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INTRODUCTION

We perceive our environment using a wide variety of  
senses including vision and audition and rely upon them 

individually or in combination to make sense of  our world. 
Conventional neuroscience dictates that the neuroplastic processes 
within the brain allow for the efficient use of  its available resources. 
This results in the phenomenon that is not necessarily beneficial, 
for example the expansion of  somatosensory maps following 
limb amputation results in spurious perceptual events known 
as “phantom limb pain”1 or untreated amblyopia results in the 
profound loss of  visual acuity.2 How this process works during the 
complete loss of  sensory information from one modality is still a 
topic of  debate. One theory suggests that developmentally the loss 
of  one sense, say hearing, will adversely affect other senses as well, 
this is known as the perceptual deficit hypothesis. On the other 
hand, there is mounting evidence that when one sensory system 
affected, there is the reallocation of  resources to another system 
resulting in an enhancement of  other sensory systems. This is 
termed as the perceptual compensatory hypothesis and is believed 
to be the direct result of  the cross-modal plasticity properties 
of  the brain. In this mini-review, we aim to explore both these 

hypotheses.

The Perceptual Deficit Hypothesis

The first hypothesis states that a significant deficit in one sensory 
modality affects the development and organization of  the other 
sensory systems. This is termed as the perceptual deficit hypothesis. 
In the case of  hearing-impaired, the perceptual deficit hypothesis 
predicts hearing-impaired individuals will exhibit poorer visual and 
tactile perceptual performance.3 The secondary assumption is that 
the lack of  one sensory input adversely affects the complex tasks 
such as language which needs significant interaction between the 
different senses.4

	 The hypothesis mainly came about because of  the 
increased prevalence of  vision-related abnormalities in the 
congenitally hearing-impaired that has been reported in the 
literature.5,6 The seminal studies by Pollard and Neumaier5 and by 
Mohindra6 where visual problems were found to be much more 
in hearing-impaired school going children as compared to normal 
school going children. There is some evidence supporting this 
hypothesis as the hearing-impaired perform significantly worse 
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than hearing children in basic threshold perceptual tasks.7

The Perceptual Compensatory Hypothesis

The perceptual compensatory hypothesis originated as a direct 
result of  Neville et al,8 who used visually evoked potentials in 
hearing-impaired individuals and showed an enhanced recorded 
signal which implies that the lack of  auditory experience somehow 
reorganized to enhance the visual processing abilities. This work 
has since been repeated using a wide variety of  techniques including 
electroencephalogram (EEG);9 magnetoencephalography;10 
functional magnetic resonance imaging11,12 with similar findings. 
But the perceptual implications of  this enhanced signal are still 
unclear. 

DISCUSSION

Basic Visual Thresholds in the Hearing-Impaired

One of  the first studies in determining the differences in brightness 
sensitivity between the hearing-impaired and the hearing individuals 
was performed by Bross et al.13 They revealed no significant 
differences between the hearing-impaired and hearing individuals. 
Similar results were obtained by Bross and Saurwein14 for visual flicker 
thresholds. This is an indirect contradiction to the compensatory 
hypothesis.

	 Other parameters including contrast sensitivity10 or 
both center and periphery (2 deg around fixation)15 (see also, 
Bavelier  et al11,12 for further evidence of  comparable luminance 
change detection in hearing-impaired and hearing individuals). 
Interestingly, Stevens and Neville15 showed that the hearing-
impaired exhibited an enlarged field of  view (about 196 cm2) with 
respect to hearing controls (180 cm2), in a kinetic perimetry task.

	 Performance of  the hearing-impaired in motion 
discrimination task shows that there are no significant differences in 
the performance of  hearing-impaired and hearing individuals other 
than a small shift in the preferred hemifield, where the hearing-
impaired preferred the right field compared with the left field.16-18 

Temporal perceptual thresholds for any eccentricities and stimuli 
time or order showed any differences in the performances of  the 
hearing-impaired when compared with hearing individuals.14,19,20,21

Visual Performance in the Hearing-Impaired? Sensitivity vs 
Reactivity

If  the hearing-impaired do not show any differences in the various 
visual discrimination tasks with no evidence of  either worse 
performance (discrediting the perceptual deficit hypothesis) or 
enhanced (against the perceptual compensation hypothesis), is 
there any evidence of  cross-modal plasticity within the brains of  
the hearing-impaired and if  so what is the behavioral implications 
of  it?

	 The seminal study by Loke and Song,22 was among the 
first to answer this question. They compared 20 congenital or early-

hearing-impaired high school students with 19 hearing controls, 
and by measuring the reaction times for a simple detection task at 
either fixation (0.5°), or in the visual periphery (25°), they were able 
to show that the hearing-impaired responded faster than hearing 
controls (85 ms on average), but selectively for targets appearing at 
peripheral locations. The differences in the central fixation did not 
reach statistical significance (38 ms). This result was later confirmed 
by23 who not only showed that the simple detection of  one shape 
from the other was faster for the hearing-impaired than hearing 
participants (70 ms on average); but also, the simple detection and 
subsequent discrimination of  the peripheral shapes to be faster in 
the hearing-impaired than hearing participants (56 ms).

	 Manipulation of  attentional mechanisms by the classical 
cue-target paradigm24 has shown that the visual attentional process 
can be redirected in the hearing-impaired individual.25 This 
interpretation is further supported by Colmenero et al26 who used 
a task of  pressing key “O” appeared on the computer screen. The 
target appeared for 150 ms, at 20° of  eccentricity to the left or 
the right of  central fixation and was preceded by a vertical mark 
delivered at the exact target location (valid condition, 53% of  
the trials), on the opposite side with respect to the target (invalid 
condition, 13% of  the trials) or on both sides (neutral condition, 
33% of  the trials). Stimulus onset asynchrony (SOA) between the 
cue and the target varied between 125-250 ms. Hearing-impaired 
participants were faster than hearing control at detecting the 
target (43 ms on average) in this task which involves evoking 
the exogenous and endogenous attentional mechanism and the 
interpretation was that the attentional mechanisms including 
inhibition of  return (IOR),27 which happens as a result of  prior 
location already attended to in the task are somewhat less enduring 
in the hearing-impaired than in the hearing controls.

	 Flanker interference tasks, which measure the allocation 
of  attentional resources in the visual scene, have shown that there is 
a larger interference of  distractors in the periphery in the hearing-
impaired than the hearing individuals.28-31 These differences only 
serve to indicate that the allocation of  visual attention resources is 
quite different in the periphery of  hearing-impaired individuals as 
compared with hearing controls, most likely as a result of  cross-
modal plasticity in the brain.

	 The above-mentioned findings indicate that the visual 
abilities demonstrated in the hearing-impaired do not show any 
trends towards either an enhancement or suppression. This may 
be because of  a few reasons namely, 1) hearing impairment, by 
definition, consists of  a multitude of  factors which cannot be 
classified as one condition.32 2) the definition of  the  periphery, 
where the hearing-impaired show enhancement in their reactivity 
is often muddled. The range of  periphery defined in various papers 
ranges from 1 degree from fixation onwards (for e.g. 8 degrees 
from fixation in).9

CONCLUSION

The past 50 odd years of  research on visual cognition of  hearing-
impaired individuals have not given a clear answer as to whether 
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the hearing-impaired see better. However, there is certainly a 
better reactivity rather than threshold enhancement in the hearing-
impaired particularly in complex visual tasks such as visual attention. 
This fact and the related findings provide circumstantial evidence 
at the least towards the compensatory hypothesis. The role that 
this peripheral attentional resource enhancement can further be 
considered as a compensatory mechanism for the allocation of  
attentional resources which are much more efficient in audiovisual 
integrative conditions.
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