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A tale of two senses—a look at the
confluence and malleability of
multisensory stimuli

“…perceptual
training
paradigms
can create
lasting
changes in a
person’s
judgment of
perceived
simultaneity
between
visual and
auditory
events.”

In our daily activities, whether
it is driving down the road,
playing a sport or enjoying a meal
at our favorite restaurant, the brain
is constantly inundated with
multisensory information that it
shrewdly processes to comprehend
every sensory experience. Just
how information from the multiple
senses is integrated in the brain to
produce a cohesive perceptual
experience is intriguing. In
particular, the temporal dynamics
of
the
individual
sensory
information has to uniquely fall
within a certain binding window
in order for the brain to perceive it
as a stimulus from the same
environmental event. A better
understanding of how binding of
cross-modal cues takes place in
relation to this temporal window is
imperative, especially in the
clinical
realm
where
an
enlargement of this window has
been
reported
for
various
neurobiological disorders like
dyslexia and autism. Research
scientists at Vanderbilt University
recently investigated the temporal
characteristic and malleability of
this multisensory binding window
by using an auditory and visual
stimulus pair in two perceptual
training paradigms.
Powers et al. first tested normal
adults on a 2-alternative forced
choice (2-AFC) paradigm where
participants had to make a
simultaneity
judgment
about
whether the occurrence of a visual
and auditory stimulus was
“simultaneous”
or
“nonsimultaneous”. This assessment
phase was followed by a
simultaneity judgment training
phase where the participants were
given feedback about whether
their judgment was correct. A
subset of participants was

requested to return one week later
for another follow up assessment
phase.
The
authors
were
successfully able to use this 2AFC paradigm to define and
characterize
a
multisensory
temporal binding window profile.
Moreover, they found that the
training received during the 2AFC task actually narrowed this
multisensory binding window
suggesting the flexibility of neural
processes to adapt to feedback
during training. The follow up
assessment conducted one week
after the training resulted in the
maintenance of this temporal
binding window suggesting the
stability of brain processes to
maintain a learned perceptual
experience.
However,
the
modifiable nature of this temporal
binding window was not observed
for passive exposure to identical
stimuli that did not require a
simultaneity
judgment
with
feedback.
While these results showed an
interesting and unique finding, one
question that still remained
unanswered was whether the
flexible nature of this temporal
binding window was a result of
inherent cognitive biases. To
further explore the nature of this
multisensory temporal binding
window and rule out the
possibility that participants had a
cognitive bias towards one
particular
multisensory
task,
Powers and colleagues ran a
second experiment, a two-interval
forced choice(2-IFC) perceptual
paradigm. This paradigm was
similar to the 2-AFC in that they
used exactly the same stimuli,
however, the participants were
presented with two visual-auditory
pairs, one that was simultaneously
presented and the other that was

6 | 2010 | VOLUME 2

not simultaneously presented.
Participants were instructed to
indicate which of the two
presentations
contained
the
simultaneous
multisensory
stimulus. This assessment session
was then followed by a training
phase where the participants were
given feedback as to the accuracy
of their responses after each trial.
A subset of these participants also
returned one week later to do a
similar simultaneity judgment
assessment.
The authors found similar
results to those seen in the 2-AFC.
The perceptual training in the 2IFC training task resulted in a
significant narrowing of the
multisensory temporal binding
window.
Moreover,
these
modified binding widow changes
seemed to remain stable even after
the
one
week
follow-up
assessment.
Powers
and
colleagues keenly observed that
there was no significant difference
in the degree and time course of
window narrowing across the two
different paradigms suggesting
that the neural mechanisms
underlying the malleability of this
binding window is similar across
different
experimental
contingencies.
So what does this tell us about
human multisensory perceptual
experiences? This study has
successfully shown that perceptual
training paradigms can create
lasting changes in a person’s
judgment
of
perceived
simultaneity between visual and
auditory events. More notably, the
perceptual discrimination abilities
prompted by training is not a
result of simple exposure to
passive stimuli, but the result of
feedback on the accuracy of the
simultaneity judgment. Seminal
studies have shown significant
reorganization of cortical space
when a constrained set of stimuli
were used early in development.
However, a passive exposure to
the same set of stimuli did not
produce any notable behavioral

VANDERBILT REVIEWS | NEUROSCIENCE
©2010 Vanderbilt Brain Institute. All rights reserved.

RESEARCH HIGHLIGHTS

IN BRIEF…
BAC-driven miRNA gene expression knockdown
KA Garbett, S Horvath, PJ Ebert, MJ Schmidt, K Lwin, A Mitchell, P Levitt and K Mirnics (2010).
Novel animal models for studying complex brain disorders: BAC-driven miRNA-mediated in vivo
silencing of gene expression. Mol. Psychiatry. doi: 10.1038/mp.2010.1

Animal models of disease represent one of the most powerful methods of
analyzing the pathophysiological mechanisms of genetic disorders. However, the
development of such models is often time-consuming, complex, and carries
nonspecific caveats, such as the imprecise deletion of a gene of choice. Using
bacterial artificial chromosomes, cell-type specific promoters, a standard
reporter, and a microRNA mechanism for gene silencing, Garbett et al. present a
powerful mechanism to specifically reduce gene expression in vivo. As
microRNAs are of small size, they anticipate that this new method could
simultaneously silence multiple genes in a cell-type specific manner.
Accordingly, these transgenic mice would allow exquisite precision in
determining the effects of a given set of genes on the presentation of disease.
Pain Pathways: Neuropeptide Y may be targeted to
relieve pain
RG Wiley, LL Lemons and RH Kline IV (2009). Neuropeptide Y receptor-expressing dorsal horn
neurons: role in nocifensive reflex responses to heat and formalin. Neuroscience. 161 (1): 139147.

There is an endless list of reasons why individuals seek treatment for pain, but
the molecular mechanisms that underlie pain perception are unclear. Wiley et al.
demonstrate how Neuropeptide Y (NPY) and its receptor Y1 (Y1R) function in
the rodent spinal cord to mediate nociception. After intrathecal injection of
saporin toxin conjugated to NPY to selectively kill Y1R-expressing neurons in
the dorsal horn of the spinal cord, rats displayed an increased latency to withdraw
their paws from noxious hot stimuli. The rodents also had a significant decrease
in nocifensive behavior when presented with the hot stimuli or when injected
with formalin in the plantar region of the hind paw, as measured by licking and
guarding events. This toxin-based approach allows researchers to selectively
examine groups of neurons involved in the perception of pain and tease apart
each group’s contribution. These studies could prove to have a significant
impact on the field of pain research and may provide researchers with some
insight into alternative approaches to treat pain.
What’s unusual about that? Neural substrates for the
detection of novel, unusual stimuli
Blackford JU, Buckholtz JW, Avery SN, Zald DH (2010). A unique role for the human amygdala in
novelty detection. Neuroimage. 50(3):1188-93.

Novelty detection is an important trait in perceiving and responding to our
environment. In particular novel, yet unusual or uncommon stimuli that are
behaviorally salient can engage specific neural mechanisms involved in
emotional learning and memory. In this study, the authors used functional
magnetic resonance imaging to observe blood oxygen level dependent (BOLD)
responses in the human amygdala and hippocampus when they presented
participants with novel, common stimuli (e.g., chair, clock, tree) versus novel,
unusual stimuli (e.g., Prague Dancing House, futuristic skyscraper, leafy sea
dragon). Blackford and colleagues found that novel, common stimuli showed
robust BOLD activation in both the amygdala and the hippocampus. However,
only the amygdala showed a preferential activation for the novel, unusual stimuli,
compared to the novel common stimuli. These results lead the authors to
speculate that within the novelty detection circuit, the amygdala plays a distinct
role in uniquely responding to a specific category of stimuli, namely those that
are novel and unusual.

change or neural reorganization. Powers and
colleagues found significant effects in the temporal
dynamics of the multisensory binding window after
only one day of training, with stable effects observed
even after one week. This alludes to the fact that the
brain is capable of adapting quickly to new
environmental situations and long term memory
consolidation may play a role in strengthening learned
traits. Thus results from this study would support the
idea that the pairing of a sensory stimulus with
behavioral salience (like feedback in this study) is
crucial for sensory reorganization of adult cortical
space.
It is intriguing to consider where and how the
plasticity associated with this temporal binding
window is modulated. In humans, recent
neuroimaging studies reported a large, dynamic
network of areas including the insular cortex,
posterior parietal and superior temporal cortices, all
critically involved in the perception of audiovisual
stimuli. The neuronal oscillations among different
cortical populations have also been shown to play a
potential role in multisensory processing and temporal
binding. At a more cellular level, the temporal tuning
profile of multisensory neurons has been associated
with adult plasticity in various sensory systems, with
basal cholinergic signals acting as an instructive cue.
This indicates that the synchronous role of both
cortical and subcortical mechanisms may be
responsible for temporal plasticity in multisensory
systems.
The present work by Powers and colleagues and
future extensions of similar studies holds particular
clinical significance, especially in designing tailored
intervention strategies for disorders such as dyslexia,
autism and schizophrenia where altered multisensory
temporal processes have been observed.
Original Research Article:
AR Powers III, AR Hillock and MT Wallace (2009). Perceptual
training narrows the temporal window of multisensory binding. J
Neurosci. 29 (39): 12265-12274.

Development: birth, life,
death, cleanup, repeat.
The development of a nervous system entails
several obvious processes such as the proliferation of
cells, the elaboration of dendrites, or the wiring of
functional axonal circuits, yet it is now becoming
clear that the less publicized (and slightly more
sinister) mechanisms of programmed cell death and
debris clearance are a vital component of nervous
growth. For example, in the mouse dorsal root ganglia
(DRG) over 50% of sensory neurons undergo
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