest overestimation is found for the wings of inter-
mediate length.

More formal measurement of the effect of wing length varia-
tion was obtained using a sample of eight observers. The stimuli
involved only the apparently longer half of the Mueller-Lyer
figure, with a shaft length of 6 cm and an angle between the
wings of 90°. The wing length was varied and could be 0.5 cm,
1cm, 2 cm, 4 cm, or 8 cm in length. Estimates of the apparent
length of the shaft (the distance between the two vertices) were
made using a variable line length. Subjects adjusted it until it
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Figure 8. Experimental data indicating the change in the magnitude of
the Mueiler-Lyer illusion as a function of changes in wing length.

appeared to be equal to the length of the shaft. The results of
these measurements are shown in Figure 8.

As can be seen from the figure, illusion magnitude varied as
the wing length increased, producing an inverted U-shaped
curve. This pattern of results is very similar to that obtained
for variations of the center of gravity illusion (Figure 5) and is
consistent with the suggestion that the wing tips serve as the
extraneous stimulus and the vertex as the target in this figure.
The effect of the wing length is statistically significant, F(4,
34) = 4.31, p < .01. The increased illusion magnitude for the
intermediate wing lengths is further confirmed by the existence
of a significant quadratic component, (1, 34) = 8.14, p < ,01.
This is an important extension of the analysis, because it repre-
sents a prediction made, originally on the basis of the eye move-
ment data, confirmed in the primary center of gravity illusion
and now extended to a standard, well-known illusion configu-
ration.

Demonstration 4: Angle Changes and Center of Gravity

In the preceding discussion the contribution of the wings to
the Mueller-Lyer illusion was redefined. On the basis of the the-
oretical considerations thus far, the presence of angles at the line
ends is not the critical illusion-producing factor; rather, it is the
relative horizontal distance between the wing tips and the line
end. Once the issue has been redefined in this way, a long-stand-
ing conflict in the illusion literature can be addressed. There
have been many reports suggesting that the magnitude of the
Mueller-Lyer illusion varies as a function of its angle. Unfortu-
nately, the specific pattern of variation is somewhat ambiguous.
Several investigators have reported that as the angle between the
wings becomes smaller, the magnitude of the illusion increases
monotonically (Dewar, 1967; Heymans, 1896; Lewis, 1909).
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There are, however, some discrepant reports. Some investiga-
tors have reported that the magnitude of the illusion increases
up to some maximum, usually at an intermediate angle size
such as 45° or 60° and then decreases as the angle becomes even
smaller (Auerbach 1894; Brentano, 1892; Nakagawa, 1958;
Restle & Decker, 1977). A simple resolution to these apparent
contradictions can be offered, based on a reanalysis of paramet-
ric variations in the distance between the target (vertex) and
the extraneous stimulus (wing tip) distance, which occurs with
changes in wing angles.

Consider Figure 9A, which depicts two variants of the overes-
timated segment of the Mueller-Lyer configuration. In this fig-
ure the horizontal distance between the vertex and the wing tip
for both an acute and a more obtuse angle have been marked
off. It is clear that with the wider angle the horizontal distance
between the target vertex and the extraneous wing tip is less
than when the angle is more acute. This means that the center
of gravity (roughly at the arrows) is relatively more displaced in
the acute angle. This means that the magnitude of the overesti-
mation of the illusion should be affected by changes in the angle
of the wings, a result that has been reported many times before
for this figure (see Coren & Girgus, 1978a).

An interesting and novel prediction comes out of the above
analysis, namely, that there should be a predictable interaction
between wing length and angie size. If the wing is relatively long,
then as the angle is made more acute there is a greater change
in the horizontal distance between the wing tip and the vertex
than if the wing is short. This difference can be seen in Figure
9B. Simply put, there will be a greater horizontal variation of
the center of gravity for long wings then for short. In the present
context, variations in the center of gravity result in variations
in the illusion magnitude, with an increase up to some point,
followed by a decrease. This implies that if wings of the Mueller-
Lyer iflusion are longer, so that there is a large horizontal varia-
tion in the center of gravity, then as the angle is made more
acute the inverted U-shaped function similar to that in Figure 5
should be obtained. If, on the other hand, the wing is shorter,
variations in the angle merely increase the horizental distance

Figure 9. A: Demonstration of how variations in angle size translate
into variations in the horizontal distance between the vertex and the
wing tip of the Mueller-Lyer illusion. B: Demonstration that for an
equivalent change in angle size, there is a greater variation in the hori-
zontal distance (vertex to wing tip) for longer wing lengths.
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Figure 10. Variations in the magnitude of the Mueller-Lyer illusion asa
function of changes in wing angle, for two different wing lengths.

toward the maximum without ever reaching the point where the
center of gravity is shifted sufficiently far out for the strategy of
lengthening eye movements to be abandoned. In other words,
for a short wing tip there should only be an increase in illusion
as the angle becomes more acute.

A group of 12 observers were tested for the predicted interac-
tion between wing length and angle. The apparently longer half
of the Mueller-Lyer figure was again used. The shaft length was
8 cm, and the wing length was either 2 cm or 6 cm. The angle
between the wings and the horizontal line could be 75°, 60°, 45°,
30°, or 15°. Each of the observers adjusted a variable line length
until it matched the apparent length of the horizontal extent of
each configuration.

Figure 10 shows the results of this experiment, To begin with,
notice that as the angle between the wings is made more acute
there is a gradual increase in the overestimation of the figure
when the wings are short. This results in a significant linear
trend toward increasing illusion magnitude with more acute an-
gles, F(1, 54) = 8.63, p < .01. For the longer wings, however,
where the horizontal distance between the line and the wing tip
would be expected to vary over a considerably longer distance
as the angle becomes more acute, the results are quite different.
Here the inverted U-shaped function, as predicted by the analy-
ses in the previous two experiments, is obtained. This is con-
firmed by the presence of a significant quadratic component,
F(1,54)=9.60, p < O1.

This finding helps to resolve the discrepancies between re-

ports of the effect of angle size on the magnitude of the Mueller-
Lyer illusion by pointing out that the wing length may have been
a moderator variable that influenced the final pattern of results.
More importantty, for the theory under discussion, it shows that
some fairly complex patterns of results are predictable solely on
the basis of a reanalysis of the array into components that allow
for predicting shifis in the center of gravity in local regions of
the figure and for assessing the effects that these shifts might
have on the patterns of eye movements held in readiness.

Demonstration 5: An IHusion of Location

This discussion has been directed toward the demonstration
that simple knowledge of eye movement patterns can be used
to predict 2 number of systematic variations in some new and
classical illusions on the basis of the theoretical presumption
that the pattern of eye movements held in readiness does in fact
affect visual perception. This process can be extended and used
to predict a different class of illusory effects involving not only
the perception of extent but also of direction.

Consider Figure 11A. Predictions from eye movement data
would indicate that if observers were asked to look at the end of
the horizontal shaft, they would tend to have their eyes pulled
in the direction of the wing tips, here rightward into the body
of the angle on both ends of the shaft. This is, of course, because
the wings simply serve as extraneous stimuli relative to the ver-
tex of the angle. The centers of gravity (indicated roughly by the
arrows), and hence the eye movement readinesses, should be
biased too far to the right when looking at either end of the
figure. If the eye movement tendencies are components that en-
ter into the formation of the final percept, then an interesting
illusory effect can be predicted. Although one would not expect
the length of the shaft to be distorted, because the biases are
both in the same direction, one would expect the end points,
which define horizontal extent, and hence the entire figure, to
be mislocalized in space. Simply put, the eye movement tenden-
cies will be biased toward the right side (away from the direction
in which the arrow is pointed). The entire figure should be per-
ceptually located too far to the right. Notice that this then is an
illusion pertaining to the mislocation of an object in space
rather than a simple illusion of extent.

This predicted illusion of location could be measured in one
of two ways, The simplest and perhaps most direct way is to ask
observers to indicate the position of the line ends. They should
mark the ends too far to the right, indicating an apparent shift-
ing of the figure in space. Alternatively, observers could be asked
to bisect the horizontal extent. When they attempt to do this,
they will, of course, bisect the apparent figure. If the prediction
is correct, the figure is apparently shifted toward the right; thus
the bisector, indicating the midpoint of the line, should also be
placed too far to the right.

Both of these procedures do, in fact, indicate that the figure
appears to be displaced in space (see Figure 11B). The mark on
the horizontal shaft accurately bisects the figure, yet it appears
to be too far to the left. This is consistent with the figure’s being
apparently displaced to the right. Two registration marks, per-
pendicularly aligned with the vertices of the configuration, have
been placed on the horizontal line below the figure. Notice that
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Figure 11. A: Center of gravity at both ends of the horizontal shaft is
shifted in the same direction as indicated by the arrows. B: Resultant
illusion of direction where the figure is seen as displaced too far to the
right, relative to the hatch marks on the horizontal shaft, which actually
indicate the location of the vertices; this same apparent displacement
causes the mark bisecting the shaft to appear to be too far to the left.

they also appear to be too far to the Ieft, again suggesting that
the entire figure is apparently seen as displaced toward the right,

Even though the demonstration in Figure 11B seems con-
vincing, a more formal experimental demonstration was con-
ducted 1o verify these observations. Fifteen observers were
tested on a configuration like that in Figure 11. The shaft was 8
cr long, the wings were 4 cm in length, and the angle between
the wings was 90°. At 8 cm above and below the figure was a
horizontal line parallel to the shaft of the illusion figure. Each
observer made cight judgments, either placing a pencil mark at
the apparent midpoint of the shaft or indicating the apparent
location of the two end points of the line on the horizontal line
beneath the figure. The orientation of the figures (either point-
ing toward the right or toward the left) was randomly alternated.

The results showed that the mean displacement of the appar-
ent bisector of the shaft was, in fact, displaced away from the
arrow head of the configuration. The average displacement was
3.6 mm, which is statistically significant, #(14) = 3.11, p < .01.

When the mean displacement of the figure is computed on the
basis of the indication of the location of the vertices, again the
figure is also found to be apparently displaced in a direction
away from the arrowhead for an average of 2.3 mm. This dis-
placement is statistically significant, #(14) = 2.93, p < .0235. Be-
cause both of these displacements are in the same direction, it
is assumed that they are both due to the apparent mislocation
of the figure in space and to biases introduced by the efferent
readinesses for eye movement. It is expected that for any given
subject, the magnitude of the displacement of the bisector and
the apparent displacement of the figure as measured by the lo-
cation of the line ends should be correlated. In fact, they are
quite highly correlated, r = .62, p < .01, These data taken to-
gether suggest that the predicted displacement of the figure in
space is, in fact, occurring in this configuration.

This resuit is theoretically interesting because, in addition to
verifying the predictions based on efferent readiness and the
center of gravity considerations, it shows that the same princi-
ples that allowed one to predict aspects of the percepticn of vi-
sual extent also allow one to predict aspects of the perception
of visual direction,

Demonstration 6: Breaking the Correlational Loop

That visual perception is affected by biases in the infor-
mation extraction used to guide eye movements and to compute
a set of efferent readinesses was the starting point in this analy-
sis. Next, a simple stimulus situation was found in which eye
moavements were metrically different from those expected on
the basis of accurate scanning of the stimulus array. Further-
maore, some conditions under which the eye movement patterns
could be systematically varied were specified. Then, from these
eye movement patterns a series of hitherto unreported illusions
and some systematic variations in the magnitudes of some clas-
sical illusions were predicted. Although the above performance
may seem to strongly bolster the contention that there is an
efferent component in the visual perception of extent and direc-
tion, a more dispassionate observer might argue that the basic
methodological trap characterizing all former attempts to es-
tablish a motoric component in visual perception has not been
avoided. The problem is that when one experimentally estab-
lishes that in a set of visual illusions the eye movement patterns
mimic the distorted perceptual patterns in consciousness, all
that has really been established is a simple correlation. There is
no a priori way of determining whether the distorted eye move-
ments cause the illusion distortion or whether it is the perceived
illusion that elicits the erroneous eye movements.

It could be argued that this is a somewhat stronger pasition
than that of most previous efforts, because the starting point
was a series of eye movement biases in a situation where no
perceptual distortions were formerly known to exist, and from
these, perceptual distortions and their parametric variations
were predicted. However, it could still be said that the correla-
tion between the eye movements and the percept is the only item
of data available, regardless of whether one starts from the per-
cept and works toward the eye movements or takes the converse
approach. Perhaps it is the case that any configuration produc-
ing biased eve movement patterns does so simply because any
such configuration is already producing some form of percep-
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tual distortion. Nonveridical eye movements then simply be-
come a sensitive measure of the existence of some visual iflu-
sions in the array.

Is it possible to resolve these ambiguities as to the direction
of cansality and thus break out of the correlational loop? Fortu-
nately, a rather simple manipulation promises a way to do so.
To start, note that most theories used to explain visuat illusion
are holistic in their orientation. They depend on the specific
interrelationships among components in the array. The gestalt
results in the final distortion, whether due to assimilation or
contrast effects, or the triggering of inappropriate depth pro-
cessing, and so forth (see Coren & Girgus, 1978a; Robinson,
1972).

The pattern of theorizing employed here, based on the inte-
gration of efferent readinesses into the conscicus percept, does
not depend on the figure as a whole but rather on local configu-
rational properties that affect the eye movement readinesses,
Whereas virtually all other current theories of visual illusions
would maintain that regardless of where on the array the ob-
server’s eye is dwelling the obtained pattern of distortion will
remain the same, it might well be predicted here that as the eye
moves around a stimulus array, because the relationship be-
tween the pattern of extraneous stimuli in 2 given locale may
alter, the magnitude of the various illusory distortions may also
change. If this is the case, it may give a means of separating the
eye movement control aspects from the configurational aspects
of the stimulus,

To understand how the efferent readiness patterns guiding eye
movements may change, depending on where in the array the
eye is dwelling, consider a simple example using a variant of the
primary center of gravity illusion consisting of a target and an
extraneous stimulus. Consider Figure 12A, where the eye is rest-
ing on a starting point (dot), indicated by the arrow. The broken
line indicates the primary eye movement length that one would
expect if the eye were to move to another target dot. Of course,
as discussed, the eye movement will be longer than this if there
is an extraneous stimulus (X), as in Figure 12B. Suppose that
the viewing situation is slightly different and the eve is already
accurately centered on a target next to an extraneous stimulus,
as shown in Figure 12C. In this case, although the configura-
tional properties in the stimulus are the same, the eye move-
ment readinesses are computed on the basis of a movement to
an isolated target rather than a target in the vicinity of an extra-
neous stimulus. Therefore, it seems reasonable to expect that
the eye movement readiness would produce a saccade that more
accurately reflects the actual angular extent shown in Figure
12C than it would in Figure 12B, To the extent that the initial
set of efferent readinesses evoked by the stimulus are reflected
in the conscious percept, it is suggested that despite the fact that
the stimulus arrays are the same (only laterally mirror imaged
here for convenience) in the first situation, one would expect an
illusory overestimation of the distance between the two dots,
whereas in the second case, one would expect that the distortion
would be greatly attenunated or perhaps eliminated. According
to an efferent theory, where part of the perception of the size of
the span between the dots depends on the eye movements held
in readiness, the presence or absence of the illusory distortion
will depend, in part, on the location of the eve on the stimulus
array because this can alter the efferent readinesses evoked by
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Figure 12. Effect of eye position in the array on eye movement read-
inesses. The eye movement held in readiness is longer than the unbiased
movement, A, only in a situation such as B, where the saccade is pulled
toward the extraneous stimulus (X). In the situation where the extrane-
ous stimulus is part of the configuration but not relevant for the eye
movement held in readiness, C, ne distortion in saccade length occurs.

the stimulus configuration. On the other hand, if the global con-
figurational properties produce the perceptual distortion
(which in turn later evokes the erroneous eye movements), the
distortion in the perception of visual extent will exist, regardless
of where in the stimulus array the eye dwells.

This notion was tested using the overestimation segment of
the center of gravity illusion, similar to those shown in Figure
12. The distance between the two dots defining the horizontal
extent was fixed at 8 cm. For half of the trials, the observer’s task
was to maintain fixation on the leftmost dot in the configuration
(indicated by arrows in Figure 12), and for the other half of the
trials the observer was to maintain fixation on the rightmost dot
in the array. An extrancous stimulus consisting of a red X (with
each arm equal to 5 mm) could either be placed in proximity to
the fixation point (as in Figure 12C) where it would be relatively
irrelevant to the size of the eye movement held in readiness to
fixate the other target dot delineating the test extent, or it could
be placed in proximity to the target stimulus (as in Figure 12B)
where its placement should bias the efferent readiness toward
emission of an overly long saccadic eye movement. The distance
between the extraneous stimulus and either the fixation point
or the final target point was varied and could be either 2 cm,
4 cm, or 6 cm (plus a control condition with no extranecus
stimulus).
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Figure 13. Data revealing a systematic change in the magnitude of the
overestimation of linear extent as a function of the distance of the extra-
neous stimulus for conditions where the eye movement tendencies are
biased (as in Figure 12B), but not for the same configuration where the
eye is placed in a position where the cye movement readiness would not
be biased (as in Figure 12C).

Subjects viewed the stimuli with their heads immobilized in
a head and chin rest. In front of them was a small shelf, under
which their hands rested, out of sight. Affixed to the underside
of this shelf was a millimeter scale. Subjects made their percep-
tual judgments as to the length of the distance between the dots
by holding their forefingers against this scale, separating them
by a distance equivalent to the apparent test extent. Two mea-
sures were taken for each extraneous stimuius placement and
fixation condition.

In the condition where the eye movements would be expected
10 be biased (Figure 12B), an overestimation of the target
length, relative to that which should be obtained when no extra-
neous stimuli are present, would be expected, whereas in the
situation where the placement of the extraneous stimulus
should not bias the eve movement toward the distal target (Fig-
ure 12C), no distortion, or at least an attenuated distortion,
would be expected. Twelve observers were tested under these
conditions, and the results are shown in Figure 13.

Notice that in the biased eye movement condition (such as
Figure 12B shows), the magnitude of the illusion obtained is
considerably greater than that obtained for the unbiased situa-
tion in which the placement of the target is next to the fixation
(e.g., Figure 12C) as predicted by efferent considerations. The
difference in illusion magnitude as a function of the location of
the eye in the array is significant, F{1, 44) = 7.51, p < .01. Al-
though the illusion is much greater in the biased placement, it
is not completely absent in the irrelevant placement, probably
because the eyes tend to drift off of the fixation point somewhat,
hence evoking the necessity to saccade back to the initial fixa-
tion point and, hence, of course, the appropriate efferent readi-
nesses toward overestimating the extent. Of particular interest
is the fact that the size of the illusory distortion does vary qua-
dratically with the distance between the target and the extrane-
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ous stimulus, as expected on the basis of the above reasoning.
This quadratic component is significant for the condition in
which the placement of the extraneous stimulus would be ex-
pected to bias the saccade toward an overly long eye movement,
H(1, 44) = 5.57, p < .03, but does not achieve statistical signifi-
cance in the condition where the placement of the extraneous
stimulus is relatively irrelevant, £(1, 44) = 2.16. For the biased
eye movement readiness conditions, the pattern of results is
quite similar in magnitude and form to those depicted for the
primary center of gravity illusion in Figure 5, while little effect
is manifest for the unbiased eye movement condition.

The importance of these findings is that they seem to provide
a release from the limitations associated with the correlational
aspects of the data presented previously. These data clearly
show that the existence of the predicted distortion does not de-
pend solely on the configurational aspects of the array. Because
eye position varies the pattern of responses held in readiness, a
theory in which the percept reflects the set of efferent readi-
nesses should predict that the magnitude of an illusory distor-
tion might also vary as a function of eye position in the array.
This prediction suggests that the controlling sequence moves
from the motoric to the perceptual in direction, rather than
from the perceptual to the motoric. This seems to imbue the
motoric components of the process with some priority, thus
moving beyond the simple correlational loop that has character-
ized earlier work in this area.

Demonstration 7: Attentional Factors

An interesting issue that may be related to the preceding set
of findings pertains to attentional considerations. When an indi-
vidual is said to be paying attention to a given set of stimuli, one
might hypothesize that what is really meant is that this individ-
ual is prepared, or ready to respond, to that set of stimuli. On
the other hand, not paying attention 1o a given set of stimuli
is equivalent to not having a set of efferent commands held in
readiness for that particular stimulus. In other words, attending
to or not attending to a given set of stimuli has some of the
same components as perceiving or not perceiving a given set of
stimuli, in that attention implies the evocation of a particular
set of efferent readinesses. Operationally, this implies that an
alternate way to illustrate the operation of efferent readi-
nesses on perception would be to hold configurational proper-
ties constant and to shift only attention, If such attentionat shifts
produce changes in the perception of direction and extent, then
they provide some convergent evidence for the present theoreti-
cal position.

A study conducted by Coren and Porac (1983) bears directly
on this issue. It seems to show that by manipulating efferent
readinesses, via the direction of an observer's attention, one can
produce a systematic change in the amount of illusory distor-
tion obtained in a variant of a classical illusion configuration.
They used a configuration that contains both the over- and un-
derestimated segments of the Mueller-Lyer illusion, presented
in a confounded form. Using this array, they were able to dem-
onstrate that the very existence and direction of the illusion de-
pended on the attention paid to parts of the array (and hence,
according to this analysis, the readiness to respond to parts of
the array).
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Figure 14. Composite figure (A) containing two variants of the Mueller-
Lyer illusion (B and C). (Directing attention to the solid lines causes the
distance between the dots on the left side to appear shorter than the
distance between those on the right, whereas directing the attention to
the broken lines reverses the illusion.) D: Simplified version, permitting
only a single over- or underestimation as a function of which pair of
wings is attended to (after Coren & Porac, 1983).

To understand how attentional shifis relate to the formation
of percepts embodying direction or extent, consider one con-
figuration used by Coren and Porac (1983). This figure is shown
as Figure 14A. According to any current theory of illusion for-
mation, there is no reason to expect any distortion if subjects
are asked to judge the distances between the dots centered in the
three X-like components making up the figure, under normal
viewing conditions. The distance between the right-hand pair
and the lefi-hand pair of dots should be the same. To create
an illusion in this array, one must first bias the set of efferent
readinesses. This may be accomplished by an attentional shift.
To see how this may be done, first notice that one half of each
X is composed of an angle made up of two solid lines, whergas
the other half is composed of an angle made up of two broken
lines. This device actually allows two opposite Mueller-Lyer il-
lusions to be embedded in the same configuration. One consists
of the Brentano variant of the illusion made up of solid lines
(Figure 14B), where subjects would be expected to see the dis-
tance between the left pair of dots as shorter than the distance
between the right pair of dots. The other is the inversion of this
figure made up as broken lines (Figure 14C) where the reverse
illusion occurs and the distance between the left pair of dots
now appears longer.

It is easy to predict the Mueller-Lyer illusion seen in Figures
14B and 14C on the basis of a recognition that the wings are
merely serving as extraneous stimuli that shift the center of
gravity of the stimuli region near the target stimulus (here the

vertex) and bias the set of eye movements held in readiness,
as analyzed carlier. In Figure 14A, however, because the two
configurations coexist and the array of extrancous elements is
symmetrical around the target stimulus, the biases tend to offset
one another. However, by directing the observer’s attention to-
ward one or another of the sets of wings, the relative salience of
one set of efferent readinesses relative to the others may be
shifted. If the observer looks at Figure 14A and simply confines
his or her attention to the solid lines (thus ignoring the dashed
lines), the same distortion found in Figure 14B immediately
appears: The right horizontal extent appears longer than the left
horizontal extent, Suppose the observer attends to the broken
lines, ignoring the solid ones: The left horizontal extent appears
to be longer than the right. Thus, shifting attention and, hence,
shifting the set of responses held in readiness creates a system-
atic pattern of distortion in this formerly undistorted figure.

The existence of this attentionally dependent distortion was
verified in formal measurements by Coren and Porac (1983),
using a simplified version of this array shown in Figure 14D.
This figure was either aver- or underestimated according to
whether the observer’s attention was directed to the in-turned
or the out-turned wings. This result is consistent with the idea
that by direction of attention toward a particular set of nontar-
get stimuli, the set of efferent readinesses evoked to guide the
eye movements over the array become biased in the direction of
these stimuli. Because the final percept depends on the pattern
of efference held in readiness, the percept is also biased, thus
leading to the perceptual distortion.

Although the arguments above seem, at least at a logical level,
to link efferent readinesses to shifts in attention, one would like
some additional evidence verifying that the existence of the mo-
toric bias is correlated with both the perceptual and the atten-
tional biases. To do this, an array similar to that presented in
Figure 14D was used. Although this latter figure employs bro-
ken and continuous lines, in the actual stimulus both halves of
each X-like component were constructed of continuous lines,
differing only in color (a green-yellow [GY] and a yellow-red
[YR], with Munsell equivalents of 7.5 GY 7/10and S YR 7/10
respectively). Each of the wings of the X were 2 cm long, and
the target dot was black, | mm in diameter. The stimulus sub-
tended a visual angle of 18° and was viewed by eight subjects
whose heads were immobilized in a head and chin rest. Hori-
zontal eye movements were recorded using an infrared reflec-
tion system, which produces a resolution of approximately 3¢/
of arc under these conditions.

Subjects were required to systematically scan the two ends of
the figure trying to fixate the black central target as accurately
as possible. Attention was varied by directing subjects to pay
attention to the wings of one color and to ignore the other.
Twelve measurements were taken under each viewing instruc-
tion in mixed blocks of six.

Data were scored in terms of the length of the initial saccade,
inasmuch as this is the best index of the eye movement held in
readiness. The expectation is, of course, that the set of efferent
readinesses will be affected by the attentional set of the observer,
The eye movements should then be longer when attending to
the outwardly turned wings (e.g., the broken lines in Figure
14D) than when attending to the inwardly turned wings (e.g.,
the solid lines in Figure 14D). This then would indicate a set
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of efferent readinesses that are consistent with the observer's
judgment of apparent length under these conditions. This result
was obtained. The mean length of the eye movement when at-
tending to the outwardly turned wings was 19.6°. Cantrast this
to an average saccade length of only 16.7° when attending to in-
turned wings. This difference is statistically significant, #7) =
3.14, p < 02. The fact that the subjects were trying to fixate the
target dot as accurately as possible, even given the attentional
instructions, is demonstrated by the fact that in 94% of the tri-
als, when the length of the saccade over- or undershot the target
dot by 2° or more, there was a corrective flick back toward the
target within 350 ms.

In this last demonstration data again are found that support
an efferent component in the perception of extent. This demon-
stration indicates that by altering an observer’s atientional set,
the pattern of eye movements held in readiness can be systemat-
ically altered. As observation of Figure 14A and the data of
Coren and Porac (1983) indicate, these same conditions also
alter the perception of extent for this stimulus array, Thus, de-
spite the fact that the visual stimulus has remained unchanged,
changing the response readinesses changes the conscious per-
cept. Taken in conjunction with the previous demonstration,
this suggests that anything altering the motoric tendencies held
in readiness when viewing a stimulus may also alter the percep-
tion of that stimulus.

Efferent Contributions to Visual Perception

This discussion was begun by pointing out that well over a
century ago a number of psychologists began to entertain the
notion that the incoming afferent stimulation and the outgoing
motor innervation were part of a single continuous process with
no point of separation between them. The evidence on which
this was based involved a strong correlation between eye move-
ments and the conscious perceptual representation of the stimu-
lus, especially in illusion-type situations where the percept
differed systematically from the physical reality along some di-
mension. These original notions have been modified here to
suggest that the demands of the motoric system bias the infor-
mation selected and its encoding. Afferent inputs are encoded
into a set of efferent readinesses in order to guide subsequent
motor activity. The conscious percept is based, at least in part,
on this set of motoric responses held in readiness rather than
on unprocessed, raw afferent sense data.

This research began with the observation that when observers
are asked to view a target that appears in close proximity to
extraneous stimuli, initial saccadic eye movements are some-
what biased toward the center of gravity of stimuli in the target
vicinity, This eye movement bias results in predictable biases in
perception. Those stimulus parameters that systematically bias
the saccadic eye movement pattern were isolated, and a set of
configurations that produced eye movements that manifested
particular constant errors was created. Through extrapolating
from the eye movement data, it was possible to predict 2 new
set of illusions. Furthermore, the magnitude of these illusions
varied parametrically with stimulus variations that affected the
eye movement pattern. Five of the demonstration experiments
that were presented not only showed the existence of a new class
of illusions but also predicted some variants of classical visuai—

geometric illusions. In the last two demonstration experiments
it was shown that the theory involves more than merely a corre-
lation between eye movements and perception. Rather these
demonstrations indicate that the manipulation of response
readinesses seems to have a certain causal priority over the per-
cept. In these, while keeping the configuration constant, it was
shown that the magnitude of the predicted illusory distortions
couild be varied by altering the pattern of eye movement readi-
ness through shifts in the point of fixation within the array or
changes in the distribution of attention,

One point ought to be made as the analysis is concluded. It
is not being suggested that the location of a stimulus, or the
conscious representation of 2 distance, is solely determined by
motoric factors, nor is the contention being made that the
source of all of the distortion observed in visual-geometric illu-
sions arises from a biased set of efferent readinesses held in con-
sciousness. Such a contention would be far too strong and
would be completely at variance with the work done over the
past 15 years suggesting that a multiplicity of factors contribute
to these nonveridical percepts, including refractive factors in
the optical system of the eye, lateral neural interactions on the
retina, cognitive contrast or assimilation, inappropriate pro-
cessing of two-dimensional arrays as if they were three-dimen-
sional, and a myriad of other processes occurring at various
levels within the perceptual system. As has been pointed out in
many places, the distortions arising from these various levels
tend to additively combine to form the final illusory percept
(Coren & Girgus, 1978a, 1978b; Coren, Girgus, Ehrlichman, &
Hakstian, 1976; Coren & Porac, 1983; Coren & Ward, 1979).
On the other hand, the findings presented here do indicate that
there is some systematic motoric contribution to these distor-
tions and, hence, also to the perception of direction and extent
in more typical, nonillusion situations.

It is difficult, given the nature of most contemporary theoriz-
ing about perception, to accept the fact that nonvisual compo-
nents, such as maotoric responses held in readiness, may con-
tribute to the metric properties of the final visual impression in
consciousness. Muensterberg attempted to clarify this difficulty
in 1914, when he wrote:

According to the popular view, a world of impressions and ideas
exist in us, entirely independent of our actions, and when they are
complete and perfect, they send their message to some motor appa-
ratus which carries out the order. Such a fancy must be entirely
reversed. [n every moment, the motor situation decides the possi-
bhilities in the sensory sphere. Our ideas are the product of a readi-
ness to act. . . . We all perceive the world just as far as we are
prepared to react to it. . . . We know that the stimulus coming
from different points of space awakes different reaction move-
ments. . . . May it not be that in all these cases, too, the character
of the processes in the motor spheres has influence on the preceding
sensorial excitement and gives a special shading to the mental im-
pression which leads to those actions? (pp. 140-142)

It is this “shading™ of the percept, causing slight biases and
misperceptions, that seems to be the nature of the motoric in-
teraction, Awareness is a dynamic process. It can be viewed
much like a busy railway station in which the incoming afferent
stimulation is represented by the incoming trains and the effer-
ence is represented by the outgoing trains. Consciousness is the
traffic pattern occurring within the station. Certainly the occur-
rences in such a large railway station can never be understood
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as long as only the incoming trains are studied and one does not
pay attention to the outgoing trains. The directions taken by
these incoming trains depend on the clearing and blocking of
available tracks within the station and on the direction the out-
going trains are to take when they depart. Such activity will tend
to bias the arrival platforms of any one train. In much the same
way, what goes on in one’s mental life depends on the clearing
and blocking and switching of tracks for reaction. Both the in-
put and the output affect the total response. Thus, although one
must not conclude that knowledge of the motoric output is
sufficient to determine what the final percept is, one must sim-
ilarly recognize that knowledge of incoming stimuli will not
suffice. Knowledge of both the afference and the resulting pro-
cessing used to guide the efferent responses is required to obtain
an accurate assessment of how one arrives at conscious impres-
sions of the location of extents of objects in the visual world.
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