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Objective: The purpose of the study was to evaluate listening effort in adults who experience varied
annoyance towards noise.
Materials and methods: Fifty native Kannada-speaking adults aged 41e68 years participated. We eval-
uated the participant's acceptable noise level while listening to speech. Further, a sentence-final word-
identification and recall test at 0 dB SNR (less favorable condition) and 4 dB SNR (relatively favorable
condition) was used to assess listening effort. The repeat and recall scores were obtained for each
condition.
Results: The regression model revealed that the listening effort increased by 0.6% at 0 dB SNR and by 0.5%
at 4 dB SNR with every one-year advancement in age. Listening effort increased by 0.9% at 0 dB SNR and
by 0.7% at 4 dB SNR with every one dB change in the value of Acceptable Noise Level (ANL). At 0 dB SNR
and 4 dB SNR, a moderate and mild negative correlation was noted respectively between listening effort
and annoyance towards noise when the factor age was controlled.
Conclusion: Listening effort increases with age, and its effect is more in less favorable than in relatively
favorable conditions. However, if the annoyance towards noise was controlled, the impact of age on
listening effort was reduced. Listening effort correlated with the level of annoyance once the age effect
was controlled. Furthermore, the listening effort was predicted from the ANL to a moderate degree.

© 2023 PLA General Hospital Department of Otolaryngology Head and Neck Surgery. Production and
hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Few individuals exhibit difficulty understanding speech in a
quiet environment despite having normal hearing, but this diffi-
culty increases multifold when competing noise shares a similar
spectrum with speech (Schneider et al., 2002). Decoding speech in
the presence of noise requires the person to utilize cognitive re-
sources (Chen et al., 2022). Listening in a noisy background causes a
greater expenditure of cognitive resources, which in turnmakes the
listener's task more difficult and effortful. Listening effort is the
cognitive resource necessary for speech recognition (Picou and
Ricketts, 2014). Effort in listening depends on subjective factors
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like motivation (Eckert et al., 2016), fatigue (Hornsby et al., 2016),
and external factors like linguistic complexity (Peelle, 2018).
Akeroyd (2008) reported that reduced working memory and
attention contribute to difficulties in speech understanding in older
adults with normal hearing, especially in adverse listening
conditions.

Listening effort can be objectively assessed using the dual-task
paradigm (Desjardins and Doherty, 2013; Sarampalis et al., 2009).
The dual-task paradigm involves performing a primary as well as a
concomitant secondary task. The primary task utilizes the required
mental capacity, whereas, the secondary task operates on the spare
capacity available after the primary task is performed. Therefore,
listening effort is indicated based on the impairment in the sec-
ondary task (Kahneman, 1973). Older adults use greater cognitive
resources to attend to speech in noisy backgrounds, with limited
resources for consequent and successive tasks (Gosselin and Gagn�e,
2011; Tun et al., 2009). It has been observed that cognition decline
can begin as early as 45 years (Degeest et al., 2015; Singh-Manoux
et al., 2012). Vaughan et al. (2006) stated that listening effort can be
rgery. Production and hosting by Elsevier (Singapore) Pte Ltd. This is an open access
.0/).
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a predictable factor for speech recognition in noise in older adults
only if the audibility is controlled. Thus, the evaluation of auditory
listening effort, including the assessment of speech perception in
noise is warranted.

Age-related variations in listening effort have been documented
in the past (Degeest et al., 2015; Kwak and Han, 2021; Sarampalis
et al., 2009; Ward et al., 2017). Listening effort assessed using
speech recognition in noise revealed that older adults must put
more effort into listening than younger adults (Desjardins and
Doherty, 2013; Ward et al., 2017). The attributed reason can be
elucidated by the capacity theory of attention developed by
Kahneman (1973). According to this theory, listeners dedicate a
significant chunk of their cognitive resources just to attend to
speech in a noisy environment. An available limited reserve is
utilized for subsequent processing of storing information into
memory, solving ambiguity by contextual cues, and finally gener-
ating a quick response to speech. The attention theory explaining
the effort in listening was substantiated by Rudner et al. (2011),
wherein, it was reported that participants could recognize theword
in noise with more effort but could not recall the recognized word
later. They suggested that more cognitive resources are allocated
for the initial speech perception process, with limited resources
available for subsequent recall. This is because the inherent cues in
speech are partly lost and distorted due to noise. In the subsequent
stage, parts of the message must be integrated with the retained
processing of the initial parts of a message for later recall to
comprehend the message. The outcome could either end up in a
slowdown/breakdown of communication and or misperception.
R€onnberg (2003) and Peelle (2018) opined that the allocation of
optimum cognitive resources is necessary for speech perception.

Understanding speech in adverse listening conditions is critical
for effective communication. The acceptable noise levels are a
means to evaluate the impact of noise on speech perception
(Nabelek et al., 2006). Annoyance towards noise can be objectively
assessed using an acceptable noise level (ANL) test. The stimulus
used is a running speech presented at the Most Comfortable Level
(MCL) along with noise. The Background Noise Level (BNL) will be
assessed objectively as the listener's ability to tolerate background
noise when listening to speech. The difference between MCL and
BNL will be calculated to achieve the ANL in dB. Nabelek et al.
(2006) demonstrated the ANL to range from 2 to 27 dB. Yet
another similar study by Plyler et al. (2011) reported the ANL values
to range from �3.5 to 27 dB. In contrast, Freyaldenhoven et al.
(2008) reported that the ANL values range from �2 to 18 dB.
However, there are hardly any studies that have assessed the allo-
cation of cognitive resources through listening effort in individuals
who show annoyance towards noise.

The present study, therefore, incorporated an evaluation of
annoyance towards noise in older adults in whom listening effort
may be found to vary. Further, the relation between aging, ANL, and
listening effort is not well understood. It is speculated that in-
dividuals who show annoyance towards noise may need more
cognitive resources for selective attention and segregation of noise
from speech. Thus, the research question formulated is whether
individuals who show varied annoyance levels towards the noise
exhibit differences in the magnitude of listening effort. Neverthe-
less, it requires empirical evidence to prove the speculation
mentioned above. This study necessitates determining the listening
effort in adults with varying levels of annoyance toward noise.
Therefore, the hypothesis put forth is, that one who has difficulty
putting up with noise may experience higher effort in listening
than one who can put up with noise. The study's objective was to
determine the relationship between age, ANL, and listening effort
in less favorable (poor signal-to-noise ratio) and relatively favor-
able conditions (better signal-to-ratio). In addition, to predict the
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listening effort from age after controlling the factor ANL and vice
versa.

2. Method

2.1. Participants

Fifty native Kannada-speaking adults aged 41 to 68 years (mean
age: 54.28 years; age range ¼ 27 years; SD ¼ 6.47) were selected
using a purposive sampling technique. All participants had normal
hearing sensitivity with reference to age and gender-matched
hearing thresholds, not poorer than the 95th percentile as per
ISO 7029 (International Organization for Standardization. ISO,
2017). All of them had normal middle ear status suggested by ‘A'
type tympanogram with the acoustic reflexes present bilaterally at
frequencies 500 Hz,1 kHz, and 2 kHz. Otoacoustic Emissions testing
was done to determine normal outer hair cell functioning. Only
individuals with a bilateral presence of otoacoustic emissions were
selected.

Participants whose score was 26 and above on the Montreal
Cognitive Assessment (MoCA) (Nasreddine et al., 2005) were
included. None of them had a history of noise exposure, psycho-
logical, or neurological issues, nor were they under prolonged
medications. All the participants expressed their consent to
participate. The study adheres to ethical guidelines for bio-
behavioral research involving human subjects. The ambient noise
levels were as per the permissible limits (American National
Standards Institute, 1991). Other than the conventional audiolog-
ical evaluation (pure-tone audiometry, speech audiometry, and
oto-acoustic emission test), the annoyance towards noise was also
measured using an acceptable noise level test (Nabelek et al., 1991).
Listening effort was measured using the sentence-final word
identification and recall (SWIR) test. The ANL values and scores
obtained in the primary and secondary tasks of the listening effort
are given in Appendix 1.

2.2. Stimuli and generation of noise

Twenty-four lists of standardized Kannada sentences were used
as the target stimuli in the SWIR test to assess listening effort
(Geetha et al., 2014). Each list had ten sentences. The noise used
was speech-shaped, and it was prepared using MATLAB (version-
2013b). The sentences were concatenated. Speech spectrum was
performed every 100 ms (short bin) and summated to obtain the
long-term average speech spectrum (LTASS). White noise was
passed through an Infinite impulse response (IIR) filter and fed to
inverse filtering to derive the long-term average spectrum similar
to the spectral characteristics of target sentences used in the study.

2.2.1. Stimulus preparation to assess listening effort
The SWIR test standardized in Kannada (Shetty and Kumar,

2018) was used. The SWIR test, developed on lines of the dual-
task paradigm, was administered using a software (Shetty and
Kumar, 2018). The listening effort software was loaded into the
HP laptop having the specification of an i5 processor and a 64-bit
operating system with the standard sound card. A new project
was created in the software. The target Kannada sentences were
loaded as the ‘speech files'. The speech-shaped noise generated was
uploaded as the ‘noise file’. The target sentences were mixed at two
SNRs- 0 dB SNR (120 sentences) and 4 dB SNR (120 sentences). The
0 dB and 4 dB SNRs were chosen to represent realistic listening
conditions (Brons et al., 2014; Gustafson et al., 2014; Neher et al.,
2014). Thus, in total, there were 240 target sentences.

Each block had five sentences, and therefore the recall number
was ‘5’ The number of blocks per SNR was 24 (number of sentences



Fig. 1. Repeat and recall scores at 0 dB SNR and 4 dB SNR on the dual-task to account
for listening effort.
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per SNR/recall number). Therefore, the total number of blocks was
48. The inter-stimulus interval (ISI) was set to 3000 ms, which was
the duration between every sentence in the primary task. The inter-
block interval (IBI) was set to 10,000 ms, which was the duration
between the presentation of two successive blocks. Randomized
and counterbalancing of the stimuli was done among participants.
A calibrated 1 KHz tone was presented at 65 dB SPL. The laptop's
volume was increased until the loudspeaker (Genelec) output read
85 dB SPL in the sound level meter (B & K 2238).

2.2.2. Presentation of stimuli
The stimuli were routed through loudspeakers. Three loud-

speakers positioned at 0�, þ45�, and �45�, were kept 1 m from the
participant. At 0� azimuth, a target standardized Kannada sentence
was delivered, and the speech-shaped noise was presented via the
loudspeakers at þ45� and �45� azimuth. At the MCL of the
participant, the listening effort was determined at 0 dB SNR (less
favorable condition) and 4 dB SNR (relatively favorable condition).
Participants were instructed that the sentences would be presented
in multiple blocks, and each block would contain five sentences.
They were asked to repeat only the last word of each sentence
presented (primary task). Guessing of the word was also encour-
aged. They were told to remember their responses as theywould be
asked to recall the same later. After the presentation of five sen-
tences, an audio beep (pure tone of 200 ms) was played, which was
an indication for the recall to be initiated (secondary task). The
tester documented the repeat and recall responses in the software.
Breaks between the blocks were given if the participant indicated
signs of fatigue.

2.3. Analyses of listening effort

A score of 1 and 0 was awarded for correct and incorrect/no
response respectively, in the primary as well as the secondary tasks.
The test included 24 blocks with five sentences in each block (block
count per SNR). The maximum repeat score per SNR was 120.
Similarly, the maximum score per block was 5. Scores were rep-
resented as a) repeat scores and b) recall scores. The formula to
convert the raw score into a percentage and then into arcsine units
is given elsewhere (Shetty et al., 2022).

2.4. Subjective listening effort

Three questions from the speech, spatial, and qualities of hear-
ing scale (Gatehouse and Noble, 2004) were utilized to determine
the subjective listening effort. In the current study, the questions
were slightlymodified but semantically similar. Participants graded
their current concentration level [how well can you concentrate
when listening to a sentence in the presence of noise?
(1¼ concentrate hard; 10¼ no need to concentrate)], effort [do you
have to put in a lot of effort to listen to what is being said in the
sentence in the presence of noise? (1 ¼ a lot of effort; 10 ¼ no
effort)] and ignoring the background noise [howwell can you easily
ignore noise while trying to listen to the sentence?] on a ten-point
rating scale. The maximum possible score was ten. Participants
responded to these questions after the objective listening effort test
and each participant was instructed to provide a subjective esti-
mate of listening effort.

2.5. Acceptable noise level (ANL)

For the ANL measurement, the set of instructions proposed by
Nabelek et al. (1991) was adopted. The audiometer's loudspeaker
was positioned at 45� azimuth and 1 m from the participant. The
recorded Kannada passage was routed via the auxiliary input of the
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audiometer to the loudspeaker at the speech recognition threshold
level. To reliably determine the participant's MCL, the level was
adjusted in steps of 5 dB up to the MCL and subsequently in smaller
step sizes ofþ1 and�2 dB. MCL was obtained as the average of two
trials.

After this, a speech-shaped noisewas presented at 30 dB HL. The
noise level was increased gradually in 5 dB steps and subsequently
in 2 dB steps. This was done till the participant could simulta-
neously listen to the noise as well as the passage without com-
plaining of fatigue. The Background Noise Level (BNL) was
calculated as the highest level of noise one could tolerate without
experiencing fatigue. These steps were repeated, and the BNL ob-
tained from two trials were averaged. The ANL was determined by
obtaining the difference between MCL and BNL in dB HL. The
testing of one participant took approximately 30 minutes to com-
plete. The mean ANL value from the study participants accounts for
2.1 dB, the minimum ANL value is �7 dB, the maximum value is
13 dB, and the range of ANL value is 20 dB.
2.6. Statistical analysis

Statistical analysis was done using SPSS software (ver.21). To
verify the normal distribution of data (p > 0.05), the Shapiro-Wilk's
test was utilized. A dependent sample t-test was done to compare
the repeat and recall scores obtained at 0 dB and 4 dB SNR condi-
tions. A Pearson's product-moment correlation was done to
determine the relationship between age and listening effort as well
as ANL and listening effort at the two SNR conditions Further, a
partial correlation analysis was performed to determine the rela-
tionship between the variables while controlling one variable and
following this procedure, regression analysis was done to predict
one variable from the other. Additionally, a Pearson's product-
moment correlation analysis was done to compute the relation-
ship between measures of subjective and objective listening effort
and MoCA scores with ANL and listening effort.
3. Results

3.1. Repeat and recall scores of the listening effort test

A dependent samples t-test revealed a significantly reduced
repeat score at 0 dB SNR than at 4 dB SNR (t (49) ¼ �11.22,
p ¼ 0.001). Similarly, a reduced recall score was noted at 0 dB SNR
than at 4 dB SNR, which was found significant (t (49) ¼ -18.53,
p¼ 0.001). On comparison of repeat and recall scores at each SNR, it
was observed that when the repeat score was less, their recall score
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was also found to be low (at 0 dB SNR), and vice versa at 4 dB SNR
(Fig. 1). As a result, it appeared that the performance in the primary
task (repeat) reflected the effort that the participants had to ‘put in’
in the secondary task (recall). On average, a 6% and 16% reduction in
the recall and repeat scores were noted when the SNR condition
changed from a relatively favorable (4 dB SNR) to a less favorable
condition (0 dB SNR). Variations in performance on the secondary
task served as the estimate of listening effort (Kathleen Pichora-
Fuller and Singh, 2006). Thus, only the recall score was consid-
ered to document the listening effort. The ‘recall’ is mentioned as a
listening effort throughout the document from here onwards.

3.2. Relationship between age and listening effort

The Pearson product-moment correlation results indicated a
mild negative correlation between age and the scores on the
listening effort at 0 dB SNR, [r (49)¼ - 0.412, N¼ 50, p¼ 0.003], and
at 4 dB SNR, [r (49) ¼ �0.383, N ¼ 50, p ¼ 0 0.006]. This indicated
that listening effort increased (recall score reduced) with
advancement in age in less favorable (0 dB SNR) and relatively
favorable (4 dB SNR) conditions (Fig. 2).

3.2.1. 0 dB SNR e less favorable condition
The partial correlation analysis results revealed no relationship

between listening effort and age [r (47)¼�0.121, N¼ 50, p¼ 0.408]
when ANL was controlled. However, zero-order correlation
revealed a moderate negative relationship between listening effort
and age [r (49) ¼ �0.418, N ¼ 50, p ¼ 0.003], indicating that the
recall score reduced (listening effort increased) with an advance in
age.

3.2.2. 4 dB SNR e relatively favorable condition
The partial correlation results revealed no relationship between

listening effort and age [r (47) ¼ �0.135, N ¼ 50, p ¼ 0.354] when
‘ANL’ was controlled. However, zero-order correlation revealed a
mild negative correlation between listening effort and age [r
(48)¼�0.383, N¼ 50, p¼ 0.006], indicating that the recall reduced
(listening effort increased) with the advance in age.

A simple linear regression was done to assess the relationship
between age and listening effort at 0 dB SNR and 4 dB SNR. The
ANOVA helped us to decide whether the regression line does any
Fig. 2. Scatter plot showing the relationship between ANL
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better at prediction. The prediction was significant, and so we
conclude that in this case, our regression line is significantly better
at predicting the listening effort from age at 0 dB SNR [F (1,
48) ¼ 10.14, p ¼ 0.003] and 4 dB SNR [F (1, 48) ¼ 8.27, p ¼ 0.005]. R2

was 0.174, at 0 dB SNR, suggesting that the relationship of this
variable with age can explain about 17% of the variation in the
listening effort. Whereas, at 4 dB SNR, the R2 was 0.147, which ac-
counts for only 15%. The slope coefficient for the listening effort
score was �0.590 at 0 dB SNR and �0.492 at 4 dB SNR, so the
listening effort increased by 0.6% at 0 dB SNR and 0.5% at 4 dB SNR
in every one-year advance in age (Fig. 2 A and B). The equation to
predict listening effort or otherwise recall score from age is given by
the formula y ¼ a þ b(x) (a ¼ 71.05; b ¼ �0.590) at 0 dB SNR and
(a ¼ 71.72; b ¼ �0.492) at 4 dB SNR.
3.3. Relationship between listening effort and acceptable noise level

A Pearson product-moment correlation to examine the rela-
tionship between listening effort and the amount of annoyance
towards the noise one can put up with (ANL) was performed. A
negative correlation between the two variables, [r¼�0.547, n¼ 49,
p ¼ 0.001] was found at 0 dB SNR and [r ¼ �0.467, n ¼ 49,
p ¼ 0.001] at 4 dB SNR, respectively. A scatterplot summarizes the
results (Fig. 3 A and B). Overall, a moderate negative correlation
between listening effort and ANL, irrespective of SNRs was noted.
Therefore, the listening effort (recall score) reduced with an in-
crease in ANL at each SNR.

A simple linear regression analysis was done to investigate the
relationship between ANL and listening effort at 0 dB SNR and 4 dB
SNR. The ANOVA helped us decidewhether the regression line does
any better at prediction. The predictions were significant, and sowe
conclude that in this case, our regression line is significantly better
at predicting the listening effort from ANL at 0 dB SNR [F (1,
48) ¼ 20.54, p ¼ 0.000] and 4 dB SNR [F (1, 48) ¼ 13.51, p ¼ 0.001].
R2 was 0.300 at 0 dB SNR, suggesting that the relationship of this
variable with the ANL can explain about 30% of the variation in the
listening effort. Whereas, at 4 dB SNR, the R2 was 0.227, which
accounts for only 23%. The slope coefficient for the listening effort
was �0.919 at 0 dB SNR and �0.714 at 4 dB SNR, so the listening
effort increased by 0.9% at 0 dB SNR and 0.7% at 4 dB SNR in every
one dB change in the value of ANL (Fig. 3). The equation to predict
and listening effort at 0 dB SNR (A) and 4 dB SNR (B).



Fig. 3. Scatter plot showing the relationship between age and listening effort at 0 dB SNR (A) and 4 dB SNR (B).
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listening effort or otherwise recall score from the ANL is y¼ aþ b(x)
(a ¼ 41.05; b ¼ �0.919) at 0 dB SNR and (a ¼ 46.58; b ¼ �0.714) at
4 dB SNR.
3.3.1. 0 dB SNR e less favorable condition
A partial correlation was performed to evaluate the relationship

between an individual's listening effort and ANL when the factor
‘age’ was controlled. The results indicated a moderate negative
correlation between listening effort and annoyance towards the
noise (ANL) [r (47) ¼ �0.405, N ¼ 50, p ¼ 0.004]. It is inferred that
the difference in ANL values increases the listening effort when the
factor ‘age’ is controlled. A residue of what is leftover when
Fig. 4. Scatter plot showing the relationship between the residue of listening effort and the
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controlling the variable ‘age’ is scatter plotted with ANL and the
recall score is depicted in Fig. 4.

Besides, a linear regression was administered on the residue of
the ANL and the listening effort when controlling the factor ‘age.’
The predictionwas significant, and so we conclude that in this case,
our regression line is significantly better at predicting the listening
effort from an individual's annoyance towards noise [F (1,
49) ¼ 9.422, p ¼ 0.004]. The R2 was 0.164, suggesting that annoy-
ance accounts for 16% of the variation in the listening effort. The
slope coefficient for the recall score was �0.785, so the listening
effort increased by 0.8% in every one dB increase in ANL by the
study participants. The equation to predict listening effort or
residue of annoyance value after controlling the factor ‘age’ in less favorable condition.
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otherwise recall score from the ANL is y ¼ a þ b(x) (a ¼ 1.27; b ¼ -
0.78).

3.3.2. 4 dB SNR e relatively favorable condition
A partial correlation was performed to inspect the relationship

between an individual's listening effort and ANL when controlling
the factor ‘age.’ Results revealed a mild negative correlation be-
tween listening effort and annoyance towards the noise (ANL) [r
(47)¼�0.319, N¼ 50, p¼ 0.025]. It is inferred that the difference in
ANL values increased the listening effort when the factor ‘age’ was
controlled. A residue of what is leftover on the controlled variable
‘age’ is scatter plotted with the ANL, and the recall score is depicted
in Fig. 5.

In addition, a linear regression was administered on the residue
of the ANL and the listening effort. The prediction was significant,
and so we conclude that in this case, our regression line was
significantly better at predicting the listening effort score from an
individual's annoyance towards noise [F (1, 49) ¼ 5.446, p ¼ 0.024].
R2 was 0.102, suggesting that about 10% of the variation in the
listening effort can be accounted for by this variable's relationship
with annoyance when controlling the factor ‘age’. The slope coef-
ficient for the listening effort was �0.571, so the listening effort
increased by 0.6% in every one dB increase in the ANL by the study
participants. The equation to predict the listening effort or other-
wise recall score from the ANL is y ¼ a þ b(x) (a ¼ 1.01; b ¼ -0.57).

3.4. Predicting listening effort from age and ANL

A multiple regression analysis was conducted to investigate the
relationship of age and ANL with the listening effort for the less
favorable and more favorable conditions. Irrespective of condition,
as shown in Fig. 6 A and B, the age and the ANL were negatively
correlated with the score of listening effort indicating that those
with advanced age and higher scores on ANL tended to have
reduced recall scores or otherwise effort in listening. The multiple
Fig. 5. Scatter plot showing the relationship between the residue of listening effort and t
conditions.
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regression model with two predictors (age and ANL) to predict the
listening effort produced R2 ¼ 0.557, F (2, 49) ¼ 10.55, p ¼ 0.000 for
0 dB SNR and R2 ¼ 0.484, F (2, 49) ¼ 7.176, p ¼ 0.002 for 4 dB SNR.
About 50% and 48% of the variation in the listening effort could be
accounted for by the two variables for 0 dB SNR and 4 dB SNR
respectively. The slope coefficient for the listening effort
was �0.182 for age and �0.785 for ANL at 0 dB SNR-the listening
effort increased by 0.2% with age and by 0.8% with ANL. Whereas
the slope coefficient at 4 dB SNR for the listening effort was �0.195
for age and�0.571 for ANL, so the listening effort increased by 0.2%
accounted from age in every one-year advancement in age and 0.6%
considered from annoyance towards noise for every one dB change
in the values of ANL. The equation to predict listening effort or
otherwise recall score from the age and ANL is y ¼ a þ
b1(x1) þ b2(x2) (a ¼ 50.59; b1 (age) ¼ -0.182 and b2
(ANL) ¼ �0.785) at 0 dB SNR and (a ¼ 56.86; b1 ¼ - 0.195 (age) and
b2 ¼ �0.571 (ANL)) at 4 dB SNR.

3.5. Relationship between MoCA scores and listening effort/ANL

A Pearson product-moment correlation test was performed
between the MoCA score and listening effort (at 0 dB SNR and 4 dB
SNR)/acceptable noise level (Fig. 7). The results revealed a signifi-
cant moderate positive relationship between MoCA score and
listening effort at 0 dB SNR [r (47) ¼ 0.685, N ¼ 50, p ¼ 0.001] and
4 dB SNR [r (47) ¼ 0.646, N ¼ 50, p ¼ 0.001]. In addition, the cor-
relation between the MoCA score and ANL revealed a significant
strong negative relationship [r (48) ¼ �0.750, N ¼ 50, p ¼ 0.001].

3.6. Objective and subjective effort in listening

The participant's listening effort obtained at the two SNRs and
their subjective effort documented from the three questions were
correlated using a Pearson product-moment correlation coefficient
test. At favorable condition (4 dB SNR), the listening effort had no
he residue of annoyance value after controlling the factor ‘age’ in relatively favorable



Fig. 6. A 3-D scatter plot showing the relationship between age (x-axis) and ANL (z-axis) on the listening effort (y-axis) at 0 dB SNR (A) and 4 dB SNR (B)).

Fig. 7. Scatter plot between MoCA Score and listening effort at 0 dB SNR (A), 4 dB SNR (B), and ANL (C).
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relationship with each of the questions that assessed subjective
effort in listening such as concentration [r (47) ¼ 0.101, N ¼ 50,
p ¼ 0.485], effort [r (47) ¼ 0.202, N ¼ 50, p ¼ 0.395] and ignoring
the background noise [r (47)¼�0.100, N¼ 50, p¼ 0.490]. However,
at less favorable condition (at 0 dB SNR), the results revealed a
significantly strong positive relationship between listening effort
and questions of subjective listening effort reflected in concentra-
tion [r (47) ¼ 0.869, N ¼ 50, p ¼ 0.001] and effort [r (47) ¼ 0.754,
N ¼ 50, p ¼ 0.001]. Additionally, a significantly strong negative
relationship was noticed between listening effort and questions
related to ignoring the background noise [r (47) ¼ - 0.897, N ¼ 50,
p ¼ 0.001].
4. Discussion

The most common complaint by older adults is an inability to
understand speech in unfavorable listening conditions, and they
often criticize when speech becomes unintelligible, especially in
background noise. When the noise distorts an essential cue in
speech, the cognitive reserve at higher centers uses most of the
resources to make up for the loss of information at the peripheral
system, making listening more effortful. The listening effort
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increasedwith the advance in age, and its effect wasmorewhen the
listening condition changed from favorable to less favorable con-
dition. The age-related cognitive and sensory decline starts at 40
years and above (McCoy et al., 2005; Singh-Manoux et al., 2012;
Tun et al., 2009; Wingfield and Tun, 2001). In the present study, a
mild negative correlation was found between listening effort and
age and predicted the listening effort by 17% at 0 dB SNR and 15% at
4 dB SNR from the age. The listening effort increased by 0.6% at 0 dB
SNR and 0.5% at 4 dB SNRwith every one-year advance in age by the
study participants (age ranged from 41 to 68 years). The findings of
the study are partly in consensus with the previous research which
reports increased listening effort in older adults when compared to
younger adults (Desjardins and Doherty, 2013; Gosselin and Gagn�e,
2011; Tun et al., 2009). The study participants had normal to near-
normal lower-level sensory processes as a function of age. Those
individuals who had shown higher effort in listening may require a
greater expenditure of cognitive resources to decode information in
the presence of noise. This could be because allocating cognitive
resources is fundamental as the attention is being simultaneously
utilized for hearing, rehearsing, putting the information into short-
term memory, and recalling it for later use. Although the current
study did not involve objective tests to assess aspects of cognition



H.N. Shetty, S. Raju and S. Singh S Journal of Otology 18 (2023) 220e229
such as attention, working memory, and processing speed, the
relationship between MoCA scores and listening effort at 0 dB SNR
and 4 dB SNR revealed a significantmoderate positive correlation. It
was inferred that those with a lower score onMoCA put more effort
into listening. Additionally, a significantly strong negative correla-
tion was observed between ANL and MoCA scores. To purport, in-
dividuals with lower ANL values had better generic cognitive
functioning abilities as evidenced by a higher MoCA score. That is,
those individuals with a lower value of ANL had good working
memory capacity to concurrently store and process auditory lin-
guistic information.

Consequently, when the listening conditionwas less favorable, a
higher cognitive load was required to decipher the information to
compensate for the peripheral processing due to the loss of infor-
mation where cues are masked by noise. Thus, listening becomes
more effortful, as reflected in the recall score. When we analyzed
the pattern of recall scores, it was found that those individuals who
had reduced recall scores could recall a few initial words (primacy
effect) and the last word (recency effect). However, they found it
difficult to recall the middle words (asymptote). The results on the
pattern of recall score are in agreement with the findings of Lunner
et al. (2016). The attributed reason could be that more cognitive
resources were available to segregate speech from noise. With the
available resources, they had managed to rehearse a few initial
words and put them in the short-term memory for later recall and
were left with relatively lower or no reserve to recall the middle
order words, which were recognized in the primary task. Also,
studies done in the past have suggested a dual-component model
of recall involving both the short-term and long-term memory
processes which explain the primary and recency effect (Atkinson
and Shiffrin, 1968; Griffin et al., 2017; Murdock, 1962; Unsworth
et al., 2010).

A moderate negative correlation between listening effort and
ANL was found irrespective of SNRs. The listening effort increased
by 0.9% at 0 dB SNR and 0.7% at 4 dB SNR for every one dB change in
the value of ANL. The result suggested that individual differences in
the ability to put up with noise may likely affect the listening effort.
That is, those individuals who put up with less noise were found to
have increased listening effort. Further, a significant relationship
between ANL (higher ANL values) and the subjective rating of
listening effort was found. It was revealed that those individuals
with higher ANL found it difficult to concentrate andwere unable to
ignore the noise to attend to the speech. It led them to exaggerate
more effort to listen. The correlation between the MoCA score and
ANL revealed a significantly strong negative relationship. The
reason could be a weaker cognitive control process of inhibition
(Gorfein and MacLeod, 2007). That is, those individuals with higher
ANL values were unable to suppress irrelevant signals when
attending to speech which requires central cognitive processes.
These individuals could have found it difficult to simultaneously
allocate attention for attending to speech, putting it into short-term
memory, rehearsing, and understanding speech in noise. Never-
theless, individuals who could put upwithmore noisewere good at
allocating themental resources to segregate speech from noise. The
remaining available resources were utilized effectively to perform
successive cognitive tasks to follow the speech effortlessly. It sig-
nifies that those who are less annoyed by noise counteract the
impact of challenging listening conditions.

After the factor ‘ANL’ was controlled using partial correlation,
there was no relation between listening effort and age. This was
true for each of the SNRs. However, at 0 dB SNR, a moderate and at
4 dB SNR, a mild negative correlation was noted between listening
effort and annoyance towards the noise, when controlled the factor
‘age.’ The listening effort increased by 0.8% at 0 dB SNR and 0.6% at
4 dB SNR in every one dB increase in the ANL among the study
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participants. It was inferred that annoyance towards the noise was
the predictive component of listening effort rather than the age
among the study cohort. Those individuals with high ANL scores
recruited more resources just to attend to the stimulus and were
left with lower resources for storage and processing the input
signal in their short-term memory. Studies have reported that in-
dividuals with a high working memory capacity are better at
making up for the distorted signal in adverse listening situations.
They are able to do so without exhausting the working memory
capacity and therefore experience lesser effort in listening
(R€onnberg et al., 2013; Rudner et al., 2012) The above-explained
phenomenon was more pronounced linearly with every one dB
increase in annoyance towards the noise.

In addition to assessing objective listening effort, documenting
the listening effort subjectively will help in determining the link
between the two measures. Assessment of subjective listening
effort has been suggested to delineate the role of working memory
capacity in understanding speech in adverse listening conditions
(R€onnberg et al., 2013).
5. Conclusions

Irrespective of advances in age, one who was unable to put up
with noise experienced greater listening effort than one who could
put upwith noise. Major cognitive resources were utilized to attend
to the target speech and segregate the noise. A minimal reserve
available for pertinent operations in the cognitive mechanism was
unable to be accomplished effectively due to annoyance towards
the noise. The products of primary and asymptotes (earlier) pro-
cessing may not be available when recent (later) processing is
complete.
6. Implication

Cognitive functions are essential for speech communication. The
listening effort was the best possible test to assess cognitive func-
tion meant for speech perception with less time in routine clinical
practice. Due to time constraints in routine clinical practice, testing
ANL may be an efficient way of measuring listening effort. The ANL
measurement is thus helpful in understanding speech recognition
difficulties in noise among adults. Measuring annoyance towards
noise to predict listening effort in adults with hearing loss may
provide better insights into success with hearing aids in these
individuals.
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APPENDIX 1

Table representing the participant's age (in years), pure-tone
average (PTA; in dBHL), speech recognition threshold (SRT; in
dBHL), ANL (in dB) with the data of primary and secondary task
scores of listening effort at 0 dB SNR and 4 dB SNR (in %), and MoCA
scores.



Sl. No Age (years) PTA (dB HL) SRT (dB
HL)

ANL (dB) Secondary task Primary task MoCA
Scores

Recall e 0 dB SNR (%) Recall- 4 dB
SNR (%)

Repeat e 0 dB
SNR (%)

Repat -4dB
SNR (%)

1 51 15 20 �2.00 44.61 51.07 91.67 90.83 29
2 46 10 15 �7.00 43.52 48.93 56.67 87.50 29
3 49 10 20 �7.00 39.63 48.93 45.83 85.00 29
4 61 16.25 25 �7.00 22.99 30.56 31.67 52.50 26
5 60 17.5 25 8.00 22.99 30.56 31.67 52.50 26
6 51 11.25 20 7.00 22.99 30.56 31.67 52.50 26
7 59 12.5 20 9.00 37.92 46.24 77.50 86.67 27
8 68 21.25 30 13.00 37.92 46.24 77.50 86.67 26
9 62 22.5 30 6.00 39.63 44.06 76.67 86.67 26
10 52 15 20 0.00 31.22 35.57 54.17 70.00 27
11 48 7.5 15 �2.00 31.87 39.06 20.83 46.67 28
12 48 5 10 12.00 37.92 46.24 77.50 86.67 27
13 44 5 10 2.00 50.00 56.48 82.50 93.33 27
14 59 16.25 25 4.00 43.52 48.93 56.67 87.50 27
15 56 16.25 25 2.00 50.00 56.48 82.50 93.33 29
16 42 11.25 20 �3.00 46.78 50.00 84.17 90.83 29
17 55 21.25 30 5.00 39.63 44.06 76.67 86.67 28
18 41 13.75 20 2.00 50.00 56.48 82.50 93.33 29
19 62 25 30 4.00 39.63 44.06 76.67 86.67 28
20 60 21.25 30 8.00 22.99 30.56 31.67 52.50 26
21 59 16.25 25 3.00 43.52 48.93 56.67 87.50 27
22 51 13.75 20 1.00 31.22 35.57 54.17 70.00 27
23 54 17.5 25 3.00 39.63 48.93 45.83 85.00 28
24 49 13.75 20 �6.00 37.92 46.24 77.50 86.67 29
25 55 15 25 1.00 31.22 35.57 54.17 70.00 27
26 59 16.25 25 10.00 37.92 46.24 77.50 86.67 26
27 58 20 30 6.00 39.63 44.06 76.67 86.67 26
28 50 16.25 25 �4.00 53.22 53.76 88.33 94.17 29
29 48 11.25 20 �3.00 46.78 50.00 84.17 90.83 29
30 65 16.25 20 7.00 22.99 30.56 31.67 52.50 28
31 49 15 25 �7.00 43.52 48.93 56.67 87.50 29
32 56 16.25 25 �2.00 44.61 51.07 91.67 90.83 28
33 53 20 30 �1.00 50.00 56.48 82.50 93.33 29
34 60 20 25 2.00 31.87 39.06 20.83 46.67 26
35 48 15 25 �4.00 53.22 53.76 88.33 94.17 30
36 60 16.25 25 3.00 39.63 48.93 45.83 85.00 28
37 45 13.75 20 �6.00 43.52 48.93 56.67 87.50 29
38 52 12.5 20 7.00 22.99 30.56 31.67 52.50 26
39 54 13.75 20 �4.00 53.22 53.76 88.33 94.17 29
40 55 16.25 25 8.00 22.99 30.56 31.67 52.50 27
41 53 22.5 30 �5.00 53.22 53.76 88.33 94.17 29
42 45 13.75 20 �1.00 50.00 56.48 82.50 93.33 30
43 64 25 35 5.00 31.22 35.57 54.17 70.00 26
44 62 21.25 35 8.00 37.92 46.24 77.50 86.67 27
45 58 21.25 30 9.00 37.92 46.24 77.50 86.67 26
46 55 16.25 20 .00 50.00 56.48 82.50 93.33 29
47 61 21.25 25 10.00 37.92 46.24 77.50 86.67 27
48 50 25 30 �5.00 43.52 48.93 56.67 87.50 28
49 48 21.25 25 4.00 31.22 35.57 54.17 70.00 29
50 64 25 25 2.00 31.87 39.06 20.83 46.67 26
Mean 54.28 16.42 23.80 2.180 39.00 45.03 63.18 79.55 27
Min 41.00 5 10 �7.00 22.99 30.56 20.83 46.67 26
Max 68.00 25 35 13.00 53.22 56.48 91.67 94.17 30
Range 27.00 20 25 20.00 30.24 25.92 70.84 47.50 4
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