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Speech Perception in Quiet and in Noise Condition
in Individuals with Auditory Neuropathy Spectrum
Disorder
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OBJECTIVE: The study investigated the effect of noise on syllable perception in individuals with Auditory Neuropathy Spectrum Disorder (ANSD)
and compared that with the normal hearing individuals.

MATERIALS and METHODS: A total of 54 participants were considered, out of which 26 individuals were diagnosed with ANSD and 28 with nor-
mal hearing sensitivity. Syllable identification and discrimination were assessed in both the groups in quiet as well as +10 dB SNR.

RESULTS: All the individuals with ANSD performed poorer on syllable identification and syllable discrimination tasks compared to individuals with
normal hearing. Information transfer and d-prime analyses revealed that noise affects the perception of voicing information in individuals with
ANSD compared to place and manner information. Among the consonants tested, /pa/ was more resistant to noise.

CONCLUSION: Noise had deleterious effects on speech perception in individuals with ANSD. Low-frequency information appears to be more
susceptible to the effects of noise in individuals with ANSD.
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INTRODUCTION

Speech perception in the presence of noise is a ubiquitous problem in individuals with hearing impairment. Two important factors
that contribute to poor speech understanding in noise in individuals with hearing impairment are audibility and suprathreshold
auditory skills. It has been reported that some individuals with hearing impairment show poor speech understanding in presence
of noise even after being compensated for audibility owing to suprathreshold auditory deficits. Individuals with Auditory neurop-
athy spectrum disorder (ANSD) form one such group of individuals with suprathreshold auditory deficits. Individuals with ANSD
typically have normal otoacoustic emission and/or cochlear microphonics (indicating the normal functioning of cochlear outer hair
cells) along with the absent or severely abnormal auditory brainstem responses (indicating the disrupted auditory nerve activity).
Individuals with ANSD have disproportionate speech understanding problems in relation to their pure-tone hearing loss. They also
have poor suprathreshold auditory abilities, particularly those related to auditory temporal processing 2. Behavioral data shows
that speech recognition abilities in individuals with ANSD can range from poor recognition ability to fairly good recognition ability
B4 1n individuals with ANSD, the degree of speech perception deficits appear to be dependent on suprathreshold auditory deficits
rather than on audibility 2. Although it has now been well established that individuals with ANSD have severely affected speech
perception in noise skills, differential effects of noise on different consonants have not been studied. In individuals with cochlear
hearing loss, it has been shown that certain consonants are more resistant to noise compared to others .. To the best of our knowl-
edge, there is no published literature regarding consonantal confusions in the presence of noise in individuals with ANSD. This
information is essential as it can aid in planning rehabilitation strategies and may also give input to hearing aid designs.

MATERIALS and METHODS

Participants

A total of 54 individuals participated in the study. They included 26 individuals (14 males and 12 females) with ANSD and 28 age-
matched individuals with normal hearing. Individuals with ANSD were diagnosed by a certified audiologist following the recom-
mendations of Starr, Sininger, and Pratt .. Accordingly, all participants had preserved OAEs, abnormal auditory brainstem respons-
es, and normal tympanometry results with absent acoustic reflexes. The age range of the participants was 20-50 years with a mean
age of 27.5 years. All participants in the ANSD group had symptoms of difficulty in understanding speech. Table 1 shows the basic
demographic details and audiological findings of all individuals in the ANSD group.
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Participants in both the groups did not have any history of external
or middle ear problems, ototoxic drug usage, and exposure to loud
noise. Informed consent was obtained from all the individuals using
the informed consent form 7, This study was approved by the ethical
committee of the institute.

Stimuli

Four naturally produced speech stimuli /da/, /ma/, /pa/, and /ba/ were
used as stimuli. The stimuli were recorded using Pratt software with
MOTU sound card interface at a sampling frequency of 44100 Hz. All
stimuli were edited to have 240-ms duration. The duration was kept
same in order to avoid identification of the syllables based on dura-
tional cues. These four syllables were selected so that they represent
the place, manner, and voicing distinctions: /ba/-/da/ for place con-
trast, /ba/-/ma/ for manner, and /ba/-/pa/ for voicing. All the four sylla-

Table 1. Demographic details and audiological findings of individuals with ANSD

bles were mixed with speech noise to generate +10-dB signal-to-noise
ratio (SNR) using MATLAB 2010 (Mathworks Inc., Natick, MA, USA).

Procedure

All participants underwent two experiments: identification and dis-
crimination of stimuli. For both the experiments, participants were
seated in a quiet well-illuminated room. Stimuli were presented at
75-dB SPL through a loudspeaker connected to a laptop. The inten-
sity of the stimuli was calibrated at the beginning of the experiment
and regularly thereafter using SLM (B & K, 2270) and microphone
(type 4189).

Syllable Identification
Participants identified four syllables, /da/, /ma/, /pa/, and /ba/, in
quiet condition as well as in the presence of noise in a closed set

Configuration of hearing loss

Age (year)/ PTA (dB HL) Speech Identification Scores (%) (Lloyd & Kaplan, 1978)
Participant Gender Right Ear Left Ear Right Ear Left Ear Right Ear Left Ear
ANSD1 25/M 35 30 84 86 Raising Raising
ANSD2 20/M 31.25 325 68 84 Flat Flat
ANSD3 26/M 28.75 22 48 80 Raising Raising
ANSD4 55/M 46.25 47.5 84 80 Flat Flat
ANSD5 40/F 45 43.75 28 32 Raising Raising
ANSD6 35/M 30 225 40 44 Flat Flat
ANSD7 19/F 36.25 23.75 76 84 Peaked Raising
ANSD8 20/F 175 15 95 95 Flat Flat
ANSD9 20/F 325 36.2 60 40 Peaked Peaked
ANSD10 21/M 31.25 35 68 44 Raising Raising
ANSD11 21/F 10 125 68 76 Flat Flat
ANSD12 36/F 47.25 37.25 64 80 Raising Raising
ANSD13 18/M 28.75 25 92 96 Flat Flat
ANSD14 41/F 8.75 74 72 44 Flat Flat
ANSD15 16/F 37.5 28.75 70 80 Flat Flat
ANSD16 19/M 15 225 76 76 Flat Flat
ANSD17 29/M 43.75 51.25 84 80 Raising Raising
ANSD18 28/F 28.5 325 56 48 Peaked Peaked
ANSD19 26/F 46.25 40 90 90 Raising Raising
ANSD20 39/F 50 12.5 86 92 Flat Flat
ANSD21 17/F 33.75 47.5 32 36 Raising Raising
ANSD22 37/M 375 225 36 36 Raising Raising
ANSD23 34/M 28.5 35 76 72 Flat Flat
ANSD24 28/M 525 525 60 76 Raising Raising
ANSD25 28/M 53.7 57.5 92 92 Raising Raising
ANSD26 19/M 15 225 44 68 Flat Flat

PTA is the pure-tone average of 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz.
ANSD: auditory neuropathy spectrum disorder; PTA: pure tone average
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Table 2. Confusion matrix generated for individuals with normal hearing and for those with ANSD

A /ba/ /da/ /ma/ /pa/ B /ba/ /da/ /ma/ /pa/
/ba/ 279 0 0 3 /ba/ 235 0 0 6
/da/ 0 279 0 0 /da/ 1 280 0 0
/ma/ 0 1 279 0 /ma/ 0 0 279 0
/pa/ 1 0 1 277 /pa/ 44 0 1 274
C /ba/ /da/ /ma/ /pa/ D /ba/ /da/ /ma/ /pa/
/ba/ 204 33 0 58 /ba/ 107 55 23 51
/da/ 10 187 3 9 /da/ 38 94 17 24
/ma/ 14 19 257 22 /ma/ 45 31 158 6
/pa/ 32 21 0 171 /pa/ 70 80 62 179

A and B represent the confusion matrix for individuals with normal hearing in quiet and noise and C and D represent for individuals with ANSD in quiet and noise, respectively.

ANSD: auditory neuropathy spectrum disorder

paradigm. Each stimulus was presented 10 times, making a total of
80 stimulus presentations. Participants were instructed to carefully
listen to the stimuli presented and select the appropriate option de-
picting the orthographic script on a computer screen. Presentation
sequence was randomized and was not blocked by the conditions.
Presentation of the stimulus and collection of the responses were
controlled via Paradigm Stimulus presentation software . Respons-
es of the participants were analyzed using confusion matrices and
sequential information transfer analyses (SINFA) . Furthermore, re-
sponses were also analyzed for differential effects of noise on con-
sonants.

Syllable Discrimination

Syllable discrimination was assessed using the “AX” paradigm. Sylla-
bles were paired with another syllable that had one different feature.
Thus, in total, there were six pairs of stimuli: /ba-da/, /ba-ma/, /ba-pa/,
/da-ma/, /da-pa/, and /ma-pa/ that were presented in quiet and in the
presence of +10-dB SNR. Each pair was presented 10 times. In addition,
40 catch trials were randomly presented in between. In catch trials,
both the stimuli belonged to the same category (/ba-ba/, /ma-ma/, /
pa-pa/, and/da-da/). The total number of presentations for each par-
ticipant, including the catch trial, was 160. Presentation sequence was
randomized and was not blocked by the conditions. The participants
performed same/different judgment tasks. They were provided with a
laptop placed in front of them with two blocks shown on the screen.
The blocks had an orthographic script as “same” and “different”. They
had to listen to the stimuli presented through the loudspeaker and se-
lect the appropriate response on the laptop screen.

Data Analyses

The data obtained from the syllable identification task were analyzed
using SINFA, and the data obtained from the syllable discrimination
task was analyzed by estimating d-prime (d’). SINFA analysis was per-
formed using FIX software (developed by University College of Lon-
don), and the procedure followed was according to that followed by
Wang and Bilger ..

d’ is an estimate of the strength of the signal. It is the statistic that in-
corporates both hit rate and false alarm rate. Hit rate is defined as the
percentage of correct identification of the target stimuli, and false
alarm rate was defined as the percentage of incorrect identification

of the target in the control condition. Both SINFA and d' measure
were used to analyze the data obtained from this study.

RESULTS

The data from all the participants were added up together to create
a confusion matrix, separately for each participant group and listen-
ing conditions. Table 2A-D shows confusion matrices for individuals
with normal hearing in quiet and in noise and for those with ANSD in
quiet and in noise, respectively. In these confusion matrices, rows rep-
resent the stimuli presented and the column represents the response
of the participants. The total number of correct responses can be ob-
tained by summing the numbers occurring along the main diagonal
line. It can be seen from the confusion matrices that addition of noise
increased consonant confusions in individuals with normal hearing
and in those with ANSD. However, the noise more drastically increased
confusions in individuals with ANSD compared to those with normal
hearing. SINFA analysis was separately carried out on each of the con-
fusion matrices. The result of SINFA analyses is shown in Figure 1. From
Figure 1, it can be seen that total information transited was maximum
for individuals with normal hearing in quiet, followed by individuals
with normal hearing in noise, those with ANSD in quiet, and those
with ANSD in noise. The addition of noise resulted in a reduction in
place, manner, and voicing features by a small amount in individuals
with normal hearing. In contrast, in the ANSD group, addition of noise
resulted in drastic reduction of total information transmitted, as well as
of individual features. Information transfer was reduced by more than
50% in +10-dB SNR condition in the ANSD group compared with that
in the quiet condition. In individuals with ANSD, manner information
transferred was 0.588 in quite, but it reduced to 0.174 when the noise
was added. Similarly, place information transferred was 0.456 in qui-
et and reduced to 0.094 when noise was added; voicing information
transfer reduced from 0.1990 to 0.062 with the addition of noise. The
total transmitted information was 1.051 in quiet, which got reduced
to 0.299 in the presence of noise. Furthermore, it can also be observed
that noise uniformly reduced the transmission of all features by small
amounts in individuals with normal hearing. A similar pattern was
observed in individuals with ANSD, but the reduction in information
transfer was substantial.

In addition to SINFA, the effect of noise on each of the four syllables
was separately analyzed in both the groups. The average syllable
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identification score was calculated as the ratio of the total number of
syllables correctly identified to the total number of syllables present-
ed. This was subtracted from 1 to obtain the syllable identification
error. These results are shown in Figure 2. From Figure 2, it can be
seen that individuals with normal hearing had close to 0% error in
identification of all four syllables. Individuals with ANSD identified all
four syllables above chance (75% error or more) levels in both quiet
and at +10-dB SNR conditions. Among the syllables, /ma/ was rela-
tively easy to identify, followed by /ba/, /da/, and /pa/ for individu-
als with ANSD in quiet. Addition of noise substantially reduced the
identification scores of /ba/, /da/, and /ma/. Surprisingly, the noise
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Figure 1. The performance of individuals with ANSD and those with normal
hearing in the syllable identification task.
ANSD: auditory neuropathy spectrum disorder
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Figure 2. Average syllable identification error for individuals with ANSD and
for those with normal hearing.
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Figure 3. The performance of individuals with ANSD and those with normal
hearing in the syllable discrimination task.
ANSD: auditory neuropathy spectrum disorder

did not have any effect on the identification of the syllable /pa/. From
this analysis, it appears that /pa/ is relatively insensitive to noise com-
pared with other consonants in individuals with ANSD. Significance
of these differences was separately evaluated in each group using
non-parametric statistical tests. Results showed that in individuals
with normal hearing, the errors were significantly higher in the +10-
dB SNR condition compared to those in the quiet condition only for
syllable /ba/ (z=—2.55, p=0.01), whereas in individuals with ANSD,
noise significantly affected the identification scores of all speech
sounds, except syllable /pa/ (z=—0.705, p=0.481). These results con-
firmed the observations and interpretations of Figure 2.

d’ scores for syllable discriminations were calculated using the fol-
lowing formula:
d’'=z(Hit)—z(False alarm)

Higher d’ scores indicate better discrimination ability. Figure 3 shows
d’ scores for six syllable pairs evaluated. From the Figure 3, it can be
seen that discrimination abilities of individuals with normal hearing
were relatively insensitive to noise, except for the /ba-pa/ pair. How-
ever, in individuals with ANSD, discrimination abilities of all syllables
pairs were substantially poorer in the +10-dB SNR condition com-
pared with the quiet condition. These observations were confirmed
by performing the non-parametric statistical test. Results of the
non-parametric tests revealed that d’ scores of individuals with nor-
mal hearing were significantly poorer in noise condition compared
to those in the quiet condition only for the /ba-pa/ pair (z=2.26,
p=0.024), whereas individuals with ANSD had significantly poor d’
scores in the noise condition for all four syllable pairs.

DISCUSSION

Individuals with ANSD had poor syllable identification as well as poor
syllable discrimination abilities compared with those with normal
hearing. Poor speech perception, in both quiet and noise, is a hall-
mark symptom of ANSD and has also been reported by other inves-
tigators "%, Poor speech perception in ANSD has been primarily
attributed to poor temporal processing skills 12416, [ndividuals with
ANSD are relatively insensitive to gaps and modulations in an ongo-
ing sound stream. Processing and perception of gaps and modula-
tions are crucial for speech understanding, and inability to perceive
these cues may result in poor speech identification in individuals
with ANSD. It has been shown that the addition of noise to the signal
affects the temporal envelope of the speech. This disturbance could
be in terms of either addition of extra modulation or removal of the
required modulation in the signal, which might lead to confusion in
the perception of the speech signal "7 18],

Sequential information transfer analyses analyses showed that indi-
viduals with normal hearing perceived place information better than
manner information, followed by voicing information. However, indi-
viduals with ANSD perceived manner information better than place
information, followed by voicing information. Typically, place infor-
mation is cued by spectrotemporally dynamic formant transitions '
201t has been shown that individuals with ANSD have difficulty in
perceiving dynamic stimuli ['"2 '3, Therefore, individuals with ANSD
may find it difficult to perceive place information. Perception of the
voicing information was poorest in individuals with ANSD and was
close to zero. Even in discrimination task, individuals with ANSD



found it difficult to discriminate /pa-ba/ (differs in voicing feature)
compared to other pairs. Voicing information in Indian languages is
perceived through low-frequency pre-voicing cues. Coding of the
low-frequency sounds primarily depends on phase-locked responses
from auditory nerve fibers 2", Individuals with ANSD find it difficult
to use phase-locking cues to the same extent as those with normal
hearing; hence, the perception of voicing cues may be more adverse-
ly affected in ANSD than in other features.

Another interesting observation from the present study was that
noise had differential effects on the identification of syllables. I[den-
tification of the syllable /pa/ was not influenced by the addition of
noise, whereas identification of all other consonants drastically re-
duced in individuals with ANSD when noise was added. Reasons for
these differential effects are not clear to us at present.

CONCLUSION

All the individuals with ANSD performed poorly in the syllable iden-
tification and syllable discrimination tasks compared to those with
normal hearing. The performance of individuals with ANSD drasti-
cally deteriorated in the presence of noise. Individuals with ANSD
showed more trouble in identifying/discriminating low-frequency in-
formation, especially in the presence of noise. This information might
be useful while rehabilitating individuals with ANSD and might
throw light on features that are difficult to perceive. This will help in
planning a hierarchical training paradigm. Training can also be start-
ed with the identification/discrimination of mid- and high-frequency
speech sounds and moved to low-frequency sounds as it is difficult
to perceive low-frequency signals in the presence of noise.

Ethics Committee Approval: Ethics committee approval was received for this
study from the ethics committee of All India Institute of Speech and Hearing,
Mysore, Karnataka, India.

Informed Consent: Written informed consent was obtained from all the indi-
viduals who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - K.A.,, A.UK, Design - K.A., A.UK,; Supervision
- A.UK.; Resources - K.A., A.U.K,; Materials - K.A., A.UK,; Data Collection and/or
Processing - K.A.; Analysis and/or Interpretation - K.A., A.U.K; Literature Search
- KA, A.UK.; Writing Manuscript - KA., A.UK;; Critical Review - K.A., A.UK.

Acknowledgements: We sincerely thank Director, All India Institute of Speech
and Hearing and Head, Department of Audiology. We like to thank all the par-
ticipants of this study.

Conflict of Interest: No conflict of interest was declared by the authors.

Apeksha and Kumar. Speech Perception in Quiet & in Noise in ANSD

Financial Disclosure: The authors declared that this study has received no
financial support.

REFERENCES

1. Kumar UA, Jayaram M. Speech perception in individuals with auditory
dys-synchrony. J Laryngol Otol 2011; 125: 236-45. [CrossRef]

2. Kumar UA, Jayaram M. Speech perception in individuals with auditory
dys-synchrony: effect of lengthening of voice onset time and burst dura-
tion of speech segments. J Laryngol Otol 2013; 127: 656-65. [CrossRef]

3. Berlin C, Hood L, Montgomery E, Shallop J, Benjamin A, Frisch SA. Multi-
site diagnosis and management of 260 patients with Auditory Neurop-
athy / Dys-synchrony ( Auditory Neuropathy Spectrum Disorder ). Int J
Audiol 2010; 49: 30-43. [CrossRef]

4. Narne VK, Prabhu P, Chandan HS, Deepthi M. Audiological profiling of
198 individuals with auditory neuropathy spectrum disorder. Hear Bal-
anc Commun 2014; 12: 112-20. [CrossRef]

5. Phatak SA, Yoon YS, Gooler DM, Allen JB. Consonant recognition loss in
hearing impaired listeners. J Acoust Soc Am 2009; 126: 2683-94. [CrossRef]

6.  Starr A, Sininger YS, Pratt H. The varieties of auditory neuropathy. J Basic
Clin Physiol Pharmacol 2000; 11: 215-30. [CrossRef]

7. Venkatesan S. Ethical Guidelines for Bio-behavioral Research Involving
Human Subjects. 2009.

8.  Systems PR. Paradigm Stimulus Presentation. 2007.

9. Wang MD, Bilger RC. Consonant confusions in noise: a study of perceptu-
al features. J Acoust Soc Am 1973; 54: 1248-66. [CrossRef]

10. Kumar AU, Jayaram M. Prevalence and Audiological characteristics of au-
ditory neuropathy. Int J Audiol 2006; 45: 360-6. [CrossRef]

11. Kumar AU, Jayaram M. Auditory processing in individuals with auditory
neuropathy. Behav Brain Funct 2005; 1: 1-8. [CrossRef]

12. Rance G, McKay C, Grayden D. Perceptual characterization of children
with auditory neuropathy. Ear Hear 2004; 25: 34-46. [CrossRef]

13. ZengF, Oba s, Garde S, Sininger, Starr A. Temporal and speech processing
deficits in auditory neuropathy. Neuroreport 1999; 10: 3429-35. [CrossRef]

14.  ZengF, Kong Y, Michalewski H, Starr A. Perceptual consequences of disrupt-
ed auditory nerve activity. J Neurophysiol 2005; 93: 3050-63. [CrossRef]

15. Starr A, Picton TW, Sininger Y, Hood LJ, Berlin Cl. Auditory neuropathy.
Brain 1996; 119: 741-53. [CrossRef]

16. ZengF, Oba CAS, Garde S, SiningerY, Starr A. Temporal and speech processing
deficits in auditory neuropathy. Neuroreport 1999; 10: 3429-35. [CrossRef]

17. Drullman R. Temporal envelope and fine structure cues for speech intel-
ligibility. J Acoust Soc Am 1995; 97: 585-92. [CrossRef]

18. Drullman R, Festen JM, Plomp R. Effect of temporal envelope smearing
on speech reception. J Acoust Soc Am 1994; 95: 1053-64. [CrossRef]

19. Lahiri A, Gewirth L, Blumstein SE. A reconsideration of acoustic invari-
ance for place of articulation in diffuse stop consonants: Evidence from a
cross-language study. J Acoust Soc Am 1984; 76: 391-404. [CrossRef]

20. Ohde RN, Stevens KN. Effect of burst amplitude on the perception of
stop consonant place of articulation. J Acoust Soc Am 2015; 74: 706-14.
[CrossRef]

21. Greenberg S. Auditory processing of speech. Principles of Experimental
Phonetics. 1995. p.362-407.


https://doi.org/10.1017/S0022215110001854
https://doi.org/10.1017/S0022215113001278
https://doi.org/10.3109/14992020903160892
https://doi.org/10.3109/21695717.2014.938481
https://doi.org/10.1121/1.3238257
https://doi.org/10.1515/JBCPP.2000.11.3.215
https://doi.org/10.1121/1.1914417
https://doi.org/10.1080/14992020600624893
https://doi.org/10.1186/1744-9081-1-21
https://doi.org/10.1097/01.AUD.0000111259.59690.B8
https://doi.org/10.1097/00001756-199911080-00031
https://doi.org/10.1152/jn.00985.2004
https://doi.org/10.1093/brain/119.3.741
https://doi.org/10.1097/00001756-199911080-00031
https://doi.org/10.1121/1.413112
https://doi.org/10.1121/1.409836
https://doi.org/10.1121/1.391580
https://doi.org/10.1121/1.389856

