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Abstract

Introduction: In congenital visual impaired individuals one modality is impaired (visual modality) this impairment is
compensated by other sensory modalities. There is evidence that visual impaired performed better in different auditory
task like localization, auditory memory, verbal memory, auditory attention, and other behavioural tasks when compare
to normal sighted individuals. Objective: The current study was aimed to compare the temporal resolution, frequency
resolution and speech perception in noise ability in individuals with congenital visual impaired and normal sighted.
Methods: Temporal resolution, frequency resolution, and speech perception in noise were measured using MDT, GDT,
DDT, SRDT, and SNR50 respectively. Twelve congenital visual impaired participants with age range of 18 to 40 years
were taken and equal in number with normal sighted participants. All the participants had normal hearing sensitivity
with normal middle ear functioning. Results: Individual with visual impairment showed superior threshold in MDT,
SRDT and SNR50 as compared to normal sighted individuals. This may be due to complexity of the tasks; MDT, SRDT
and SNR50 are complex tasks than GDT and DDT. Conclusion: Visual impairment showed superior performance in
auditory processing and speech perception with complex auditory perceptual tasks.
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INTRODUCTION

The "neural Darwinism" theory predicts that when
single sensory modality is not functioning, like congenital
visual impairment, the target structures are taken over by
the afferent inputs from other senses that will promote
and control their functional maturation'. Individuals
with congenital visual impairment have been found to
show better performance in auditory perceptual task?®
and memory tasks*. The inter-aural time difference
discrimination thresholds of blind individuals were
significantly shorter than those with residual vision and
controls®.

Temporal processing is an ability of an individual
to perceive and process the modulated stimuli at a rapid
rate, which facilitates the localization and lateralization
of sound, hearing discrimination, and auditory pattern
recognition. Temporal processing deficits include
difficulty in comprehending speech in the incidence of
background noise, difficulties in auditory performance
with competing signals, difficulty in auditory performance
with degraded acoustic signals, and difficulty following
verbal direction®. Frequency resolution refers to the ability
of the auditory system to discriminate and detach the
spectral components in a complex sound. Peripheral
auditory system is composed of bank of over lapping
band pass filters’. Spectral ripple tests are commonly
used to measure frequency resolution®. Spectral ripple
discrimination threshold is a reliable non-linguistic
measure of spectral resolution®.

Spectral processing and temporal processing is
important to gather the available spectral information to
understand the speech. In the presence of noise, hormal
hearing individuals have difficulty in understanding
speech than in quite. This difficulty is due to the spectral
overlying between the noise and speech, but this spectral
overlapping is not completely overlapping so there is
certain spectral information available for speech. If the
visualinputis absent, the person will rely upon one modality
that is auditory modality. Few studies have suggested that
localization and speech perception ability in individual
with visual impairment are comparatively higher than the
normal individuals™''. There has been limited research
done on temporal processing and frequency resolution
in individuals with visual impairment. Hence the aim of
the study was to assess the psychoacoustical measures
(temporal processing & frequency resolution) and
speech in noise score in individuals with congenital visual
impairment.

METHODS

There were two groups of participants in the
study. First group was congenital visual impairment
with normal hearing and the second group was control
group which included participants with normal vision
with normal hearing status. The present study adopted
a cross sectional comparative study design. Each group
consisted of 12 participants in the age range of 18-40

years (mean age 29.5), a total of 24 participants were
included for the study purpose. All the participants had
pure tone thresholds within normal limits that is 15 dBHL
with air-bone gap less than 10 dB at octave frequencies
between 250 Hz to 8000 Hz with A type tympanogram
and acoustic reflexes present. Participants with previously
diagnosed hearing problem (any type of hearing loss),
diabetics, comorbid psychiatric or neurological diseases,
cognitive deficits were excluded. Individuals with acquired
visual impairment were also excluded from the study.

To measure the hearing threshold, calibrated
diagnostic LADIE audiometer was used and to evaluate
the function of middle ear GSI Tympstar was used.
Using MATLAB version 7 software psychophysical and
speech perception tasks were carried out. Stimulus for
the task was presented through calibrated headphones
using personal computer dell inspiron N5050. The
entire psychophysical tests were done at participant
comfortable hearing level. The psychoacoustic measures
were obtained using different tests like Gap detection
test (GDT), Modulation detection threshold (MDT),
Duration discrimination test (DDT) and Spectral Ripple
Discrimination Threshold (SRDT). For above mentioned
tests the participants were informed to respond verbally.
For speech perception in noise task, the participants
were asked to repeat the sentences that were presented
to them. For all tests adequate training was given prior to
the testing to eliminate the bias.

Spectral ripple discrimination threshold

SRDT stimuli with spectral ripples were created in
MATLAB 7 environment. Amplitudes of the components
were determined by a full wave-rectified sinusoidal
envelope on a logarithmic amplitude scale. The ripple
peaks were equally spaced on a logarithmic frequency
scale. Bandwidth of the stimuli was in the100 to 5000 Hz
range. Phase reversal test: Standard and inverted ripple
stimuli were generated. For standard ripples, the phase
of the full-wave rectified sinusoidal spectral envelope was
created using ‘sin’ function; and for inverted ripples, it
was ‘cos’ function. Two types of test stimuli were created
using standard and reversed ripples; the ‘standard-
standard’ ripple and the ‘standard-inverted’ ripple. For the
standard-inverted ripple, there was a spectral change at
1s; whereas there was no spectral change for standard-
standard stimulus. Participants were asked to identify
the standard-inverted’ ripple stimuli from the signals.
In spectral ripple, depending on number of ripples the
ripple density increased, and when ripple density was
more space between two consecutive ripples were less.
As the density increases discrimination between standard
and inverted ripple spectrum becomes difficult. That
means as the spectral ripple threshold gets better, the
discrimination performance enhances.

Modulation detection threshold

MDT was projected by using 2 alternate forced
choice (AFC) methods along with adaptive 2 down 1 up
procedure, which corresponds to 70.7% psychometric
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function. The carrier frequency was 500 Hz and carrier
wave was amplitude modulated at 8 Hz, 16 Hz, 32 Hz, and
64 Hz rates separately. The modulation frequencies that
are important for speech perception are 8 Hz, 16 Hz, and
32 Hz. Duration was 500 ms for the stimulus. Participant
had to identify the target interval which contains the
modulated tone by responding verbally.

Gap detection test

GDT was used to find the minimum gap needed
to identify the signal as a two signals. The duration of the
noise was 500 ms. Two signals were presented, one was
standard and other was target signal, the standard signal
duration was 500 ms and for target signals 500 ms with
varying gap (20-1 ms) was presented. Duration of the
gap in variable stimulus was adaptively varied using mlp
procedure based on participant response. A two-interval
alternative force choice procedure was used to track the
threshold. Participant task was to identify the target signal
containing gap by verbal response.

Duration discrimination test

DDT was used to identify the signal with longest
duration. The standard signal duration was 250 ms, total
three stimuli were presented with one having longer
duration compared to other two. The participants were
instructed to identify the longest signal. The duration of
the variable stimulus was adaptively changed using mlp
procedure based on participant response. To track the
threshold two intervals alternate forced choice procedure
was used.

Speech perception in noise (SPIN)

To identify the speech in noise quicksin protocol
was used. This protocol had a list containing 7 sentences,
with each sentence having varying signal to noise ratio
(SNR) from 20 dB to -10 dB in 5 dB steps. Each sentence
contained 5 key words presented with four talker babble
noise. Participants were asked to repeat the keywords, the
number of key words response was calculated. Quicksin
is the standard method which gives information regarding
SNR 50. In each participant SNR50 was calculated, that is
minimum signal-to-noise ratio required for the participant
to repeat 50% of the time words correctly.

SNR50 =i+(1xdj—(—dxc"”e“ j
2 w

Where, i = initial presentation level, d = step size,
Correct = No of keywords correctly identified, w = no of
keywords per SNR.

Statistical analysis

SPSS 16 (Version) was used to perform the
statistical analysis. Independent t' test was used to
compare between participants with congenital visual
impairment and normal sighted participants.

RESULTS

The current study was carried out to evaluate
the performance of temporal processing, frequency
resolution ability and speech perception in noise in

participants with congenital visual impairment and
normal sighted participants. MDT, GDT and DDT were
done to evaluate temporal processing, SRDT were used
to evaluate frequency resolution and SNR50 was used to
evaluate speech perception ability.

Present study showed higher threshold in
visually impaired participants than the normal sighted
participants for SRDT. The mean threshold for SRDT in
participants with visual impairment was 7.07 = 1.40 (SD)
and for normal sighted participants was 3.72 + 1.20 (SD).
The independent t test revealed a significant difference
between SRDT threshold [t(22) = -6.252, p = 0.000] in
visually impaired and normal sighted participants groups.

Independent 1’ test was performed to see the
significant difference across the modulation rate for
500 Hz carrier frequency. Results revealed a significant
higher mean threshold in congenitally visually impaired
participants than the sighted participants at 500 Hz carrier
frequency at 8 Hz [t(22) = 6.405, p = 0.000], 16 Hz [t(22)
= 5.067, p = 0.000], 32 Hz [t(22) = 5.338, p=0.000],
and 64 Hz [t(22) = 4.496, p = 0.000] modulation rate
respectively. Mean and standard deviations of MDT
thresholds for 500 Hz carrier frequency across four
modulation rates is shown in the Figure 1.

The mean GDT threshold for normal sighted was
2.75 = 0.72 (SD) and for visually impaired participants
was 2.48 = 0.54 (SD). The mean of DDT was 38.29 ms (SD
= 12.77) in normal sighted and 34.80 ms (SD = 10.32)
in visually impaired participants. The Independent ‘t’ test
result revealed that there was no significant difference
between normal sighted and congenital visual impaired
participants for GDT [t(22) = 1.046, p = 0.307] and DDT
[t(22) = 0.737, p = 0.469].

The mean score for congenitally visually impaired
participants was -3.75 = 1.35 (SD) and for normal sighted
participants was -2.41 = 1.31 (SD). Independent ‘1’ test
showed a significant better SNR50 scores in visually
impaired than the normal sighted participants [t(22)=
2.448, p = 0.023]. SNR50 results indicate that normal
sighted participants have poor mean score compared to
the congenitally visually impaired participants.
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Figure 1. Represent mean and SD values for MDT at 8 Hz, 16 Hz, 32
HZ, and 64 Hz modulation rate in normal sighted and congenital visual
impaired groups.
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DISCUSSION

The present study, based on the SRDT score,
reveals that the congenitally visually impaired participants
have better frequency resolution ability than that of
normal sighted participants. Spectral ripple task can
predict spectral resolution ability8. Short term memory
and other cognitive abilities are the most essential factors
for the discrimination of the stimulus'. There is enhanced
memory in visually impaired individuals as compared to
sighted participants'. Hence, enhanced memory could
be the reason for the superior performance of the visually
impaired participants than the normal sighted ones in
spectral ripple tasks.

The current study results indicated that for visually
impaired participants MDT thresholds were better
than that of normal sighted participants. However for
GDT and DDT there was no significant difference seen
between congenital visual impaired and normal sighted
participants. This finding implies that there is a superior
temporal processing ability in the participants with
visual impairment. Studies have reported that inferior
colliculus exhibits a huge variation in average spike rate
depending on amplitude modulated rate. It depicted that
information from auditory nerve reaches the cochlear
nucleus, from cochlear nucleus it travels to higher level
that this transformation completes at the level of inferior
colliculus' ¢, This superior performance in visual impaired
participants might be due to neural plasticity at the level
of the inferior colliculus.

There was no significant difference in GDT seen
between sighted participants and visually impaired
participants, concluding a similar processing taking
place in visual impaired and normal sighted participants.
Similar results were obtained in a study with no difference
observed between age matched sighted participant and
visually impaired participant'”. According to the authors,
the absence of significant difference in GDT might be
suggestive of the fact that gap detection is not substantially
altered in their sample of participants with early blindness
and suggested that alterations in auditory perception in
the participants with blindness reflect changes involving
more complex auditory mechanisms than those tapped by
gap detection. Literature also evidences that individuals
with visual impairment do not have better discrimination
abilities for pure tone audiometric thresholds than to
sighted participants, as it is not a complex discrimination
task5. No differences in GDT may also be due to simplicity
of the tasks and lesser sample size in this study.

Results of current study indicates that there is no
significant difference in DDT between congenitally visually
impaired and normal sighted participants. Studies have
proclaimed that based on complexity of the task, duration
discrimination performance can vary®. The visually
impaired participants having obtained excellent scores
in perceptual auditory tasks, such as pitch discrimination
or duration discrimination have been reported®. However,

the simplicity of the task adopted in the present research
would have resulted in contradictory observation.

Speech perception in noise was measured
using SNR50 and the results revealed better score for
congenitally visually impaired participants. There are
studies proposing visual impaired participants having
improved speech perception abilities when compared
with age matched sighted participants. The speech
discrimination scores were considerably greater in blind
individuals in all semantic levels'™. Visual impairment
showed enhanced processing of speech sounds in
especially congenital and early visual impairment®. There
was improved speech perception ability in visual impaired
participants with natural as well as synthetic ultra-fast
speech. For ultra-fast speech, significant activation was
seen in occipital cortex and left fusiform gyrus for visual
impaired participants®’. Hence the congenital visual
impairment have superior speech perception in noise due
to better frequency and temporal resolution.

CONCLUSION

The participants with congenital visual impairment
showed better performance in MDT, SRDT and SNR50 in
comparison with normal sighted participants. Participants
with visual impairment displayed better performance in
complex auditory perceptual tasks than simple tasks.
In visually impaired participants as one modality is
compromised, they rely more on other modalities.

REFERENCES

1. Edelman GM. Neural darwinism: Selection and reentrant signaling in
higher brain function. Neuron. 1993;10(2):115-25.

2. Gori M, Sandini G, Martinoli C, Burr DC. Impairment of auditory spatial
localization in congenitally blind human subjects. Brain. 2014;137(Pt
1):288-93.

3. Hétting K, Rdder B. Auditory and auditory-tactile processing in
congenitally blind humans. Hear Res. 2009;258(1-2):165-74.

4. Rokem A, Ahissar M. Interactions of cognitive and auditory abilities in
congenitally blind individuals. Neuropsychologia. 2009;47(3):843-8.

5. Yabe T, Kaga K. Sound lateralization test in adolescent blind
individuals. Neuroreport. 2005;16(9):939-42.

6. Yathiraj A, Maggu AR. Screening test for auditory processing (STAP):
A preliminary report. J Am Acad Audiol. 2013;24(9):867-78.

7. Johnson EE, Dillon H. A comparison of gain for adults from generic
hearing aid prescriptive methods: Impacts on predicted loudness,
frequency bandwidth, and speech intelligibility. J Am Acad Audiol.
22(7):441-59.

8. Aronoff JM, Landsberger DM. The development of a modified spectral
ripple test. J Acoust Soc Am. 2013;134(2):EL217-22.

9. Drennan WR, Anderson ES, Won JH, Rubinstein JT. Validation of a
clinical assessment of spectral-ripple resolution for cochlear implant
users. Ear Hear. 2014;35(3):€92-8.

10. Muchnik C, Efrati M, Nemeth E, Malin M, Hildesheimer M. Central
auditory skills in blind and sighted subjects. Scand Audiol.
1991;20(1):19-23.

11. Lessard N, Paré M, Lepore F, Lassonde M. Early-blind human
subjects localize sound sources better than sighted subjects. Nature.
1998;395(6699):278-80.

188

International Tinnitus Journal, Vol. 21, No 2 (2017)
www.tinnitusjournal.com



12. Levitt H. Transformed up-down methods in psychoacoustics. J
Acoust Soc Am. 1971;49(2):Suppl 2:467.

13. Won JH, Clinard CG, Kwon S, Dasika VK, Nie K, Drennan WR, et
al. Relationship between behavioral and physiological spectral-ripple
discrimination. J Assoc Res Otolaryngol. 2011;12(3):375-93.

14. Réder B, Résler F, Neville HJ. Auditory memory in congenitally blind
adults: a behavioral-electrophysiological investigation. Cogn Brain
Res. 2001;11(2):289-303.

15. Krishna BS, Semple MN. Auditory temporal processing : Responses
to Sinusoidally Amplitude-Modulated Tones in the Inferior Colliculus.
2000;84(1):255-73.

16. Yin B, Johnson JS, O'connor KN, Sutter ML. Coding of amplitude
modulation in primary auditory cortex. J Neurophysiol.
2011;105(2):582-600.

17. Weaver KE, Stevens AA. Auditory gap detection in the early blind.
Hear Res. 2006;211(1-2):1-6.

18. Fitzgibbons PJ, Gordon-Salant S. Age effects on duration
discrimination with simple and complex stimuli. J Acoust Soc Am.
1995;98:3140-5.

19. Starlinger |, Niemeyer W. Do the blind hear better? Investigations
on auditory processing in congenital or early acquired blindness. I.
Peripheral functions. Audiology. 1981;20(6):503-9.

20. Hugdahl K, Ek M, Takio F, Rintee T, Tuomainen J, Haarala C, et
al. Blind individuals show enhanced perceptual and attentional
sensitivity for identification of speech sounds. Brain Res Cogn Brain
Res. 2004;19(1):28-32.

21. Hertrich 1, Dietrich S, Moos A, Trouvain J, Ackermann H. Enhanced
speech perception capabilities in a blind listener are associated with
activation of fusiform gyrus and primary visual cortex. Neurocase.
2009;15(2):163-70.

189

International Tinnitus Journal, Vol. 21, No 2 (2017)
www.tinnitusjournal.com



