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Effect of Gain and Digital Noise Reduction on hearing aid in Low annoyance and High
annoyance group
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Abstract

The present study assesses the effect of Digital Noise Reduction and gain on Most Comfortable Level, Background
Noise Level, Acceptable Noise Level and Speech in Noise Ratio 50 from within and between low and high
annoyance groups. In addition, combined effect of DNR and gain was investigated on MCL, BNL, ANL and SNR
50 from within and between low and high annoyance groups. Two experiments were performed. In experiment-1
only five participants were involved on whom deviation of gain from user and prescriptive gain was obtained.
This helped to assign the gain variation in experiment-2. Eight listeners in low annoyance group and twelve
listeners in high annoyance group were participated in the study. In experiment-2, ANL and SNR-50 was ob-
tained in aided condition with varying gain from prescriptive target gain in activating and deactiving DNR in
hearing aid. It was found that the ANL and SNR-50 score was better in -3 dB gain in DNR activated condition
than compared to DNR ‘off’ condition. It was also found that ANL and SNR-50 score was better in low annoyance
group individuals compared to high annoyance group individuals. Overall, the results reveal that the annoyance
level was reduced in -3 dB gain below the prescriptive formula in DNR activated condition for both low and high
annoyance groups. Results showed that, annoyance level reduced for both groups of participants by activating

DNR in hearing aid and also reducing 3 dB gain from prescribed target
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INTRODUCTION

Individuals with cochlear hearing loss frequently
complain that their hearing aids are of limited benefit.
Most of the adults who use hearing aids complain of
difficulty to understand speech in the presence of noise
(Cord, Surr, Walden, & Dyrlund, 2004). Kochkin (2002)
reported that naive hearing aid users initially find it
difficult to listen due to the constant noise generated
in hearing aid leading to rejection of hearing aid. Even
with well fitted hearing aids, some of the users do not
perform well and or though they perform well with their
aid, background noise makes them feel annoyed
(Hawkins & Yacullo, 1984). Thus, one of the common
performance related complain with the hearing aid is
annoyance created by background noise (Kirkwood &
Soulsby, 2005). In literature, there is a mixed opinion
with regard to the benefit from the hearing aid. The
users may benefit from hearing aid in quiet condition.
However in presence of noise, there are equivocal
reports on benefit of hearing aids. Alcantara, Moore,
Kuhnel and Launer, (2003) reported that users are
benefitted with the hearing aid even in the presence of
hearing loss. Whereas, Gustafsson and Arlinger (1994)
documented controversial evidence that the hearing aid
users are unable to comprehend the message in the
presence of noise. In such circumstance, the clinicians
tend to increase the gain with the premise that signal
level become relatively more than the noise level.

In some condition where older adults preferred user
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gain of 10 to 15 dB lesser than prescriptive gain provided
by NAL formula (Leijon, Eriksson, Mangold & Bech-
Karlson,1984). They justified their result of lesser gain
preferred by study participants is because of binaural
fitting. In another condition where the older adults in
the initial fitting may seek higher gain though the
amplification provided by prescriptive formula.
Meenakshi and Rajalakhsmi (2006) reported that
participants user gain was high compared to that of
prescriptive gain. Although the perception might
improve with increase in gain, but at the same time
annoyance level also increases (Nabelek, Tampas, &
Burchfield, 2004). This is because the noise level
increases in relation to the increased gain (Billings,
Tremblay, & Miller, 2011). Further, to the external noise
in the environment, same amount of gain is provided
which is supposed to be given to the speech signal
alone. It appeared that there is a equivocal findings on
deviation of user and target gains. Thus, in the present
study of experiment-1 the deviation between preferred
and prescribed gains are documented to establish
assignment of gain variations for the experiment -2.

Kochkin (2002) reported that about 22 % of hearing aid
users reject their hearing aid because of background
noise. To overcome this problem the hearing aid
manufactures implemented noise reduction algorithm
in the hearing aid circuitry (Schum & Donald, 2003).
The noise reduction algorithm separates the speech
(higher modulation depth) from noise (low modulation
depth) through identifying the inherent modulation
depth in the signals. To the separated signal the gain is
provided to the speech having higher modulation depth.



Oliveira, Lopes, and Alves (2010) reported that
activation of DNR in hearing aid significantly improved
perception of speech in the presence of noise. However,
noise was not removed from the hearing aid. That is,
even after activation of noise reduction circuit in hearing
aid some amount of residual noise is still present. With
this residual noise there might be annoyance to the
hearing aid users. To quantify the annoyance level
accurately, a subjective measurement of acceptable
noise level was utilized in the present study.

Acceptance noise level is a measure of the willingness
to accept background noise while listening to speech
(Nabelek, Tucker, & Letowski, 1991). Acceptance noise
level is calculated by taking the difference between the
most comfortable level (MCL) for running speech and
the maximum background noise level (BNL) that a
listener is willing to accept. The ANL ranges between -
3.5 and 27 dB (Plyler, Alworth, Rossini, & Mapes, 2011)
which is measured reliably (Nabelek, et al, 2004). It
predicts hearing aid user for an accuracy of about 85 %
of the time (Freyaldenhoven, Plyler, Thelin, &
Muenchen, 2008).

The ANL is not affected by age (Branstrom, Lantz,
Nielsen, & Olsen, 2011), gender of the speaker and
language (Branstrom, Lantz, Nielsen, & Olsen, 2011),
part time and full time hearing aid users
(Freyaldenhoven, et al, 2008), naive and experienced
users (Nabelek, Tampas, & Burchfield, 2004), type of
background noise level (Nabelek, Tucker & Letwoski,
1991) and no relation between speech perception and
annoyance level (Nabelek, Tampas, & Burchfield, 2004).
However, the acceptable noise level is of central origin,
which was confirmed by electophysiological measures
(Tampas & Harkrider, 2006). Nabelek, Freyaldenhoven,
Tampas, Burchfield and Muenchen, (2006) reported that
those individuals who accept more background noise
have smaller ANL value and tend to be a good hearing
aid users. Lowery (2008) conducted study on the effect
of digital noise reduction on ANL. It was found that 4
dB reduction from their original ANL value after
activation of digital noise reduction. However, there is
a dearth of literature on the effect of DNR and gain on
acceptance of noise and speech reception threshold in
noise on low and high annoyance groups. The following
research question is put forth: How the annoyance level
and speech perception in noise varied in low and high
annoyance group by activating and deactivating DNR
at varied gain? Further, it is hypothesized that the
decrease in gain and activation of digital noise reduction
in hearing aid have no effect on annoyance level and
speech perception in noise on either low annoyance or
in high annoyance group.

Cochlear hearing impairment individuals often complain
to understand speech, especially in background noise.
Frequency selectivity is usually reduced in individuals
with cochlear hearing loss. Whereas, in advanced age
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accompanied by hearing loss temporal resolution is
likely to be impaired in them. There are several studies
(Festen, 1987; Glasberg et al., 1987; Moore & Glasberg,
1988; Glasberg & Moore, 1989; Festen & Plomp, 1990;
Plomp, 1994; Glasberg & Moore, 1992; Festen, 1993;
Nilsson et al., 1994; Moore, 1995; Grant & Walden, 2013)
conducted on speech recognition in cochlear hearing
loss at different SNRs. Individuals with cochlear loss
required higher SNR level to achieve same performance
of normal hearing individuals. In addition, difference in
SRT for normal and hearing-impaired individuals varies
greatly depending on the nature of the background
sound. Ifthe background noise used as speech-shaped
noise then SRTn difference between normal and hearing-
impaired individuals ranged from 2 to 5 dB (Glasberg &
Moore, 1989; Plomp, 1994). Whereas, in other
background noise such as single competing talker, time-
reversed talker or an amplitude-modulated noise the
difference in SRTn can be much larger, ranged from about
7 dB up to about 15 dB (Souza & Turner, 1994, Peters,
Moore & Baer, 1996). Thus, speech recognition in noise
from cochlear hearing loss varies based on type of
background noise in which it masks the temporal and
spectral content of speech. Further, in case of
informational masking such as single talker and four
talkers babble hearing-impaired individuals fails to take
advantage of “dips” in the competing voice. These dips
may be of two types: temporal and spectral. Temporal
dips are momentary fluctuations in overall signal to noise
ratio, especially during brief pauses in speech or during
production of low energy sounds. In the region of
temporal dips the signal strength is found to be relatively
higher than that of background noise, this allows brief
‘glimpses’ to be obtained from the target speech. The
spectral dips arise because the spectrum of the target
speech is usually different from that of the background
speech measured over any short interval. Although parts
of the target spectrum may be completely masked by
the background, other parts may be hardly masked at
all. Thus, parts of the spectrum of the target speech
may be “glimpsed”” and used as cue to follow speech in
competing noise. Van Tassel (1993) reported possible
factors in the reduction of speech recognition in noise.
Cochlear hearing loss subjects have broadened auditory
filters. Wider auditory filters do not mean that it removes
information from speech rather; it impedes the transfer
of spectral and temporal information. It can be expected
that spectral peaks and valleys in stimulus are smoothed
out in those individuals with SNHL. In addition, upward
spread of masking is common i.e., the higher frequency
components of speech are masked by the higher
amplitude of vocalic sounds or maskers of low
frequencies, which is found to be one of confronting
factors in SNHL. It was also speculated that that only
few auditory filters are available for analysis but noise
accompanied with stimulus taxes these available filters
such that noise accumulates in functioning filters leading
to reduced recognition in lesser SNRs.
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To summarize, hearing-impaired individuals gained much
less advantage from spectral and temporal dips to
recognize speech in background noise than compared
to normal hearing individuals. If the spectral and temporal
content of noise is closer to the target speech stimulus
then its effect on speech recognition is exacerbation.

METHOD

A total of thirty participants with in age range from e”
60 to d” 75 having acquired bilateral mild to severe
sloping sensorineural hearing impairment were
involved. Those study participants suffering from
hearing loss is operationally defined as d” 30 dB HL at
0.25kHztod”2kHzand e” 55to d” 75 dB HL from 4 kHz
to 8 kHz (Pittman, & Stelmachowicz, 2003). The speech
recognition score was € 70 % (Dirks, & Wilson, 1969).
All participants had normal middle ear status as
indicated by ‘A’ type tympanogram. Each participant
had adequate speech and language skills and fluent in
speaking Kannada. None of them had previous
experience with hearing aid. Further, participants had
no complain of neurological, psychological, cognitive
or otological problems.

Materials

Phonemically balanced (PB) word lists in Kannada
developed by Yathiraj and Vijayalakshmi (2005) was used,
to find out the closed set speech identification score.
Kannada passage (Sairam & Manjula, 2002) was used to
obtain MCL, BNL and ANL. A standardized five lists of
Kannada sentences were used to obtain SNR 50.

Procedures: In experiment 1, a total of five participants
who satisfied the participant inclusion criteria were
involved. This experiment was conducted to establish
the deviation of gain by subtracting the preferred gain
from that of prescriptive gain as a function of frequencies
(at octave frequencies from 0.25 kHz to 4 kHz). Hearing
aid was connected to HiPro which is in turn connected
to computer in which NOAH and hearing aid specific
software were installed. The participant hearing
threshold was entered in audiogram module. Through
the hearing aid software, the hearing aid was detected.
The prescriptive formula NAL-NL1 was selected to
prescribe gain appropriate to the participant hearing
loss. The first fitting option with acclimatization two
was selected for programming the hearing aid. Real ear
measurement was done

To calculate SNR-50, Ten sentences embedded at
different SNRs were randomized. Each sentence was
presented bilaterally at the MCL. The participant was
instructed to repeat the sentence heard. The SNR level
at which the testing started (L) and number of
recognized target words in each sentence was noted
down. The total number of target words from all
sentences were added (T). In addition, the total number
of words per decrement (W) and SNR decrement step
size in each sentence (d) was noted down. The obtained
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values was substituted to the given equation adapted
by Spearman- Karber to determine SNR 50 % (Finney,
1952). The equation used to calculate the SNR 50 is 50
% point =L+ (0.5*d)—d (T)/ W.

Results

The aim of the first experiment was to investigate the
amount of deviation of gain across frequencies between
preferred and prescriptive gain. The data of preferred
and prescriptive gain was descriptively analyzed at each
frequency. The second experiment was taken up to
investigate the effect of digital noise reduction and gain
in hearing aid on MCL (Most comfortable level), BNL
(Background noise level), ANL (Acceptable noise level)
and SNR 50 (Speech to noise ratio 50) in low and high
annoyance groups. The data of MCL, BNL, ANL and
SNR 50 in DNR ‘on’ and ‘off” conditions at different
gains (prescriptive gain, -3dB gain, -5dB gain) from two
groups were subjected to statistical analyses. The
Statistical Package for Social Sciences (SPSS) software
(version 17) was utilized to carry out the statistical
analyses. The analyses performed under each objective
are reported. Before performing inferential statistical
analyses we conducted Kolmogorov-Smirnov normality
test and Levene’s homogeneity test for the data of
experiment-2. The result revealed the data of each
experimental condition is normally distributed (p>0.05)
and homogenous between groups (F<2).

Experiment -1

To compare between preferred and prescriptive gain in
study participants.

Descriptive analysis was performed for target gain and
user gain from frequencies 0.5 kHz to 4 kHz (in octaves)
. Over all mean scores of preferred gain was lesser than
compared to prescriptive gain when real ear insertion
gain was measured. At 0.5 kHz and 2 kHz the amount of
gain deviates were relatively less than compared to other
two frequencies 1 kHz and 4 kHz (Figure -1). At0.5 kHz
the gain deviates within range of 0 to 6 dB. Where as at
1 kHz the difference between user gain and target gain
range between 6 to 12 dB. At 2 kHz and 4 kHz the
deviation between preferred and prescriptive target gain
found to have a range of 0 to 9 dB and 10 to 17 dB,

respectively.
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Figure-4.1. Representing average prescriptive and
preferred gains as a function of frequencies from 0.5 to
4 kHz in octaves.



Experiment -2

To compare MCL between DNR ‘on’ and ‘oftf” conditions
at each gain from two groups of study participants.

The mean MCL and standard deviation from two groups
of participants were tested under digital noise reduction
(DNR) ‘on’ and ‘off” conditions at 3 different gains
(prescriptive gain, -3 dB and -5 dB) . In low annoyance
group the mean MCL was reduced in DNR ‘off’
condition than compared to DNR ‘on’ condition at
prescriptive gain and -5 dB gain. Whereas, at -3 dB gain
MCL was reduced in DNR ‘on’ condition than compared
to DNR ‘off” condition. Besides, in high annoyance
group, the MCL was reduced in DNR ‘on’ condition
than compared to DNR ‘off” condition at -3 dB gain and
-5 dB gain. However, at prescriptive gain the MCL
reduced in DNR °‘off’ condition than compared to DNR
‘on’ condition. It was also observed that in both low
and high annoyance groups, the value of MCL at -3 dB
gain was decreased compared to -5 dB gain and
prescriptive gain, whereas, at -5 dB gain the MCL was
increased compared to -3 dB gain and prescriptive gain,
when the DNR was activated in hearing aid. From both
groups, in DNR ‘off” condition, the MCL increased with
reduced gain. In addition, the MCL was higher in high
annoyance group than compared to low annoyance
group in both DNR on and off conditions at each gain.

To evaluate the effect of DNR and gain on MCL from
two groups, a two way repeated measures ANOVA [DNR
‘on’ and ‘off’ conditions; and three gains (prescriptive,
-3,-5) with between subject factor as groups (low and
high annoyance) was carried out. The result revealed a
significant main effect of gain [F (2,36)=10.37, P=0.000],
such that value of MCL increased with reduced gain. In
addition, a significant main effect of group [F (1, 18) =
409.70, P= 0.000] was observed in which the MCL
reduced in low annoyance group than compared to high
annoyance group. Further, interaction effects were
found to have no significant difference. Since, there
was no difference in MCL between DNR ‘on’ and ‘off”
conditions, the data were combined and compared
between gains in each group.

In addition, to evaluate the gain (Figure-2) at which
caused significant difference in MCL, a post hoc analysis
was conducted using paired samples t-test with
corrected mean to control type I error. This was done in
each group. Three paired samples t test were conducted
separately in two groups to see the effect of gain on
MCL. Thus, the alpha value yielded 0.016 instead of
0.05. In low annoyance group, though the mean MCL
increased with reduced gains the result of paired
samples t tests were revealed no significant difference
between gains. However, in high annoyance group, it
was noted that MCL was significantly increased at -5
dB gain than compared to prescriptive gain (t (23) =-
4.10, p=0.000) and at -3 dB gain, respectively (t (23) =-
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3.02, p=0.006). Although the MCL increased at -3 dB
gain than compared to prescriptive gain, it did not reach
significant.
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Figure-4.2. Representing most comfortable level as a
function of gain. Red circle and square with dotted line
represents MCL obtained from low annoyance group
from DNR on and off conditions respectively. Filled
trigangle and circle with solid line represents MCL
obtained form high annoyance group from DNR on and
off conditions respectively.

Further, to determine the groups in which caused
significant difference in MCL at different gains, a
MANOVA was conducted. The result of MANOVA
showed that there was a significant difference between
groups at prescriptive gain [F (1, 38)=9.78, P=0.03], -3
dB gain [F (1,38)=17.35,P=0.000] and -5 dB gain [F (1,
38)=10.49, P=0.001], such that the MCL reduced in low
annoyance group than compared to high annoyance
group.

To compare BNL between DNR ‘on’ and ‘off”’ conditions
at each gain from two groups of study participants.

The mean BNL and standard deviation from two groups
of participants in DNR ‘on’ and ‘off” conditions at 3
different gains (prescriptive gain, -3 dB and -5 dB) are
tabulated in Table -3. In both low and high annoyance
groups, the BNL was increased with decrease in gain in
each DNR ‘on’and ‘off” condition. It was also observed
that the BNL was higher in DNR ‘on’ condition than
compared to DNR ‘off’ condition at each gain in both
high and low annoyance groups. In addition, the BNL
was higher in low annoyance group than compared to
high annoyance group at each gain in both DNR ‘on’
and ‘off” conditions.

To evaluate the effect of DNR and gain on BNL from
two groups, a two way repeated measure ANOVA [DNR
‘on’ and ‘off’ conditions; and 3 gain conditions
(prescriptive, -3 ,-5) with between subject factor as
groups (low and high annoyance) was carried out. The
result revealed a significant main effect of gain [F (2, 36)
=5.00,P=0.012], such that increased BNL was observed
with reduced gain. In addition, main effect of group on
BNL was found significant [F (1, 18)=10.37,P=0.05], in
which higher BNL was seen in low annoyance group
than compared to high annoyance group. Further, it
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was noted that there were no significant interaction
effects. The data of BNL between DNR ‘on’ and ‘off’
conditions were combined to see in which gain caused
significant in each group.

To further evaluate the gain (Figure-3) at which caused
significant difference in BNL, a post hoc analysis was
conducted using paired samples t-test with corrected
mean to control type I error (0.016 instead of 0.05). Three
paired samples t test were separately conducted for the
two groups to see the effect of gain in BNL. In low
annoyance group, the result of paired samples t tests
revealed that at -5 dB gain the BNL were significantly
increased compared to prescriptive gain (t (15) =-3.75,
p=0.002) and at -3 dB gain (t (15)=-3.66, p=0.002). In
addition, the value of BNL significantly increased at -3
dB gain than compared to prescriptive gain (t (15) =
3.02, p=0.009). In high annoyance group, it was noted
that BNL was significantly increased at -5 dB gain than
compared to -3 dB gain (t (15) =-3.75, p=0.002) and
prescriptive gain (t (15)=-3.75, p=0.002), respectively.
Though, increased BNL was noted at -3 dB gain than
compared to prescriptive gain, this difference did not
reach significant.
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Figure-4.3. Representing background noise level as a
function of gain. Red circle and square with dotted line
represents BNL obtained from low annoyance group
from DNR on and off conditions respectively. Filled
triangle and circle with solid line represents BNL obtained
form high annoyance group from DNR on and off
conditions respectively.

Further, to determine the groups in which caused
significant difference in BNL at different gains, a
MANOVA was conducted. The results of MANOVA
showed that there was no significant difference between
groups such that the BNL was higher in low annoyance
group than compared to high annoyance group, in each
gain.

To compare ANL between DNR ‘on’ and ‘off”’ conditions
at each gain from two groups of study participants.

The mean ANL and standard deviation calculated for
two groups under DNR ‘on’ and ‘off” conditions at three
different gains are tabulated in Table -4. In both low and
high annoyance group, the ANL was decreased at each
gain in DNR ‘on’ condition than compared to DNR ‘oft”
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condition. It was noted that each group, the ANL was
decreased at -3 dB gain compared to prescriptive gain,
whereas, the ANL was increased at -5 dB gain compared
to -3 dB gain and prescriptive gain, in both conditions.

To evaluate the effect of DNR and gain on ANL from
two groups, a two way repeated measures ANOVA [DNR
‘on’ and ‘off’ conditions; and 3 gain conditions
(prescriptive, -3 ,-5) with between subject factor as
groups (low and high annoyance) was performed. The
result revealed that there was a significant main effect
of DNR [F (1, 18)=6.10, P=0.024], such that ANL was
reduced in ‘on’ condition than compared to DNR ‘off’
condition. In addition, a main effect of gain [F (1, 18) =
25.299, P=0.000] was observed in which at -3 dB gain
the ANL was relatively less than compared to
prescriptive gain and -5 dB gain. In addition, main effect
of group was noted [F (1, 18) = 124.02, P= 0.000] in
which as expected ANL value was lower in low
annoyance group than compared to high annoyance
group. Further, no significant interaction effects were
noted on ANL.

Though interaction effect of DNR* gain was not noted,
a significant main effect was observed in DNR and as
well as in gain on ANL. Thus, to evaluate ANL between
DNR conditions at each gain, in both groups, a post
hoc analysis was conducted using paired samples t-
test with corrected mean to control type I error. Three
paired samples t test were separately conducted for the
two groups to see the effect of DNR on ANL, at each
gain. In each group, the result revealed that though the
ANL was lesser in DNR ‘on’ condition compared to
that of DNR ‘off” condition at each gain, this difference
did not reach significant.

In addition, the effect of gain on ANL (Figure -4) was
evaluated in each condition from both groups. Four
sets of three paired samples t test were separately
conducted to see the effect of gain in each condition
(‘on’ and ‘off”) for the two groups. In low annoyance
group, the result of paired samples t tests revealed that
in DNR ‘on’ condition, there were no significant
differences between gains. However, in DNR ‘off’
condition a significant differences were noted between
prescriptive gain and -3 dB gain (t (7) =3.52, p=0.010);
and -3 dB gain and -5 dB gain (t (7) = -4.24, p=0.004),
such that ANL was reduced at -3 dB gain compared to
that of prescriptive gain and -5 dB gain, respectively.
In high annoyance group, significant differences were
observed between prescriptive gain and — 5 dB gain in
DNR ‘“on’ condition (t(11)=-3.71, p=0.003) and DNR off
condition (t (7) = -4.38, p=0.001), such that ANL was
reduced in perceptive gain than compared to -5 dB gain.
Similarly, the ANL was reduced at -3 dB gain than
compared to -5 dB gain, which was found to be
significant in DNR on condition (t (7) =-4.38, p=0.001)
and DNR off condition (t (7) = -5.99, p=0.000). It was
noted that there was no significant difference between



prescriptive gain and -3 dB gain on ANL, in each
condition.
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Figure -4.4. Representing ANL as a function of gain.
Red circle and square with dotted line represents ANL
obtained from low annoyance group from DNR on and
off conditions respectively. Filled triangle and circle with
solid line represents ANL obtained form high annoyance
group from DNR on and off conditions respectively.

To compare SNR 50 between DNR ‘on’ and ‘off’
conditions at each gain from two groups of study
participants.

The mean and standard deviation of SNR 50 from two
groups of participants tested under digital noise
reduction (DNR) ‘on’ and ‘off’ conditions at three
different gains (prescriptive gain, -3 dB and -5 dB). In
both low and high annoyance groups, the SNR 50 was
decreased at -3 dB gain compared to prescriptive gain,
whereas, the SNR 50 was increased at -5 dB gain
compared to -3 dB gain and prescriptive gain, when the
DNR was ‘on’ in hearing aid. In DNR ‘off” condition
also it followed the same pattern. It was also observed
that the mean SNR 50 was decreased in DNR ‘on’
condition compared to SNR 50 ‘off” condition, at each
gain. This was true in both groups. In addition, the SNR
50 was lesser in low annoyance group than compared
to high annoyance group at each gain in both
conditions.

To evaluate the effect of DNR and gain on SNR50 from
two groups, a two way repeated measures ANOVA [DNR
‘on’ and ‘off” conditions; and 3 gain (prescriptive, -3 dB
gain, and -5 dB gain) with between subject factor as
groups (low and high annoyance) was conducted. The
result revealed a significant main effect of DNR [F (1,
18)=11.80, P=0.003] in which SNR 50 was reduced in
‘on’ condition than compared to ‘off” condition. The
main effect of gain was found significant [F (2, 36) =
23.97, P=0.000] in which no tread was observed in SNR
50. In addition, main effect of group [F (1, 18)=10.89, P=
0.004] was noted, such that SNR 50 was lesser in low
annoyance group than compared to high annoyance
group. Further, no interaction effects were found on
SNR 50.

Though interaction effect of DNR* gain was not noted,
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a significant main effect was observed in DNR and as
well as in gain on SNR 50. To further evaluate the SNR
50 between conditions at each gain in both groups, a
post hoc analysis was conducted using paired samples
t-test with corrected mean to control type I error. Three
paired samples t test were separately conducted for the
two groups to see the effect of DNR in SNR 50 at each
gain. In both groups SNR 50 reduced in DNR ‘on’
condition than compared to ‘off’ condition at each gain,
but this difference found significant at -5 dB gain (t (11)
=-3.96, p=0.002), in high annoyance group.

In addition, the effect of gain on SNR 50 (Figure-5) was
evaluated in each condition from both groups. Four
sets of three paired samples t test were separately
conducted to see the effect of gain on SNR 50 for the
two groups, in each condition (‘on’ and ‘off”). In low
annoyance group, when the DNR was ‘on’ the SNR 50
was significantly reduced in -3 dB gain than compared
to prescriptive gain (t (7) =3.39, p=0.010); and -5 dB
gain (t(7)=-3.03,p=0.013). In DNR ‘off” condition, the
SNR 50 was significantly reduced in -3 dB gain than
compared to - 5 dB gain (t (7) = -4.67, p = 0.000). In
addition, the SNR 50 was significantly reduced in
prescriptive gain than compared to - 5 dB gain (t (7) =-
3.59, p=0.000). Further, in high annoyance group, SNR
50 was significantly reduced in -3 dB than compared to
-5 dB inboth DNR ‘on’ condition (t (11)=-3.76, p=0.000)
and in ‘off” condition (t (11) =-3 , p = 0.010). At
prescriptive gain the SNR 50 reduced significantly than
compared to — 5 dB gain in DNR ‘off” condition (t (11) =
-4.21,p=0.001).
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Figure - 4.5: Representing SNR 50 as a function of gain.
Red circle and square with dotted line represents SNR
50 obtained from low annoyance group from DNR on
and off conditions respectively. Filled triangle and circle
with solid line represents SNR 50 obtained from high
annoyance group from DNR on and off conditions
respectively.

It was noted earlier that main effect of group on SNR 50
was observed. In order to know specifically under which
experimental conditions caused significant difference
between groups, a MANOVA was conducted. The result
of MANOVA showed (Table - 6) that SNR 50 was
significantly reduced in low annoyance group than
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compared to high annoyance group at -3 dB gain in
both DNR ‘on’ and ‘off” conditions.

Table 4.6. MANOVA F ratio and p value for the SNR 50
obtained from two groups of study participants in each
condition (DNR ‘on’ and ‘off’) at different gains
(prescriptive gain, -3dB gain, -5dB gain).

DNR ‘on’ Condition

F ratio P value
Prescriptive gain 1.256 0.277
-3 dB gain 4.608 0.046
-5dB SNR 0.830 0.374
DNR ‘off” condition

F ratio P value
Prescriptive gain 3211 0.090
-3 dB gain 13.695 0.002
-5 dB gain 1.790 0.198
Discussion

The purpose of the present study was to investigate
the effect of gain and digital noise reduction on
annoyance level and SNR 50 from low and high
annoyance groups. The prescriptive gain was reduced
from default setting by 3 dB and 5 dB, respectively. In
addition, these gains were varied in activated and
deactivated DNR conditions. The findings of the
present study were discussed under the following
objectives.

Experiment -1

In the present study, the real ear insertion gain
measurement was performed. The mean scores of
preferred gain was lesser compared to prescriptive gain
at each frequency: This could be because that all the
participants are naive hearing aid users and wore hearing
aids on both ears. The results is in consonance with the
research report of Leijon,et al, (1984), who found naive
hearing aid older adult users preferred user gain of 10 to
15 dB lesser than prescriptive gain provided by NAL
formula. In addition, while setting the user gain six ling’s
sounds and questions in Kannada language were used.
However, to derive NAL NL-1 fitting formula, a
component of normalization of speech was performed
using English language speech sample. This
discrepancy might have caused the deviation of around
5 to 15 dB gain between preferred and prescriptive gains.
Our speculation is supported by study done by Nisha
and Manjula (2013) who found that the test done on
Kannada language listeners needs lesser gain compared
to the Indian English listeners. Further, they reported
that lesser gain in low and mid frequencies were found
compared to high frequencies due to frequent
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occurrence of vowels than consonants in Kannada
language.

Experiment-2
Most comfortable noise level

Most comfortable level was compared between DNR
‘on’ and ‘off” conditions at three different gains from
two groups. The result revealed that MCL was
decreased in DNR ‘off” condition then compared to DNR
‘on’ condition at prescriptive gain and -5 dB. Butin -3
dB gain, MCL was found to decrease in DNR ‘on’
condition than compared to DNR ‘off” condition.
However, these differences were failed to reach
significant. This is because the participants on whom
the effect of DNR was evaluated are naive hearing aid
users. [t appears to infer that amplified speech delivered
from DNR activated or deactivated conditions would
be same. This is because lack of experience towards
distinguishing perceived residual noisiness in the
amplified speech. Thus, this study shed light to sought
another research question whether experienced hearing
aid users can able to distinguish the perceived residual
noisiness to adjust their MCL.

In addition, MCL was compared with respect to
variation of gains from each group. The result revealed
that mean MCL increased with decreased gain, this was
true in each annoyance group. This is due to decrease
in the audibility of speech with reducing gain from
default prescriptive gain, such that from irrespective of
group the participants asked higher intensity to reach
their most comfortable level. Further, MCL was
compared between low and high annoyance groups.
The results revealed that MCL score in each gain
reduced in low annoyance group than compared to high
annoyance group. The results of the study are in
consonance with the research report of Harkrider and
Smith, (2005), who reported stronger afferent mechanism
in low annoyance group; this mechanism could be
sensitive enough to reach their MCL at lower intensity.
Whereas, in high annoyance group due to their weaker
afferent system the participants asked for higher
intensity to reach their MCL.

Background noise level

When BNL was compared in terms of gain, in low
annoyance group, the result revealed that at -5 dB gain
the BNL were significantly increased compared to
prescriptive gain and at -3 dB gain. In addition, the BNL
significantly increased at -3 dB gain than compared to
prescriptive gain. In high annoyance group, the BNL
was significantly increased at -5 dB gain than compared
to -3 dB gain and prescriptive gain. Further, BNL was
increased at -3 dB gain than compared to prescriptive
gain, but not significant. To conclude, in both low and
high annoyance groups, the BNL was increased with
decrease in gain in each DNR ‘on’ and ‘off” condition.



As expected the reason could be because of reduced
audibility with reduction in gain. In addition, BNL was
higher in DNR ‘on’ condition at each gain in both high
and low annoyance groups. It was speculated that
perceived annoyance and aversiveness towards noise
decreases in amplified speech processed by DNR ‘on’
condition than DNR ‘off” condition.

In addition, the residual noise in amplified speech was
heard louder in DNR deactivated condition than
compared to DNR deactivated. Palmer, Bentler and
Mueller (2006) reported that perceived annoyance is
influenced by audibility of noise. Thus, activation of
DNR appears to have had a positive impact on the
annoyance perception. Further, BNL was higher in low
annoyance group than compared to high annoyance
group in both DNR ‘on’ and ‘off” conditions. The results
of the study are in consonance with the research report
of Harkrider and Smith (2005), who reported weaker
efferent mechanism in high annoyance group, which
reduced the capacity of inhibition. Thus, participants
of high annoyance group are unable to put up more
noise. This mechanism is conversely true in low
annoyance group.

Acceptable noise level

Acceptable noise level decreased in DNR ‘on’ condition
than compared to DNR ‘off” condition. The results of
the present study is in accordance to the research report
of Mueller, Weber, and Hornsby (2006) who showed a
significant reduction in ANL (4.2 dB) when DNR was in
‘on’ condition than compared to DNR-off condition. In
addition perceived noisiness in amplified speech
reduces in DNR activated condition (Lowery & Plyler,
2013). When DNR was activated the gain provided to
noise accumulated in speech was reduced. First the
speech and noise is going to be segregated based on
modulation depth, such that acoustical property of noise
has lesser amplitude variation to which gain assigned
was lesser to the noise accumulated frequencies.
Whereas, amplitude of speech signal vary across
frequencies, in which the gain was assigned based on
prescriptive formula. Thus, participants of present study
tend to accept more annoyance in DNR ‘on’ condition
than compared to that DNR ‘off” condition.

In addition, when annoyance level was compared as a
function of gain, it was noted that ANL was decreased
at -3 dB gain compared to prescriptive gain. This result
was found to be similar irrespective of groups in DNR
activated or deactivated conditions. This is because
during the operation of electronic circuit in hearing aid
at times to amplify speech some amount of residual noise
eventually generates. Thus, hearing aid modifies
stimulus characteristics such as signal to noise ratios.
But when gain of the hearing aid reduced the amount of
residual noise generated decreases. This notion is
supported by the research study of Billing, et al, (2011)

Gain and DNR in annoyance groups

who measured SNR of amplified speech at the ear-canal.
They found that when gain in the hearing aid reduced
the noise level was also decreased. Thus in the present
study, annoyance level was reduced by reducing the
gain in the hearing aid. Whereas, annoyance level was
increased in -3 dB gain compared to that of -5 dB in
both DNR ‘on’and ‘off” condition. This might be due to
the audibility factor such that participants tend to accept
more background noise and their MCL increased in — 5
dB gain than compared to -3 dB gain.

The ANL values remained within seven in low ANL
group, whereas, the value in high ANL group remained
greater than 13 irrespective of DNR activated or
deactivated conditions with varying in gain. It appear
to indicate that acceptance of noise is centrally driven.
Even with advance in technology annoyance level was
not reduced significantly. Further, the data has to be
analyzed to accurately say how much the growth of
annoyance reduced particularly in high and low
annoyance group when DNR was activated in hearing
aid at varied gain.

SNR-50

SNR-50 decreased in DNR ‘on’ condition than compared
to DNR ‘oft” condition. This data suggest that DNR
activation in hearing aid processing is capable of
providing improved sound quality, for speech in noise.
Thus, participants tend to obtain 50 % speech
recognition at lesser signal to noise ratio in DNR ‘on’
condition. The results of the present study is supported
by research study of Pittman (2013) who reported that
modern DNR circuits can improve the signal to noise
ratio (SNR) by up to 6 dB. In addition, SNR-50 reduced
with decrease in the -3 dB gain compared to prescriptive
gain. This is because the ambient noise level reduced
with decreased gain in the hearing aid. Due to this the
speech perception improved in presence of noise, such
that 50 % speech recognition score obtained at lesser
signal to noise ratio in- 3 dB gain than compared to
prescriptive gain. However, in— 5 dB gain SNR 50 was
increased compared to -3 dB gain and prescriptive gain.
This could be due to reduced audibility in — 5 dB gain.
Further, SNR-50 was better in low annoyance group
than compared to high annoyance group, irrespective
of experimental condition. This is due to stronger efferent
mechanism in low ANL group, such that mechanism of
inhibition withstands noise while listening to speech.
Thus, low ANL group tend to have 50 % recognition
scores at lesser signal to noise ratio than compared to
high ANL group.

To conclude, in clinic it is observed that hearing impaired
individuals expect that there should not be noise while
listening to amplified speech. It is almost responsibility
of clinician to counsel the patient regarding perceive
noisiness in amplified speech to reduce the amount of
rejecting hearing aid. It is preferred to first classify the
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hearing impaired individuals based on annoyance and
then need to explain the effect of DNR activated
condition in hearing aid on annoyance level and speech
perception skills. Thus null hypothesis is rejected, as
in current study annoyance level was reduced and SNR
50 reduced with decreasing the gain by 3 dB from
prescriptive gain. Further, annoyance and speech
perception in noise improved in DNR activated
condition.

Summary and Conclusion

The aim of study was to investigate the effect of digital
noise reduction and gain on annoyance level and SNR
-50 by low and high annoyance groups. Inorder to prove
the aim of the study the following objectives were
formulated. a) Effect of DNR and gain on MCL, BNL,
ANL and SNR 50 from within and between low and high
annoyance groups. b) Combined effect of DNR and gain
on MCL, BNL, ANL and SNR 50 from within and between
low and high annoyance groups.

The study was carried out in two experiments. In
experiment- 1, deviation of gain from user and
prescriptive gain was established from five particpants.
In experiment-2, one shot post comparative with
repeated measures research design was utilized. Twenty
participants were involved in which eight individuals
were in low annoyance group and twelve individuals
were in high annoyance group. Each individual was
measured for unaided acceptable noise level and SNR-
50 in activating and deactivating DNR by varying gain
(prescriptive, -3 dB, -5 dB).

Summary of the present study result are as follows.
Most comfortable level

o MCL was decreased in DNR ‘off” condition then
compared to DNR ‘on’ condition at prescriptive
gain and -5 dB. But in -3 dB gain MCL was
decreased in DNR ‘on’ condition than compared
to DNR ‘off”. In both groups, MCL was decreased
at -3 dB compared to -5 dB and prescriptive gain.
However, this difference did not reach significant.

. When MCL was compared with respect to gain,
in low annoyance group, mean MCL increased
with decreased gain. In high annoyance group,
mean MCL increased at -5 dB than compared to
prescriptive gain and -3 dB. Inaddition, MCL
increased at— 3 dB than compared to prescriptive
gain.

o Further, when comparison is done between groups
MCL found to be significantly decreased in low
annoyance group than compared to high
annoyance group.
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Background noise level

. The BNL was increased with decreased gain in
each DNR ‘on’ and ‘off’ condition for both groups.
BNL was higher in DNR ‘on’ condition at each
gain for both high and low annoyance groups.

. When BNL was compared in terms of gain, the
result revealed that at -5 dB gain the BNL were
significantly increased compared to prescriptive
gain and at -3 dB gain for low annoyance group.
In addition, the BNL significantly increased at -3
dB gain than compared to prescriptive gain.
Whereas, for high annoyance group, the BNL
was significantly increased at -5 dB gain than
compared to -3 dB gain and prescriptive gain.
BNL was increased at -3 dB gain than compared
to prescriptive gain, but this failed to reach
significant.

. BNL was higher in low annoyance group than
compared to high annoyance group for both
DNR ‘on’ and ‘off” conditions.

Acceptable noise level.

. ANL was decreased at -3 dB gain compared to
prescriptive gain and increased at -5 dB gain
compared to -3 dB gain and prescriptive gain, in
both DNR ‘on’ and ‘off” conditions.

. ANL was reduced in DNR ‘on’ condition than
compared to DNR ‘off’ condition but this
difference failed to reach significant.

. Further, ANL was compared as a function of gain
for low annoyance group. At -3 dB ANL was
reduced compared to prescriptive and -5 dB.
These difference in ANL by variation in gain did
not reach significant difference. But in DNR ‘off’
condition there was significant difference
between prescriptive gain and -3 dB gain, and also
between -3 dB gain and -5 dB gain. In high
annoyance group, ANL was significantly
increased in -5 dB gain than prescriptive gain.
However, at -3 dB ANL value reduced than
compared to -5 dB gain which was found to be
significant.

. ANL value was lower in low annoyance group
than compared to high annoyance group.

Speech in noise -50

. In DNR on and off conditions in hearing aid, SNR
50 was decreased at -3 dB gain compared to
prescriptive gain, whereas, the SNR 50 was
increased at -5 dB gain compared to -3 dB gain
and prescriptive gain. This was true for both
groups.

. SNR 50 was lesser in low annoyance group than
compared to high annoyance group at each gain
in both conditions.



. In low annoyance group, when the DNR was ‘on’
the SNR 50 was significantly reduced in -3 dB
gain than compared to prescriptive gain and -5
dB gain. Whereas, in DNR ‘off” condition, the SNR
50 was significantly reduced in -3 dB gain than
compared to - 5 dB gain. In addition, the SNR 50
was significantly reduced in prescriptive gain than
compared to - 5 dB gain.

. In high annoyance group, SNR 50 was
significantly reduced in -3 dB than compared to -
5 dB in both DNR ‘on’ condition and in ‘off’
condition. At prescriptive gain the SNR 50 reduced
significantly than compared to - 5dB gain in DNR
off condition.

Over all, annoyance level was reduced and SNR 50 was
decreased at -3 dB gain for low and high annoyance
groups, irrespective of DNR activated or devativated
condition. Clinically mean annoyance level was reduced
at DNR activated than deactivated condition. To
conclude, reduction in gain decrease the residual noise
generated in hearing aid circuit. In addition, though the
annoyance level did not significantly reduced by
activation or deactivation of DNR in hearing aid, the
perceived annoyance and aversiveness decreased. Due
to which participants of both groups tend to accept
more noise (BNL). Further, participants able to follow
sentences at lower signal to noise ratio in DNR
‘on’condition than compared to DNR ‘off” condition.

Implication of the study

. In knowing the annoyance level in those
individuals who accept less noise helps the
clinician to set the appropriate gain there by which
rejection rate can be decreased.

. The study imply in counselling the participants
regarding the importance of digital noise reduction
in hearing aid at the time of purchasing the hearing
aid in individuals who accept less noise
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