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ABSTRACT
Introduction: The Acceptable Noise Level (ANL) evaluates the willingness of a listener
to hear a continuous speech in the presence of background noise. ANL is related to some
variables. Although many studies were accomplished on the relationship between ANL and
hearing aid satisfaction, no study was found for the usage of ANL as the predictor of initial
hearing aid acquisition. Therefore, the current study aimed at determining the relationship
between the initial acceptance of hearing aid and individual’s ANL. The study also aimed at
quantifying human potentials for what is out of their personal control, as well as assessing their
commitment in the actions that improve and enrich their quality of life.
Methods: A total of 60 patients with hearing loss who were the candidate for wearing hearing
aid were participated. ANLs were measured and comprehensive hearing aid counseling was
given to the patients. Patients were free to accept or reject using hearing aids. The Pearson
correlation was used to assess the relationships among variables, and the independent t test was
used to compare data between the groups
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Results: The analysis revealed a correlation between ANL and the acceptance of hearing aid.
ANL means in the subjects who accept and reject hearing aid were 7.83 and 11.73, respectively.
Conclusion: The results showed the correlation between lower ANLs and acceptance of
hearing aid and also the correlation between higher ANLs and resistance to get hearing aid.
Participants who accepted to take hearing aid had lower ANL mean and the ones who refused
to take hearing aid had higher ANL mean.
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1. Introduction

earing loss is beyond a personal problem. It affects patient’s life and can influence his/her relationship with the family,
friends, and colleagues [1]. Fortunately, a
significant improvement can be achieved
in various aspects of life following the diagnosis of
hearing loss and the rehabilitation via hearing aid [2, 3].
However, only a few patients with hearing impairments
accept using hearing aids. Unfortunately, the usage of
hearing aid is not mostly common among the patients
with hearing impairments; for example, in the American
countries, less than 25% of patients who are candidates
for using hearing aids really attempt to use it.
This rate is even lower in the developing countries
[4]. It made a group of researchers enthusiastic to study
the factors affecting the acceptance and refusal of using
hearing aids in such patients. According to the study by
Nabelek et al., the main reason is attributed to the problem of amplified ambient noise [5]. In order to answer
the question: “How much ambient noise can be bothersome enough to prevent a person from using hearing
aid?” they designed and developed a practical speech test
called Acceptable Noise Level (ANL) [6].
ANL evaluates the willingness of a listener to hear a
continuous speech in the presence of background noise.
To perform ANL, first patient’s most comfortable level
(MCL) is determined by a speech signal; then, babble
noise is added and the patient is asked to adjust it to the
highest tolerable level while listening to the speech signal and the story. The obtained level is called the Background Noise Level (BNL). ANL in fact is MCL minus
BNL. Practically, ANL is the lowest Signal-to-Noise
Ratio (SNR) that a patient can put up with [7]. There is
no association between ANL results and gender, hearing sensitivity, age, and speech “perception” in noise
[8]. Generally ANL assumption is relied on the fact that
some of the patients with hearing impairment do not accept hearing aids, which is the result of their inability to
accept the background noise [7].
Since ANL could be a good predictor of this feature, the
question is “Who is more successful in the full-time application of hearing aids and who can find it more enjoyable?” and relying on the answers, ANL can be considered
as an useful and powerful advisory tool for hearing specialists in all of audiology clinics [6]. According to the realistic expectations, ANL can give audiologists a conception to figure out who needs more advice or who requires
more advanced technologies such as directional micro-
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phones or assistive listening devices [9]. In other words,
what type of patients can tolerate more background noise
during a conversation? Briefly, patient’s ANL can give audiologists better and more reliable information to provide
more accurate and successful hearing aid counseling.
Although there are many factors for the selection of
hearing aid by patient, all of them are subjective and
there is no objective measurement tool to assess hearing
aid acceptance [9]. Also, the most important factor that
influences hearing aid acceptance is patient’s personality
and viewpoint in this regard, and according to the results
of the current study, there was a significant relationship
between the personality and ANL [9]. The main question
of the current study was to evaluate the relationship between ANL and hearing aid acceptance in the patients.
Many studies were performed on the relationship between ANL and hearing aid satisfaction, but there was
no study on the usage of ANL as the predictor of initial
hearing aid acquisition. All studies were focused on the
prediction of hearing aid benefits. The current research
attempted to improve the rehabilitation given to the patients; authors hope it is useful to other researchers to
provide a better understanding the reaction of patients to
background noise in order to consider their hearing aid
counseling and prescription, and also find out the reason
of indifference in some patients with hearing aid acquisition, despite the best efforts the current study maid in
hearing aid counseling. The main purpose of the study
was to evaluate the relationship between the initial acceptance of hearing aid and individual’s ANL.

2. Materials and Methods
Study subjects
The current study performed on 60 patients with hearing loss who were the candidates for wearing hearing aid;
they were assigned to 2 groups: the first group included
30 patients who accepted to take hearing aid and the second group compromised of 30 patients who refused to
take hearing aid. The inclusion criteria were postlingual,
moderate to severe sensory neural hearing loss adults; age
range 30 to 85 years; word recognition score higher than
72%; no cognitive or neurological deficits. All patients
were recruited from Shahreza Rehabilitation Hearing Aid
Center affiliated to the Iranian Welfare organization.
Instrumentation
Otoscopic examination, basic audiological tests including Pure Tone Audiometry (PTA), speech audiometry,
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and acoustic immittance were performed for all participants. PTA was conducted by AC33 (Interacoustic, Denmark). The audiometer and sound field were calibrated
based on the American National Standards Institute
(ANSI S3.6-2004). The acoustic immittance test (tympanometry and acoustic reflex) was carried out by ZA86
(Pejvak Ava, Iran). The ANL was determined using the
Persian version of ANL test. The test is about 20 minutes
of a female running story [10]. Also, a 12 talker babble
noise was used as the competing noise. Both the running speech and speech babble were presented through a
compact disc player routed through the audiometer via a
single speaker (Pejvak Ava Ap12 power amplifier, Iran).
The speaker was located in front of the patient with 1
meter distance (0° of azimuth). The test was carried out
in an anechoic test room. The levels of speech and noise
were based on dB HL.
Acceptable noise level procedure
Initially, the patient was trained by oral and written instructions for the 2 following parts of the test. The description was about the goal of experiment, stages of the
test, and the task of subject during the test.
Determining the MCL
Patient was instructed and got ready for MCL test with
this statement:” You will listen to a story through the
loudspeaker that is in your hand. Please pay attention
to its loudness carefully and let us know the intensity
that is most comfortable for you”. After instruction and
ensuring the full understanding of the explanations, the
running speech was presented through the speaker. The
starting level of speech was 30 dB HL, and according to
the patient’s signal, the level was increased or decreased
in steps of 5 dB until the most comfortable level was
obtained by the patient [9].
Determining the BNL
According to the procedure of MCL, the instruction
was also given to the patient. The subject was explained
and taught for BNL with this statement: You will listen
to the same story with background noise of several individuals talking at the same time. First, the noise level
will be turn up until you signal that the noise is too loud
for you to understand the story. Then, the noise level will
be turn down until you signal that you can understand
the story very clearly. Finally, the level of noise will be
adjusted to a maximum that you would be willing to “put
up with” for a long time while following the story.

After instruction and ensuring full understanding of the
explanations, the babble noise was added to the running
speech as a competing noise and both were presented to
subject. In this step, the starting level of noise was put on
30 dB HL and then, it was increased in the 5 dB steps until
a level that the patient could not tolerate. On the final part
of the test, the level of noise was adjusted to the 2 dB steps.
BNL level was measured for 3 times and the average was
recorded as the final level of BNL. Finally, the amount of
ANL was calculated using the following formula [11]:
ANL=MCL–BNL
Hearing aid acceptance
In this stage, comprehensive hearing aid counseling
was given to the patient. The counseling process included education (awareness, information, inquiry, and
consideration), demonstration, discussing options, offering the choices, overcoming objections, and reassurance
[12]. The most important part of hearing-aid counseling
is the education. Instruction consists of the following 5
levels: Awareness, Information, Inquiry, Consideration,
and Statistical methods.
"Awareness" is the first step in counseling education. In
this step the patient is notified about what is supposed to
be offered to him. In the "information" step the subject is
promoted to learn more about how the test can help him.
In the "inquiry" level, the curiosity of the subject is incited and he/she starts to ask some questions to learn more
about the benefits of hearing aids. In this step of education, the patient spontaneously is involved in the process
of working and cooperating with the trainers. "Consideration" can be considered as one of the most significant
levels of the current project. In this step, the customer
actively ponders taking hearing aid and its services. The
other parts of counseling were performed completely, and
then, the patient was free to accept or refuse using hearing
aid. The decision of the patient was reported as: accepted
or refused using hearing aid. In "statistical methods" step,
the Kolmogorov–Smirnov (K–S) test was used to assess
the normal distribution of data. The Pearson correlation
was used to assess the relationships among variables, and
the independent t test was used to compare data between
groups. All analyses were performed with SPSS version
16 (SPSS Inc. Released 2007. SPSS for Windows, Version 16.0. Chicago, IL, USA).

3. Result
In the present study, a total of 60 participants were assigned to 2 groups: accepted hearing aid (HA) and non-
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accepted hearing aid (No-HA); subjects’ age range was
30 to 85 years with the mean age of 60 and 63 years
in HA and No-HA groups, respectively. There were 20
males and 10 females in HA group and 19 males and
11 females in No-HA group. There was no significant
relationship in gender and age between the groups. The
mean audiograms showed moderate to severe sensorineural HL. Kolmogorov-Smirnov test for MCL, BNL,
and ANL were performed in each group separately
(Table 1). There was no significant difference between
the groups in each set and the data were normally distributed (Table 1).
Means and Standard Deviations (SD) were averaged
across all 30 participants in MCL, BNL, ANL and AGE
for both groups and provided in Table 2. The results
showed minimum difference between the groups in
MCL mean. Similarly, the difference of BNL between
two groups was low. ANL mean varied from 7.83±3.08
to 11.73±2.31 among individuals that showed a marked

decrease in two groups (Table 2). It was also confirmed
by t test between the 2 groups ANL (Table 2). According
to the results illustrated in Table 2, there was a significant
difference (P≤0.001) between the groups in ANL. The
difference was insignificant for MCL (0.813) and BNL
(0.07) between the groups.

4. Discussion
The current study aimed at evaluating the acceptable noise level contributes to accept hearing aid in
adults with hearing loss. Since there was no association between age and ANL [5], subjects were selected
patients within the age range of 30 to 85 years. Also,
since gender does not affect ANL [8], the study participants were selected out of both genders. Each participant’s ANL was compared with the acceptance of
hearing aid. The results showed that ANL mean in participants who accepted taking hearing aid was lower
than the ones who refused to use it.

Table 1. Kolmogorov Smirnov test of most comfortable level, background noise level, and accepted noise level in the study groups

Group

HA

No-HA

MCL

BNL

ANL

N

30

30

30

Kolmogorov-Smirnov Z

0.668

0.848

0.795

Asymp. Sig. (2-tailed)

0.763

0.469

0.552

N

30

30

30

Kolmogorov-Smirnov Z

0.854

0.779

0.954

Asymp. Sig. (2-tailed)

0.460

0.578

0.322

HA: Hearing Aid; No-HA: Non-accepted Hearing Aid
Table 2. Comparison of MCL, BNL and ANL among the study groups

Group
MCL

BNL

ANL

Age

N

Mean

SD

HA

30

62.00

7.48

No-HA

30

62.43

6.59

HA

30

54.17

7.71

No-HA

30

50.70

6.81

HA

30

7.83

3.08

No-HA

30

11.73

2.31

HA

30

60

17.33

No-HA

30

63

11.81

Sig. (2-tailed)
0.813

0.070

0.000

MCL: Most Comfortable Level; BNL: Background Noise Level; ANL: Accepted Noise Level; HA: Hearing Aid; No-HA: Nonaccepted Hearing Aid
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ANL assesses the willingness of a listener to hear a
continuous speech in the presence of background noise.
ANL test takes about 2 or 3 minutes and its results are
reliable and valuable over time even in the listeners
with hearing impairment. Nabelek et al., showed that
although none of normal hearing listeners (low or high
ANLs) had no apparent clinical consequences, patients
with hearing impairment who showed high ANLs (≥14
dB) had more problem in use of hearing aid. But, the listeners with hearing impairment and low ANLs (≤8 dB)
seem to be comfortable with their amplifications; while,
patients with ANL 8 to 14 dB showed different reactions.
Harkrider and Tampas suggested that these differences
may be attributed to the function of the cochleae and/or
auditory nervous systems variations. They also recommended further studies in this regard [13]. Seven years
later, Franklin et al., found a relationship between ANL
and psychological factors such as the type of personality.

had ANL mean higher than 12 refused hearing aid and
showed resistance against it.

Due to their report, patients who had openness personality had lower ANL and can tolerate more background
noise, whereas the ones with conscientious personality
had higher ANL and can put up with less background
noise [9]. Speech perception in noise scores is not affected by the ANLs and use of hearing aid amplification
does not various ANLs. According to this fact, ANL can
be used before hearing aid fitting as a predictor. Nebelek
et al. found ANL as an accurate objective scale to predict hearing aid satisfaction with 85% validity; they also
showed that ANL is a more precise measure rather than
SPIN1 or audiogram type [6].

The current study results showed that lower ANLs are
correlated with acceptance of hearing aid and higher
ANLs are correlated with resisting against having hearing aid. Participants who accepted taking hearing aid had
lower ANL and participants who resisted against taking
hearing aid, had higher ANL on average. The current
study attempted to improve the rehabilitation given to
the patients, and the authors hope it is useful to other
researchers to provide a better understanding of how patients react to background noise in order to give hearing
aid counseling and prescription, and also find out why
some patients are indifferent in hearing aid acquisition,
despite the efforts of the current study in offering the best
hearing aid counseling.

Although many studies evaluated the relationship between ANL and hearing aid satisfaction, there was no
study on the usage of ANL as the predictor for initial
hearing aid acquisition. In other words, there was not
objective scale in the field of hearing aid acquisition. As
ANL is associated with personality [9] and on the other
hand, personality is an important factor in the candidacy
of hearing aid [14], the current exploratory study was
conducted to determine the relationship between the initial acceptance of hearing aid and individual’s ANL. According the results, ANL means in subjects who accepted and refused using hearing aid were 7.83 and 11.73,
respectively. Difference between the MCL means in 2
groups was minimal. Similarly, the difference of BNL
between the 2 groups was low. In a comparison with Nabelek study, it can be concluded that patients with ANL
mean lower than 8 better accepted hearing aids and were
the good candidates for hearing aid. Also, patients who

1. Speech in noise

Since the age did not directly affect hearing aid candidacy and hearing aid acceptance [14], it seems that various
age ranges could not be an interfering variable, but for
more confirmation and clearness, it needs further investigations. Some of main factors were not considered properly in the current study such as patient cognition, referral center, type of personality, audiologist gender, special
conditions of clinic, and patient’s budget. According to
these factors, a more controlled research is recommended. In addition, a double-blind research method is also
recommended. If the relationship between acceptance of
hearing aid and ANL holds true for listeners with hearing loss, then knowing something about a person’s ANL
may help audiologists to determine whether the client
will most likely be a good candidate for hearing aids.
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