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The term “venetian blind effect” was first
coined by Cibis and Haber (1951) to
describe a phenomenon in which a black
and white vertical grating (Figure 1A)
viewed with a neutral density filter over
one eye, appears as a set of white slats,
each one slanted around a central ver-
tical axis appearing nearer on the side
with the filter. A source of confusion is
that Ogle (1962) renamed it “irradiation
stereoscopy” and the term “venetian blind
effect” has also been applied to another
phenomenon. When gratings of different
spatial frequency are presented to the two
eyes, the pattern may break up into local
slanted regions rather than slanting as
a whole. This case has obvious horizontal
disparity between the images and the ques-
tion is how this pattern of disparities is
organized under different combinations of
spatial frequency. This is worthy of inves-
tigation. However, the original venetian
blind phenomenon and the only one we
discuss here, is much more mysterious and
interesting because there is no horizontal
disparity introduced by imposing a

FIGURE 1 | (A) Demonstration of the venetian blind effect. When viewed with a neutral density
filter (or polarized sunglasses) covering one eye, the white bars appear to slant in the direction
toward the covered eye. (B) The deviation between the horopter (red lines) tangent to the
Vieth-Müller circle, and the normal (blue lines) which is at right angles to the line of sight, increases
with increasing visual field eccentricity. In central vision the tangent and the normal coincide.

luminance or contrast difference between
the two eyes’ views.

The venetian blind effect has been
almost universally attributed to early neu-
rophysiological processes such as irradi-
ation or blur (Münster, 1941; Cibis and
Haber, 1951; Ogle, 1962; von Békésy,
1970). Although there is no disparity in
the distal images presented to the left and
right eyes, processes such as irradiation
could introduce physical image differences
at an early processing stage with a resulting
horizontal disparity. The degree of slant
perceived does increase with the magni-
tude of the luminance difference in the two
eyes (Cibis and Haber, 1951). However,
experimental work to date (which has been
limited) does not support these theories
(Filley et al., 2011; Dobias and Stine,
2012) and the effect remains a mystery.
Filley et al. (2011) have recently proposed
a model in which depth is assigned to
monocular edges and modulated by the
inter-ocular difference in intensity (see
also Hetley and Stine, 2011). Here we take
a different approach from previous work

and propose a mid-level explanation for
the venetian blind effect. Of course this
does not rule out complementary physio-
logical explanations.

There is another binocular phe-
nomenon associated with introducing a
very large luminance difference between
the two eyes’ images of a fusible binocular
stimulus—“binocular luster.” Helmholtz
(1910) attributes luster to the fact that
only a surface with a bias to reflect light
in a particular direction can produce dif-
ferent luminances in the two eyes. One
eye can be “in the direction where the
light is reflected while the other is not.”
Only a lustrous object will reflect light in
such a highly directional fashion. A dull
object will reflect light equally in all direc-
tions. Hence an otherwise fusible surface
with a luminance difference will appear
lustrous. Helmholtz’s theory of luster is
an example of his ecological approach to
stereopsis in marked contrast to Hering’s
sensory approach. Can we apply a similar
ecological analysis to the venetian blind
effect?

In the venetian blind effect each white
strip appears slanted toward the eye with
the filter (Figure 1A). Under what set of
binocular stimulus conditions would this
occur? Frontal plane surfaces in front of
the eyes would reflect approximately equal
amounts of light in the directions of the
two eyes. However, a slanted surface would
reflect more light into one eye than the
other. The eye that is more normal to
the slanted surface would receive more
light than the eye that is more obliquely
positioned. Hence relative luminance in
the two eyes could be regarded as a stereo-
scopic slant cue, indicating that the sur-
face is slanted away on the brighter side,
i.e., the side without the filter. The greater
the difference in luminance, the greater
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the slant would have to be to account
for it. (The luminance differences in the
venetian blind effect are never as great as
the extreme differences that give rise to
luster). Only the white slats would have
this property. As the alternate slats are
black they would not register the effect
of the filter, hence the slant is induced
only in the white slats. The black slats
are, however, sometimes seen slanted in
the opposite direction. This could simply
be extrapolation from the perceived depth
of the edges they share with the white
slats.

This situation could be regarded as a
conflict because the slats have no binocu-
lar disparity so should not appear slanted
even though the luminance information
is consistent with slant. Dobias and Stine
(2012) note the contrast disparity in the
venetian blind effect and suggest that it
could possibly be used for slant percep-
tion at distances where horizontal con-
tour disparity is no longer useful, although
Allison et al. (2009) have shown that dis-
parity gradients influence slant perception
up to distances of at least 9 m. However,
slant around a vertical axis on the basis
of disparity gradients alone is actually
problematic even at relatively close dis-
tances. It is usually underestimated and
takes time to resolve (Gillam et al., 1984,
1988; van Ee and Erkelens, 1996). This
has been attributed to its ambiguity with
respect to azimuth (eccentricity relative
to the median plane) (Mitchison and
Westheimer, 1990; Gillam, 1993). A frontal
plane surface centered on the median
plane will produce the same disparity gra-
dient as a slanted surface to the side of the
median plane. This ambiguity may lead
the visual system to rely on other slant
information, or it may be disambiguated
by information associated with varia-
tions in azimuth such as vertical dispar-
ity (Mayhew and Longuet-Higgins, 1982;
Gillam and Lawergren, 1983). However,
there has also been a suggestion that the
slant of a surface around a vertical axis
may be disambiguated by comparing the
angular deviation of its disparity gradient
from the horopter to its deviation from
the normal to the line of sight on the
basis of perspective information (Gillam,
1993). The important insight relevant to
the present analysis is that the horopter,
the frontal plane and the normal coincide

in central vision but not in eccentric vision
(see Figure 1B). Thus, information that a
surface is on the horopter (i.e., has no
horizontal disparity) does not necessarily
mean that it has no slant relative to either
the frontal plane or the normal, which in
central vision would produce luminance
differences in the two eyes. Thus, it is quite
possible for a slanted surface to have both
a luminance difference (reflecting a slant
relative to the frontal plane or the nor-
mal) and to have zero disparity. This would
only occur for an eccentric surface, but
resolving information in this way would
not necessarily lead to the perception that
the surface is eccentric. It is already known
that the stereo azimuth cue of vertical dis-
parity that results in processing a surface
as if it were eccentric (for example in the
induced effect) does not result in seeing
the surface as off to the side (Banks et al.,
2002).

Although shape from shading is a well-
known depth cue and is often considered
together with disparity in cue integration
models, the idea of shading disparity is dif-
ferent and rarely considered. Bülthoff and
Mallott (1988) are some of the few to con-
sider its role. They found that the presence
of shading disparity as opposed to shape
from shading (shading identical in the two
eyes) added significantly to the perceived
depth of ellipsoid shapes. Even though this
situation is very different from the vene-
tian blind effect it does show in a different
context that a mechanism exists for relat-
ing binocular luminance differences and
depth.

We have discussed two ways in which
luminance differences could underlie the
slant perceived in the venetian blind
stimulus. Firstly, luminance informa-
tion consistent with slant could conflict
with and dominate ambiguous disparity
information. Alternatively, the luminance
difference could disambiguate the slant
by causing processing of the surface as if
it were in an eccentric position where a
zero disparity surface could be slanted
in a direction consistent with a lumi-
nance difference between the two eye’s
views.

It is obvious from looking at the
line stereograms of Wheatstone (1838),
with which he first demonstrated stere-
opsis, that he saw stereopsis not as a
response to horizontal disparity alone

but as an ability to interpret the differ-
ences in the perspective views of the two
eyes of objects in depth. His drawings
included horizontal disparity, but also ori-
entation curvature, spatial frequency dis-
parity, vertical disparity, and monocular
regions, all of which have been studied in
recent years especially since the application
of a mid-level approach to the study
of binocular vision. The venetian blind
effect suggests that surface luminance
disparity may also play a role in depth
perception.

REFERENCES
Allison, R. S., Gillam, B. J., and Palmisano, S. A.

(2009). Stereoscopic discrimination of the layout
of ground surfaces. J. Vis. 9, 1–11. doi: 10.1167/
9.12.8

Banks, M. S., Backus, B. T. and Banks, R. S. (2002).
Is vertical disparity used to determine azimuth?
Vision Res. 42, 801–807. doi: 10.1016/S0042-
6989(01)00283-8

Bülthoff, H. H. and Mallott, H. A. (1988). Integration
of depth modules: stereo and shading. J. Opt.
Soc. Am. A 5, 1749–1758. doi: 10.1364/JOSAA.5.
001749

Cibis, P. A. and Haber, H. (1951). Anisopia and per-
ception of space. J. Opt. Soc. Am. 41, 676–677. doi:
10.1364/JOSA.41.000676

Dobias, J. J. and Stine, W. W. (2012). Temporal
dynamics of the Venetian blind effect. Vision
Res. 60, 79–94. doi: 10.1016/j.visres.2012.
02.013

Filley, E. T. Khutoryansky, N., Dobias, J. J. and
Stine, W. W. (2011). An investigation of
the venetian blind effect. Seeing Perceiving
24, 241–292. doi: 10.1163/187847511X
580366

Gillam, B. (1993). Stereoscopic slant reversals: a new
kind of “induced” effect. Perception 22, 1025–1036.
doi: 10.1068/p221025

Gillam, B., Chambers, D. and Russo, T. (1988).
Postfusional latency in stereoscopic slant per-
ception and the primitives of stereopsis. J. Exp.
Psychol. Hum. Percept. Perform. 14, 163–175. doi:
10.1037/0096-1523.14.2.163

Gillam, B., Flagg, T. and Finlay, D. (1984). Evidence
for disparity change as the primary stim-
ulus for stereoscopic processing. Percept.
Psychophys. 36, 559–564. doi: 10.3758/BF0
3207516

Gillam, B. and Lawergren, B. (1983). The induced
effect, vertical disparity, and stereoscopic the-
ory. Percept. Psychophys. 34, 121–130. doi:
10.3758/BF03211336

Helmholtz, H. (1910). Handbuch der Physiologischen
Optik, 3rd Edn., Vol. 3. Trans. J. P. C. Southall, 1962
(New York, NY: Dover), 513.

Hetley, R. S. and Stine, W. W. (2011). Partitioning
contrast or luminance disparity into perceived
intensity and rotation. Seeing Perceiving
24, 315–350. doi: 10.1163/187847511X
584461

Mayhew, J. E. W. and Longuet-Higgins, H. C.
(1982). A computational model of binocular

Frontiers in Psychology | Perception Science December 2013 | Volume 4 | Article 908 | 2

http://www.frontiersin.org/Perception_Science
http://www.frontiersin.org/Perception_Science
http://www.frontiersin.org/Perception_Science/archive


Gillam and Wardle A mid-level explanation for the venetian blind effect

depth perception. Nature 297, 376–378. doi:
10.1038/297376a0

Mitchison, G. J. and Westheimer, G. (1990). “Viewing
geometry and gradients of horizontal disparity,”
in Vision Coding and Efficiency, ed C. Blakemore
(Cambridge: Cambridge University Press),
302–309.

Münster, C. (1941). Ueber den einfluß von helligkeit-
sunterschieden in beiden augen auf die stere-
oskipische wahrnehmung. Z. Sinnesphysiol. 69,
245–260.

Ogle, K. N. (1962). “The optical space
sense,” in The Eye, Vol. 4. ed H. Davson
(New York, NY: Academic Press),
302–303.

van Ee, R. and Erkelens, C. J. (1996). Temporal
aspects of binocular slant perception. Vision Res.
36, 43–51. doi: 10.1016/0042-6989(95)00078-E

von Békésy, G. (1970). Apparent image rotation
in stereoscopic vision: the unbalance of the
pupils. Percept. Psychophys. 8, 343–347. doi:
10.3758/BF03212605

Wheatstone, C. (1838). Contributions to the physiol-
ogy of vision.–part the first. on some remarkable,
and hitherto unobserved, phenomena of binocular
vision. Philos. Trans. R. Soc. Lond. 128, 371–394.
doi: 10.1098/rstl.1838.0019

Received: 01 November 2013; accepted: 15 November
2013; published online: 03 December 2013.

Citation: Gillam BJ and Wardle SG (2013) A mid-level
explanation for the venetian blind effect. Front. Psychol.
4:908. doi: 10.3389/fpsyg.2013.00908
This article was submitted to Perception Science, a
section of the journal Frontiers in Psychology.
Copyright © 2013 Gillam and Wardle. This is an
open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is
permitted, provided the original author(s) or licen-
sor are credited and that the original publication
in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduc-
tion is permitted which does not comply with these
terms.

www.frontiersin.org December 2013 | Volume 4 | Article 908 | 3

http://dx.doi.org/10.3389/fpsyg.2013.00908
http://dx.doi.org/10.3389/fpsyg.2013.00908
http://dx.doi.org/10.3389/fpsyg.2013.00908
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org
http://www.frontiersin.org/Perception_Science/archive

	A mid-level explanation for the venetian blind effect
	References


