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When the two eyes are presented with dis-
similar images, such as a picture of a face
to the left eye and a picture of a house to
the right eye, something remarkable hap-
pens. Observers report seeing the picture
of the face for a few seconds, then the pic-
ture of the house, then the face again, and
so on, for as long as he or she cares to look.
This phenomenon is called binocular ri-
valry (Alais and Blake, 2004; Miller, 2013),
and although the neurocognitive mecha-
nism that explains this visual effect re-
mains unsolved, there is a trend toward
approaches that combine top-down and
bottom-up processes in the brain (Blake
and Logothetis, 2002; Tong et al., 2006).

Despite there being a rich literature on
the topic of binocular rivalry, only a hand-
ful of studies have investigated the influ-
ences of multisensory stimuli on vision
during binocular rivalry (Zhou et al.,
2010). This is surprising, because percep-
tion is almost always multisensory. That
is, a stable representation of the environ-
ment often consists of a combination of
visual, auditory, tactile, gustatory, and/or
olfactory inputs. Recently, a study in The
Journal of Neuroscience sought to investi-
gate the influences of multisensory stimuli
on vision during binocular rivalry. In par-
ticular, Lunghi et al. (2014) set out to un-
derstand whether auditory, tactile, and

auditory/tactile stimuli could influence
percept selection and percept alternation
during binocular rivalry.

To instigate binocular rivalry, Lunghi
et al. (2014) presented spatially identical,
contrast-modulating, random-noise pat-
terns to the two eyes. The stimuli differed
only in the temporal frequency in which
they modulated in contrast, one at 3.75 Hz
and the other at 15 Hz. This type of
binocular-rivalry stimulus is known to
produce alternations in vision that are
comparable to alternations caused by spa-
tially dissimilar stimuli, such as those of a
face and a house (Alais and Parker, 2012).
During dichoptic viewing of the stimuli,
Lunghi et al. (2014) presented auditory,
tactile, or auditory/tactile stimuli inter-
mittently. Their auditory and tactile stim-
uli consisted of amplitude-modulated
sine waves at either 3.75 or 15 Hz—these
frequencies are the same as the ones used
by the visual stimuli, and were presented
through headphones (auditory stimuli) or
as vibrations (tactile stimuli). Finally,
Lunghi et al. (2014) manipulated the in-
tensity of the auditory and tactile stimuli,
resulting in modulation depths of 33%,
66%, and 100%. They did this to assess the
effects of auditory and tactile stimulus
strength on vision during binocular rivalry.

Lunghi et al. (2014) found that pre-
senting auditory and tactile inputs that
were congruent with an observer’s per-
cept, as reported by key presses, during
binocular rivalry resulted in an increased
probability of maintaining that percept,
compared with when there was no audi-

tory or tactile input, whereas inputs that
were incongruent resulted in an increased
probability of switching that percept to
the congruent alternative. Furthermore,
the probability of percept switching or
percept maintaining was influenced by
auditory and tactile stimulus strength: in-
puts with a modulation depth of 100% re-
sulted in a higher probability of percept
switching (�0.67) or percept maintaining
(�0.4) than inputs with a modulation
depth of 33% (�0.5 for percept switching
and �0.3 for percept maintaining).
Lunghi et al. (2014) also found that when
auditory and tactile inputs were presented
simultaneously at a modulation depth of
33% each, the probability of percept
switching or percept maintaining was
comparable to the results obtained for au-
ditory only or tactile only inputs with a
modulation depth of 100%. Finally, when
auditory and tactile inputs were pre-
sented simultaneously at a modulation
depth of 100% each but in anti-phase
(i.e., the auditory input was congruent
with one visual stimulus whereas the tactile
input was congruent with the other), there
was no effect on the probability of percept
switching or percept maintaining (for more
details, see Lunghi et al., 2014, their Fig. 1).
Lunghi et al. (2014) concluded that there
must be a common, bottom-up, neural
mechanism for the integration of visual, au-
ditory, and tactile inputs, and that this
mechanism is used to deliver a stable repre-
sentation of the environment.

We agree that there must be a common
mechanism for the integration of multi-
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sensory inputs, but we suspect this mech-
anism alone would be insufficient to
govern visual perception, because it does
not account for top-down influences on
vision during binocular rivalry (Blake and
Logothetis, 2002; Tong et al., 2006). Be-
low, we use predictive coding to provide
an epistemological explanation for why,
when presented with auditory, tactile, or
auditory/tactile inputs during binocular
rivalry, visual awareness or one of the
other visual input is maintained or
switched.

Predictive coding is a framework for
understanding how the brain delivers a
stable representation of the environment.
Theories of predictive coding advocate
that the cognitive system is structured in a
hierarchical manner, that all perception is
a testable hypothesis, and that this hy-
pothesis is a compromise between top-
down predictions and bottom-up sensory
input. According to predictive coding, the
brain delivers a stable representation of
the environment by using top-down pre-
dictions to reduce redundant processing
of repetitive stimuli from bottom-up sen-
sory input and by processing only what is
not predicted—prediction-error (Rao
and Ballard, 1999; Friston, 2005). Indeed,
the concepts of predictive coding have
also been used to explain binocular rivalry
(Hohwy et al., 2008).

Hohwy et al. (2008) argue that the se-
lection problem in binocular rivalry, why
one stimulus is selected for perception
rather than the other or both, occurs be-
cause one of the images (i.e., a face) has a
higher prior, or likelihood, than the other
image (i.e., a house) or than both images
superimposed (i.e., a face-house). In ad-
dition, Hohwy et al. (2008) solve the alter-
nation problem, why the images alternate
in visual perception over time, using
prediction-error. If one of the images ac-
counts for approximately half of the total
visual input, then the other half of visual
input is unexplained and is therefore
prediction-error. According to theories of
predictive coding, prediction-error is
passed up the hierarchy until it is resolved
by higher-level neurons. When this hap-
pens, there is a change in visual percep-
tion, such that the image that was
previously suppressed from awareness is
now perceived and the image that was pre-
viously perceived is now suppressed. Fur-
thermore, the image that is now suppressed

is the new source of prediction-error in
sensory input. This pattern repeats itself
for as long as one cares to look at
binocular-rivalry stimuli. We think this
explanation of binocular rivalry could be
extended to account for the findings re-
ported by Lunghi et al. (2014).

Lunghi et al. (2014) found that pre-
senting auditory and tactile inputs that
were congruent with an observer’s per-
cept during binocular rivalry resulted in
an increased probability of maintaining
that percept. This is consistent with pre-
dictive coding, because more than half of
the total sensory input (visual and audi-
tory or tactile vs visual only) is congruent
with the brain’s hypothesis about the vi-
sual environment; thus, the current pre-
dictive model is a good representation of
sensory input, and is maintained. Of
course, this percept will not be main-
tained forever, because the brain needs to
eventually account for prediction-error
from the suppressed visual stimulus.
Lunghi et al. (2014) also found that pre-
senting auditory and tactile inputs that
were incongruent with an observer’s per-
cept resulted in an increased probability
of switching that percept. Again, this is
consistent with predictive coding, because
more than half of the total sensory input is
prediction-error; thus, the current predic-
tive model is a poor representation of sen-
sory input, and it is replaced by another
model that better accounts for sensory in-
put, forcing a change in visual perception.

Predictive coding can also explain why
the probability of percept switching or
percept maintaining was influenced by
auditory and tactile stimulus strength. If
percept maintaining and percept switch-
ing are the result of decreased and in-
creased prediction-error, respectively,
then reducing the modulation depth of
auditory and tactile inputs from 100% to
33% decreases the amount of total sensory
input that the current predictive model
accounts for. Thus, one would expect a
lower probability of percept switching or
percept maintaining for auditory and tac-
tile inputs at a lower modulation depth
than at a higher modulation depth. This
reasoning can also be used to explain why
auditory and tactile inputs presented si-
multaneously at a modulation depth of
33% each yield results that are much
higher than those obtained for auditory-
only or tactile-only inputs with a modula-

tion depth of 33%, as well as explain why
auditory and tactile inputs presented si-
multaneously at a modulation depth of
100% each but in anti-phase have no ef-
fect on vision.

Of course, the concept of predictive
coding do not detract from Lunghi et al.’s
(2014) conclusion: that perception of one
or the other stimulus during binocular ri-
valry is driven by a common, bottom-up,
multisensory mechanism. Rather, predic-
tive coding complements Lunghi et al.’s
(2014) bottom-up explanation by ac-
knowledging top-down influences on vi-
sion during binocular rivalry. Indeed, any
explanation of percept selection and per-
cept alternation during binocular rivalry
is likely to be incomplete without includ-
ing top-down mechanisms of perception
(Blake and Logothetis, 2002; Tong et al.,
2006). In conclusion, predictive coding is
a useful framework for understanding the
interaction between different levels of the
visual hierarchy that allow our brains to
deliver a stable representation of the
environment.
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