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A topic of considerable interest in neuroscience is how different sensory modalities are
integrated by the nervous system into a single, coherent perception (multisensory integration),
and how internal and external environments influence multisensory perception and underlying
mechanisms (plastic change). Since the discovery of multisensory integration principles in the
cat’s superior colliculus (Stein & Meredith, 1993), the field of multisensory research has been
growing by incorporating psychophysical, neurophysiological, neuroimaging, and computational
techniques. The number of research articles indexed by the keyword “multisensory” has
increased for the last decade (Stein et al., 2020).

Our sensation and perception are formed by the interaction of innate and postnatal
factors. Because such interaction differs among individuals, our experience of multisensory
perception would also diverge. For instance, congenital blindness can not only affect the
sensitivity of the remaining senses but also changes audio-tactile integration (Champoux et al.,
2010). Some individuals, who have strong cross-modal associations without sensory loss, can
experience synesthesia (e.g., sound-to-color synesthesia). Based on findings from young,
healthy, and typically developed individuals, there has been a growing trend to investigate
multisensory perception in diverse physiological and pathological conditions. Then, what
framework can explain multisensory perception irrespective of such conditions?

Moreover, the interplay of innate and postnatal factors can shape our cognition beyond
sensation and perception. For instance, individuals with autism spectrum disorder (ASD) who
have difficulty in social communication and interaction do not adhere to Weber's law, a central
principle of sensory processing (Hadad & Schwartz, 2019). This atypical sensory processing in

people with ASD was found in vision and haptics, indicating the link between multisensory



perception and high-order cognition. This link can be applied to non-ASD individuals, assuming
ASD as a variability rather than a pathology. Thus, one of the challenges in multisensory
research is to understand how individual differences in multisensory perception are related to
various aspects of cognition.

In this editorial, we introduce three main points learned from the special issue. The first
point is the application of the Bayesian framework to multisensory perception in different
physiological and pathological conditions. The Bayesian framework can describe reliability
(likelihood) of multiple sensory representations, prior knowledge, causal inference, and
decision-making strategies (Ernst & Banks, 2002; Kérding et al., 2007; Wozny et al., 2010). For
instance, Magnotti et al. (2020) employed this model to explain speech perception and the
McGurk effect within the common computational framework (Magnotti et al., 2020, volume
133, page 371-383).

Two articles in the special issue employed the Bayesian framework to explain aging
effects on multisensory integration. Jones & Noppeney (2021) outlined the impact of healthy
aging on multisensory integration within the Bayesian framework (volume 138, page 1-23).
They argued that sensory reliability, prior expectations, and decisional strategies contribute to
age differences. Park et al. (2021) employed the Bayesian framework and attributed age-
change in the ventriloquism effect to a decline in spatial hearing (volume 135, page 298-310).

Likewise, this special issue contained other findings which are consistent with the
framework. For instance, Horvath et al. (2021) demonstrated that participants with more
proprioceptive bias toward the direction of the rubber hand reported a stronger felt

embodiment in the rubber hand illusion (volume 132, page 361-373). The same framework may



explain cultural/linguistic effects on the development of audiovisual speech perception
(Sekiyama et al., 2020, volume 140, page 145-156), long-term gaming effect on the Sound-
Induced Flash lllusion (SIFI) (Di Luzio et al., 2021, volume 134, page 223-238), and the effect of
hearing aids and age-related macular degeneration on the SIFI (Hirst et al., 2020, volume 133,
page 161-176).

By contrast, neuroimaging studies on multisensory integration are not yet as strongly
connected to this Bayesian framework. Three neuroimaging studies in this issue provided
evidence for multisensory integration in the human brain (Porada et al., 2021, volume 139,
page 198-210; Ronga et al., 2021, volume 144, page 133-150; Rosemann et al., 2020, volume
129, page 266-280). Two studies among them (Porada et al., 2021; Ronga et al., 2021) used
supra-additive responses to sensory inputs, which were considered as neurophysiological
evidence for multisensory integration (Calvert et al., 2000; Raij et al., 2000; Stein & Meredith,
1993). However, it is not clear how the supra-additive effect is related to a computational
framework and linked to behavior (except for stimulus detection and localization).
Alternatively, a previous study revealed that neurons in the dorsal medial superior temporal
(MSTd) of non-human primates combined visual and vestibular inputs in a weighted linear
fashion, consistent with the Bayesian framework (Fetsch et al., 2013). A few neuroimaging
studies have employed Bayesian causal inference to demonstrate a hierarchy of multisensory
processing in the human brain (Rohe & Noppeney, 2015, 2016). Thus, it is essential to adopt
such a new approach and consider similarities and differences between conventional and new

approaches.



The second key point was the link between atypical multisensory processing and
cognitive processing. The special issue included three research articles on synesthesia (Ward et
al., 2021 volume 139, 249-266; Ovalle-Fresa et al., 2021 volume 140, page 14-25; Lungu et al.,
2021, volume 141, page 322-330). These studies demonstrated behavioral and neural activity
patterns that are unique to synesthetes. For instance, Ovalle-Fresa et al. (2021) showed that
grapheme-color synesthetes and color experts had better visual perceptual ability and memory
than non-synesthetic control subjects. Though these studies involved attributes of objects
within vision, this supports the interplay between sensory and cognitive processing.

Ainsworth et al. (2021) provided more direct evidence for the link between sensory and
cognition processing in the context of multisensory integration (volume 134, page 195-206). In
this study, autistic participants showed reduced audiovisual facilitation of response time
compared to neurotypical subjects. This finding is consistent with the framework that atypical
sensory processing is associated with higher-level core aspects of ASD. This finding is supported
by a previous study in which congenital blindness delayed the development of social skills -
congenitally blind children were misdiagnosed as ASD (Hobson & Lee, 2010). Thus, it is worth
investigating how atypical sensory processing shapes differences in social cognition.

The third point is the impact of comorbid impairments on the research of sensory loss.
More specifically, Moin-Darbari et al. (2021) maintained that, though a large proportion of deaf
people in studies had significant vestibular damage, this factor has been overlooked in hearing
loss studies (volume 138, page 311-317). This is a critical caution to understand further the

impact of sensory loss on neural mechanisms for sensory processing.



The special issue also included research articles on the effect of congenital sensory
deprivation (Bednaya et al., 2021, volume 142, page 138-153; Kanjlia et al., 2020, volume 142,
page 342-356). Findings in these studies are largely in accord with the view that while sensory
loss affects early sensory cortices, higher-order cortical regions still retain some of their
functions (e.g., Ricciardi & Pietrini, 2011; Kitada, 2016). For instance, Kanjlia et al. (2021) found
that number representation in the intraparietal sulcus was present in both congenitally blind
and sighted individuals. Togoli et al. (2021) conducted a psychophysical study to show tactile
numerosity representation is coded in allocentric coordinates rather than egocentric
representation (volume 134, page 43-51). Thus, it is interesting in the future to investigate how
activity in the network involving the IPS accounts for allocentric-based numeriocity
representation.

Collectively, studies in this special issue updated our current understanding of
multisensory perception. The Bayesian approach will continue to be a promising framework to
explain various aspects of multisensory integration. While a few studies indicated the link
between perception and other parts of cognition, more evidence is necessary to understand
the underlying mechanisms. For instance, the core abnormality of ASD is related to perceptual
aberrations due to a disbalance between the reliablity of prediction errors and the reliability of
predictions (Haker et al., 2016). Thus, further explorations are necessary by combining

psychophysics, neurophysiology, and computational perspectives.
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