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The dependence of cyclofusion on orientation

A

Figure 1. It is best to use a stereoscope to examine these two
stereograms. There is some evidence that fosion by overconver
gence may force a cyclovergence (Knkling, 1971), although the
described effects are still clearly evident when fusion through over
convergence is employed. (a) This stereogram has been adapted
from Wheatstone (1851). Each half image contains a single line
rotated about its center by 4 deg from vertical; the directions of
rotation are opposite for the two eyes. Stereoscopic presentation
of this figure should reveal a single Hnethat is close to vertical and
tilted in depth. (b) When this stereogram is fnsed, a single vertical
contour should be seen as for Figure 1a. However, the near·
horizontal elements (each 4 deg from horizontal) do not fuse and
may even engage in binocular rivalry.

then the near-vertical and near-horizontal retinal
image components of the cross should fallon the
(cyclorotated) vertical and horizontal meridians of
each retina. The perceptual outcome of this would be
a fused cross tilted in the frontoparallel plane. On the
other hand, if fusion were to occur, then it would be
expected that the vertical arms of the crosses would
fuse (because the horizontal disparity associated with
these components is within the limits of fusion; see
O'Shea, Note 1). The horizontal arms would not fuse,
because the vertical disparity associated with these
components would not allow fusion (O'Shea, Note 1).

If Figure 1b is observed stereoscopically, the resul
tant percept consists of a single vertical component,
tilted in depth toward the observer, and two unfused
near-horizontal components that may even demon
strate binocular rivalry. We have presented this dis
play to a large number of observers (both naive and
experienced in viewing stereoscopic material), all of
whom reported this latter mixture of fusion and non-
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With his invention of the stereoscope in 1833,
Wheatstone showed dramatically that singleness of
vision does not necessarilyinvolvestimulation of cor
responding retinal points in the two eyes (e.g.,
Wheatstone, 1852). He found that when each eye is
presented simultaneously with contours rotated by
small but opposite amounts from vertical, a single
contour is seen. This single contour has an orienta
tion that is between those of the two monocular dis
plays (allelotropia, Nelson, 1975) and is, moreover,
seen as tilted in depth (see Figure la). There is some
debate as to the manner in which such binocular cy
clofusion occurs. Some authors (e.g., Ogle, 1950;
Veronneau-Troutman, 1972) propose that the two
eyesrotate about their respectivelines of sight (cyclo
verge, according to the terminology of Burian &
von Noorden, 1974)in response to the dichoptic dis
play. The result of these cyclovergenteye movements
is to cause the dichoptic retinal stimuli to fallon cor
responding retinal areas. The impression of depth
must then arise from some other mechanism (e.g.,
afference from the extraocular muscles mediating the
cyclovergence). Others (e.g., Kertesz, 1971, 1972,
1973a, 1973b; Nelson, 1975) assert that binocular
fusion is neural in nature. Specifically, Barlow,
Blakemore, and Pettigrew (1967) argue that although
retinal areas may be geometrically noncorrespond
ing, they are neurally corresponding in that the areas
form the separate monocular receptive fields of the
same binocular cortical neurons. Such disparity de
tectors are optimally activated by simultaneous stim
ulation of the noncorresponding monocular receptive
fields, and may form the neural substrate of stereop
sis. Analysis of the scatter of such receptive fields
indicates that binocular cortical neurons in the cat
accept much larger horizontal than vertical dispari
ties (Barlow et at, 1967). In this note, we provide
a demonstration that shows differences in the ability
of the human visual system to accept horizontal and
vertical disparities, and supports the fusion rather
than the cyclovergenceexplanation.

The stereogram shown in Figure 1b is a cross ro
tated by equal (4 deg) but opposite amounts in the
left and right eye fields. If cyclovergence took place,
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fusion. The above demonstration supports the notion
that binocular fusion is neural in nature.' Of course,
it does not disallow a small amount of cyclovergence
(Crone, 1971; Sullivan & Kertesz, 1978); the crucial
point is that cyclovergence must affect each arm of
the cross equally. Therefore, the eye-movements hy
pothesis fails to explain the markedly different per
cepts for the horizontal and vertical components of
the cross.

It has long been known that the fusional range for
near-vertical contours is much greater than for near
horizontal contours (Beasley& Peckham, 1936). This
has also been explained in terms of the ability of
the two types of stimuli to evoke cyclovergence (Ogle,
1950). However, an alternative explanation is sup
ported by physiological evidence of the larger hori
zontal than vertical disparity values that can be ac
cepted by binocular cells (Barlow et al., 1967). The
simple demonstration in Figure 1b is consistent with
these physiological data. The vertical arms of the
dichoptic crosses are within the putative disparity
tuning range of binocular cells, and are therefore
signaled by these cells. The horizontal arms are un
able to be processed by neurons sensitiveto disparity
and, indeed, produce binocular rivalry.
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NOTE

1. There is another explanation for the percept in terms of sup
pression theory as developed by Kaufman (1974). It is possible
that there was selective suppression of the vertical arms but not of
the horizontal arms. However suppression theory is unable to ex
plain the depth in the display or the allelotropia (despite the in
vocation of fixation disparity to explain allelotropia in stimuli
containing only one value of horizontal disparity).
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