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Levelt’s Propositions are central to understanding a wide range of multistable perceptual phenomena, but
it is unclear whether they extend to perceptual multistability involving interocular grouping. We pre-
sented split-grating stimuli with complementary halves of the same color (either red or green) to human
subjects. The subjects reported four percepts in alternation: the two stimuli presented to each eye (half
red and half green), as well as the two single color (all red or all green), interocularly grouped percepts.
Increasing color saturation lead to increased reports of the single color percept in most subjects, indicat-
ing increased predominance of grouped percepts (Levelt’s Proposition I). This increase in predominance
was due to a decrease in the average dominance duration of single-eye percepts, with grouped percept
dominance largely unaffected. This agrees with a generalization of Levelt’s Proposition II, as the average
dominance duration of the stronger (in this case single-eye) percept was primarily affected by changes in
stimulus strength. Moreover, in agreement with Levelt’s Proposition III the alternation rate between per-
cepts increased as the difference in the strength of the percepts decreased.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

We are remarkably adept at interpreting noisy and ambiguous
visual inputs (Fiser, Berkes, Orbán, & Lengyel, 2010; Kersten,
Mamassian, & Yuille, 2004). However, sometimes competing inter-
pretations of a stimulus are not disambiguated, and different inter-
pretations are perceived in alternation. For example, binocular
rivalry occurs when the two eyes are presented with disparate
images. Instead of perceiving a fusion of the two images, one expe-
riences intermittent switching between two distinct percepts
(Blake & Logothetis, 2002; Wheatstone, 1838). Multistable percep-
tual phenomena have been used extensively to study visual aware-
ness and its underlying cortical mechanisms (Leopold & Logothetis,
1996; Polonsky, Blake, Braun, & Heeger, 2000; Sterzer, Kleinschmit,
& Rees, 2009; Tong, Meng, & Blake, 2006).

Levelt’s observations (Levelt, 1965) have become a touchstone
for experimental and modeling studies of perceptual rivalry
(
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between the two eyes reduces the perceptual alternation rate; (IV)
Increasing stimulus strength in both eyes while keeping it equal
between eyes increases the perceptual alternation rate. Levelt’s
Propositions also hold in other cases of bistable perceptual rivalry
such as bistable rotating structure-from-motion (Klink, Ee, &
Wezel, 2008), bistable ambiguous plaids (Moreno-Bote, Shapiro,



chromatic input, increased as the chromatic distance, dðu;vÞ,
between the colors in the CIE 1960 space increased up to
dðu;
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4 to provide robust inference while avoiding computational diffi-
culties often encountered when using a prior for the degrees of
freedom (Fonseca, Ferreira, & Migon, 2008). Letting rij be the pre-
dominance for subject j in trial i, the model is specified as:

rij � t4ðlij;r2Þ;
lij ¼ b0j þ b1j xij;

b0j � Normalðb0; s20Þ; b1j � Normalðb1; s21Þ;
ð1Þ

where xij is the color saturation indicator (1 for 0:





(Fig. 3, for seven of the nine subjects the predominance of grouped
percepts was below 0.5 with a probability of 0.94 or higher. See
Supplementary Material in Github). At higher color saturation
the grouped percepts had a mean predominance of near 0.5 or
below for eight subjects. We therefore concluded that the single-
eye percepts are stronger. Thus, for most subjects who were sensi-
tive to a change in percept strength the stronger percepts’ (single-
eye) mean dominance duration decreased, while the weaker per-
cepts’ (grouped) durations remained roughly the same. We explore
further comparisons with Propositions II-IV in the Discussion.

A separate analysis of dominance duration changes of the
grouped green and red percepts showed that changes were less
pronounced than those of single-eye percepts (Fig. 6): There was
a slight increase in the dominance duration of the grouped red per-
cept (compare corresponding values of the first five subjects in the
tables in Fig. 5 on single-eye percepts and Fig. 6 for grouped red
case), but this is in line with Proposition II, which allows for slight
increases in the dominance duration of percepts whose stimulus



‘‘trapping”, as it suggests a subject’s perception is trapped in a sub-
set of all possible percepts (Suzuki & Grabowecky, 2002).
4. Discussion

Multistable perceptual phenomena have long been used to
probe the mechanisms underlying visual processing (Leopold &
Logothetis, 1999). While binocular rivalry is used most frequently
(Blake & Logothetis, 2002), different insights can be obtained with



(Brascamp et al., 2015; Levelt, 1965). Here we used this approach
to identify how color saturation influences the dynamics of percep-
tual multistability involving interocular grouping.

Related work We showed that multiple cues (color and
collinearity) affect interocular grouping. The major goal of our
study was to extend and test Levelt’s Propositions for multistable
percepts that include interocular grouping. Levelt’s Propositions
make predictions about how the resulting percepts change when
the stimulus changes. We found that a change in color saturation
impacted the dominance of integrated images in accordance with
a generalization of Levelt’s Propositions. A number of previous
studies provided related results: Alais and Blake (1999) studied
the impact of orientation on the predominance of grouped stimuli
when percept halves originated from the same eye. Stuit, Paffen,
van der Smagt, and Verstraten (2011) and Stuit, Paffen, van der
Smagt, and Verstraten (2014) explored how the orientation of



Studies of interocular grouping in perceptual multistability
have a long history (Diaz-Caneja, 1928). We focused on split
single-eye images for simplicity, but we anticipate that our find-
ings extend to the patchwork images of Kovacs et al. (1996). The
simple grating-based inputs we used were more similar to the geo-
metric images of Suzuki and Grabowecky (2002). We expect that
our findings extend to achromatic images as long as a parameter
can be identified that affects grouped percept predominance. For
example, we could use achromatic textures as a cue to group com-
plementary stimulus halves. In general, we suggest that our find-
ings apply to any stimulus feature that promotes grouping along
the lines of Gestalt laws of grouping.

Neural mechanisms of perceptual multistability. Our observations
support the prevailing theory that perceptual multistability is sig-
nificantly percept-based and involves higher visual and object-
recognition areas (Leopold & Logothetis, 1999). Since the first sys-
tematic study of binocular rivalry (Wheatstone, 1838), much work
has been devoted to identifying its underlying neural mechanisms:
Mutual inhibition allows for the selection of one percept among
many (Haynes, Deichmann, & Rees, 2005; Lee, Blake, & Heeger,
2005; Lumer, 1998; Tong et al., 1998; Meng, Remus, & Tong,
2005; Moutoussis, Keliris, Kourtzi, & Logothetis, 2005; Seely &
Chow, 2011; Tong, 2001; Wunderlich, Scheneider, & Kastner,
2005), adaptation can lead to switching between percepts
(Brascamp et al., 2006; Kim, Grabowecky, & Suzuki, 2006;van Ee,
2009), and neuronal noise accounts for the irregularity of percep-
tual dominance intervals (Brascamp et al., 2006; Lankheet, 2006;
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