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Gating  at  early  cortical  processing  stages  is  associated  with  changes  in
behavioural  performance  on  a  sensory  conflict  task
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• Attentional  gating  differed  between  early  visual  and  tactile  ERPs.
• Unattended  tactile  (but  not  visual)  stimuli  were  gated  at  an  early  stage.
• Visual  distractor  stimuli  affected  ERP  amplitude;  tactile  distractors  did  not.
• Tracking  accuracy  with  a distractor  present  correlated  with  cortical  gating  results.
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a  b  s  t  r  a  c  t

While  there  is evidence  to show  early  enhancement  of  modality-specific  somatosensory  cortical  event-
related  potentials  (ERP)  when  two stimuli  are  task-relevant,  less  is understood  about  the  cortical  and
behavioural  correlates  of  early  modality-specific  sensory  gating.  This  study  sought  to understand  how
attentional  gating  affects  cortical  processing  of  visual  and  tactile  stimuli  at  early  stages  of modality-
specific  representation.  Specifically,  alterations  in early  somatosensory  and  visual  processing  based  on
attentional  relevance  were  examined,  along  with  the  effect  of an  unattended  sensory  stimulus  on corti-
cal  processing  and behavioural  performance.  Electroencephalography  (EEG)  was  collected  from  healthy
participants as they  performed  a sensory  selection  task.  This  task  required  participants  to make  a  scaled
motor  response  to  the  amplitudes  of  visual  and  tactile  stimuli  presented  individually  or  concurrently.
Results  showed  that  the  somatosensory  N70  ERP  was  significantly  attenuated  when  tactile  stimuli  were
unattended.  When  visual  stimuli  were  unattended,  modulation  of  visual  potentials  occurred  later,  at  the
visual  P2 potential.  Since  unattended  tactile  stimuli  were  gated  at early  cortical  processing  stages,  when
they  were  used  as  distractors,  no changes  in  cortical  responses  to target  stimuli  were  observed.  Addition-
ally,  there  was  no  decrease  in  task  accuracy  when  grading  attended  stimuli  in  the  presence  of a  tactile
distractor.  However,  since  early  gating  was  not  observed  in  the  visual  modality,  a  visual  stimulus  used
as an  unattended  distractor  resulted  in smaller-amplitude  cortical  responses  to  attended  tactile  stimuli
and  less  accurate  task  performance  when  grading  attended  stimuli.  In conclusion,  this  study  suggests
that  early  gating  of unattended  stimuli  supports  modality-specific  cortical  processing  of target  stimuli
and  maintains  behavioural  task  performance.

© 2016  Published  by  Elsevier  B.V.

1. Introduction

Crossmodal sensory processing refers to the influence a stimulus
in one sensory modality can have on the processing of other stim-
uli in another modality. Based on task requirements, these stimuli
may  be integrated or converge with one another. This is known as
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crossmodal sensory integration, and results in a different cortical
response than if one was  presented alone [1]. Research has shown
that crossmodal integration can facilitate sensory processing, as
integration of two  relevant stimuli allows for a more coordinated
interpretation of the external environment. This is demonstrated
experimentally by improved reaction times [2,3], and better detec-
tion of weak stimuli [4]. There is evidence that these crossmodal
sensory interactions can occur early in the processing stream, in
areas traditionally thought to be unimodal [1,5–8]. It is postulated
that this crossmodal effect occurs between stimuli from the same
source, which would likely not elicit a strong response in isolation
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[1]. Evidence also shows that the crossmodal effect is enhanced
when stimuli are task-relevant; this is known as top-down modu-
lation [8,9].

In contrast, when task demands deem one of two  or more
simultaneously presented stimuli to be task-irrelevant, the irrel-
evant stimulus is often suppressed or filtered out of the processing
stream. This is known as sensory gating, a term which refers to the
inhibition of sensory information as it travels from the periphery
to the cortex [10–12]. Gating is thought to protect higher cortical
centres from being overcome with irrelevant incoming informa-
tion [12], and can occur via multiple mechanisms. For example,
bottom-up gating can occur during active or passive movement
[13–18]. Top-down inhibition of ascending sensory information has
also been shown due to the influence of the primary motor cor-
tex or the prefrontal cortex (PFC) [16,19–22]. Since attention has
been shown to affect the integration of multiple crossmodal sen-
sory inputs when both stimuli are task-relevant, it may  play a role
in top-down gating of task-irrelevant information as well. There is
much evidence supporting the involvement of the PFC in inhibiting
task-irrelevant stimuli during behavioural tasks. A review by Knight
et al. [21], details behavioural and electrophysiological evidence
from patients with prefrontal cortical lesions exhibiting significant
impairments in sustaining attention, as well as inhibiting irrelevant
sensory stimuli. It is well understood that the PFC plays an impor-
tant role in sustaining attention and may  also play a role in sensory
gating.

The objective of the current study was to understand how atten-
tional gating affects cortical processing of visual and tactile stimuli
at early stages of modality-specific processing. Specifically, the
study aimed to understand how early somatosensory and visual
processing is altered based on whether a stimulus is attended
or unattended, when a simultaneous distractor is presented in a
different sensory modality, and the effect of an unattended distrac-
tor stimulus on behavioural performance. Therefore, the present
research was designed to test three main hypotheses. The first was
that early modality-specific (visual and tactile) cortical responses
would be diminished when attention was directed away from
the modality being tested. The second hypothesis was that early
cortical responses to task-relevant sensory stimuli would remain
unchanged whether those stimuli were presented alone or simul-
taneously with a task-irrelevant distractor in the other sensory
modality. This was based on the first hypothesis, that the distractor
stimulus would be effectively gated out of the processing stream at
an early stage. The final hypothesis of this study was that partici-
pants’ ability to accurately grade the amplitude of visual or tactile
stimuli would be consistent whether these stimuli were presented
alone or simultaneously with a task-irrelevant crossmodal stimu-
lus, again reflecting the cortical gating effect postulated in the first
hypothesis.

2. Methods

2.1. Participants

Electroencephalographic (EEG) and behavioural data were col-
lected from thirteen healthy volunteers (8 female, 5 male), aged
19–28. Participants had no history of brain injury, substance abuse,
psychoactive drug treatment, or other neurological disease or
impairment. All experimental procedures were approved by the
University of Waterloo’s Office of Research Ethics, and all partici-
pants provided informed consent to participate.

2.2. Experimental paradigm

The experimental task required participants to use a pressure-
sensitive bulb to approximate the amplitude of discrete visual and
tactile stimuli using a graded motor response. The stimuli were
presented either in isolation, as unimodal vibrotactile (T) or visual
stimuli (V), or simultaneously, as crossmodal visual and tactile
stimuli (VT). A single trial consisted of either a visual, tactile, or
crossmodal stimulus presentation. Experimental blocks contained
54 stimuli each presented for 500 ms,  with 2.5 s between trials,
so that each block lasted approximately three and a half minutes.
The experimental design consisted of fifteen blocks of trials divided
among three attentional manipulations (five blocks each) that were
randomized across participants. Participants were instructed to
attend to, and produce a force-graded response approximating the
amplitude of: 1) only the tactile stimulus presented either uni-
modally (T(T)) or crossmodally (T(vT)); 2) only the visual stimuli
presented either unimodally (V(V)) or crossmodally (V(Vt)); or 3)
the combined crossmodal stimuli (VT).

Each participant was  seated comfortably for the duration of the
experiment. They fixed their gaze on a computer screen for all
blocks, and rested the palmar surface of the second digit of the
left hand on a device which delivered vibrotactile stimuli. Par-
ticipants judged the amplitude of the stimulus type they were
instructed to respond to, or track, for that block: either tactile alone,
visual alone, or crossmodal, and made a graded motor response by
squeezing a pressure-sensitive rubber bulb with their right hand.
When responding to tactile stimuli, participants were asked to
apply enough force to the pressure-sensitive bulb to approximate
the vibration amplitude of each tactile stimulus presented. They
were asked to do this each time a tactile stimulus was presented,
whether it was  presented alone or in combination with a visual one.
The visual condition was  similar, with participants applying force
to the bulb to correspond to the height of a bar appearing on the
computer screen, regardless of whether or not a tactile stimulus
accompanied it. When responding to both visual and tactile stim-
uli, participants were asked to add the height of the visual stimulus
and the amplitude of the tactile stimulus and apply a corresponding
force to the pressure-sensitive bulb representing the summation.
To ensure force output on these combined trials never exceeded
an individual’s maximum capacity, no single stimulus required a
squeeze of more than 25% of the participant’s maximum force out-
put and combined responses never exceeded 50%.

The experimental trials were preceded by a training session,
which lasted approximately 5 min. In the training session, two  bars
were presented on the computer screen: a blue bar, controlled by
the participant squeezing the pressure bulb, and a yellow one which
varied randomly in height. The objective was for participants to
match the blue bar to the height of the yellow bar by applying a
graded force to the pressure bulb. The blue bar provided visual feed-
back to teach participants how to use the bulb to grade the visual
stimuli. At the same time, the amplitude of the vibrotactile stim-
ulus applied to the subject’s finger varied proportionally to match
the force applied to the bulb. In this way, the training program
connected the visual and vibrotactile stimuli through the means of
the pressure-sensitive bulb. During the experimental task, the blue
response bar was absent, depriving participants of feedback about
the accuracy of their grading performance, and the amplitude of
the vibrotactile stimuli varied independently of the visual stimuli.

2.3. Stimuli

The target visual stimuli were yellow bars (6 cm wide) which
appeared in the center of a black computer screen. The bar was  vis-
ible for 100 ms  and appeared at randomized heights on the screen,
representing different amplitudes of visual stimuli. Vibrotactile
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