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Abstract 
Background and Aim: The acceptable noise 

level (ANL) assesses the noise that a person can 

tolerate during a running speech. Although it is 

a strong test, it has not yet become popular in 

clinical practice. One of the reasons is its con-

tradictory results. Since it is a psychoacoustic 

test, psychological factors can affect its output. 

Investigation of these factors can provide more 

accurate results. This study aims to investigate 

the effects of noise and work-related fatigue on 

the ANL in normal-hearing people. 

Methods: Participants were the male workers  

in the administration (n = 26) and production  

(n = 26) departments of an automotive manufac-

turing industry in Iran. They were evaluated 

before and after leaving the workplace in order 

to determine the effects of noise exposure, fati-

gue as well as their simultaneous effects on the 

ANL. 

Results: In both groups, the ANL showed a sig-

nificant increase after work compared to its 

level before work, and the background noise 

level (BNL) was significantly decreased. There 

was no significant difference in the BNL bet-

ween administration and production groups bef-

ore work. The most comfortable level (MCL) 

showed no significant increase. Moreover, the 

MCL changes were not significantly different in 

the production group compared to administra-

tion group, but the BNL and ANL changes were 

significantly higher. 

Conclusion: Noise exposure and work-related 

fatigue affect the ANL. During the ANL test, 

earlier exposure to noise and the amount of fati-

gue should be controlled. 
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Introduction 

Acceptable noise level (ANL) test, developed 

by Nabelek et al. (1991), is used to assess the 

maximum amount of background noise that  

a person can tolerate when listening to a story 

without tiredness [1,2]. ANL is defined as  

the dB difference between most comfortable 
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listening level (MCL) for running speech and 

the maximum background noise level (BNL) 

that a listener is willing to tolerate when pur-

suing the running speech (ANL = MCL − BNL) 

[2]. This test includes a running speech and a 

multi-talker speech babble [2]. Ahmadi et al. 

developed the Persian version of ANL test and 

used it on 166 normal-hearing people [3]. It has 

been reported that ANL is linked to the patterns 

of hearing aid use [2]. Hence, the people with 

low ANL (< 7) are probably the successful and 

full-time users of hearing aids, while people 

with midrange ANL (between 7 and 13) may  

be either successful or unsuccessful users, and 

those with high ANL (> 13), are likely to bec-

ome unsuccessful users who will never use their 

hearing aids [2]. In spite of fundamental studies 

on the ANL test scope and being a strong test, it 

has not yet become a common method in clini-

cal practice. Few studies have recently presen-

ted some evidence of inadequate ANL test res-

ults in predicting patterns of hearing aid use and 

in evaluating the ability of individuals for effi-

cient hearing aid use [4]. One of the disadvan-

tages of this test is its extensive score range. 

According to some recent studies, repeatability 

and reliability of this test are poor for normal-

hearing people and those with hearing loss [4,5]. 

For this test, different studies have reported var-

ious and extensive average values and ranges. 

These extensive ranges have led to great vari-

ability in the finings [4-6]. Although this vari-

ability has been noticed by the researchers 

[1,6,7], it has not been yet determined precisely. 

One reason is that the level of acceptable noise 

is taken into account, instead of considering  

a range of acceptable noise; as a result, the 

listener selects one of the numbers in the range 

under one test and the other number under other 

test [6]. 

The effects of central auditory system on the 

variability of acceptance BNL have been rep-

orted in different studies [1]. For example, 

Brännström et al. reported a positive strong 

relationship between working memory capacity 

(WMC) and the BNL [8]. Psychological factors 

also affect the ANL. For example, people  

with higher self-control ability (for emotions, 

thoughts and performance) have lower ANL 

compared to people with lower self-control abi-

lity [9]. It is expected that factors such as 

fatigue which influences performance and self-

control, affect the ANL. As a psychoacoustic 

measure, it can also be affected by psycho-

logical factors such as fatigue. On the other 

hand, exposure to noise can have negative psy-

chological consequences including fatigue, ann-

oyance, stress, etc [5,6,10]. Some non-auditory 

factors whose effects have been less studied are 

arousal stress response, sleep disorders, fatigue, 

irritability, decreased noise tolerance, annoya-

nce, memory impairment, impaired concentra-

tion, attention deficit, and decreased cognitive 

function [6,10-13]. In other words, it is expected 

that exposure to noise affects the ANL test 

results. Considering the above-mentioned mate-

rials, the present study aims to assess the effect 

of noise and work-related fatigue in clarifying 

the existing ambiguities in the ANL test results. 

The main hypothesis of this study is that, since 

noise and fatigue influence main abilities and 

cognitive function of people, they can also aff-

ect their ANL. 

 

Methods 

The current study protocol has been approved 

by the Research Ethics Committee of Tehran 

University of Medical Sciences (Code: IR. 

TUMS.FNM.REC.1397.095). It was conducted 

in Iran Khodro Company in Tehran, Iran. In the 

first step, the factory was visited and the back-

ground noise amount in different departments 

was assessed. The sections which met the requ-

ired criteria for Administration and Production 

Departments were determined: Production Dep-

artment (55 < Leq dB A < 85) and Adminis-

tration Department (Leq dB A < 55). Partici-

pants were 26 male workers in the Production 

Department and 26 male workers in the Admi-

nistration Department, who were selected using 

a convenience sampling method and based on 

the inclusion criteria. They had normal hearing 

( 25 dB HL) with a frequency of 250−8000 Hz 

[14] aged 18−50 years. The inclusion criteria 

were: being right-handed based on the Edin-

burgh handedness inventory [15], the ability to 
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write and read, being Persian monolingual, 

normal external and middle ear based on otos-

copic examination, normal tympanogram (Type 

An, static admittance of 0.27−2.8 mmho,  

and peak pressure of +50 to −100 dapa) [16], 

normal acoustic reflex threshold (in the range of 

70−100 dB HL) [17], no tinnitus and hyper-

acusis, not using medications that can affect  

the central nervous system, no history of head 

trauma/brain surgery/brain and nervous systems 

problems, and not using substances and psyche-

delic drugs. Leaving the study or having tem-

porary threshold shift (TTS) results after exp-

osure to noise, were the exclusion criteria. After 

selecting samples, the study objectives and 

methods were explained to them. 

In order to avoid noise-induced hearing loss and 

the effect of wearing a hearing protector in the 

workers on the study results, workshops with a 

noise level less than the action level were selec-

ted, since these levels were less vulnerable to 

TTS and did not need to use hearing protector 

devices. Evaluation of hearing status and the 

ANL test was performed by using the Madsen 

ORBITER 922 audiometer (Natus Medical Inc., 

Denmark). Moreover, middle ear examination 

was performed by using the Madsen DANPLEX 

tympanometr (Natus Medical Inc., Denmark) 

and fatigue was evaluated using the Multidi-

mensional Fatigue Inventory (MFI). This ques-

tionnaire was developed by Smets et al. contai-

ning 20 items [18]. First, after assessing inclu-

sion criteria and performing basic audiometric 

tests, the ANL test was performed and its results 

were recorded. After seven hours, hearing thre-

sholds were re-evaluated. In case of no any 

change in hearing thresholds, compared to the 

baseline level, the ANL test was administered 

for the second time, and its results were recor-

ded. 

For running the ANL test, a CD/DVD player 

was connected to a 2-channel audiometer. A 

calibration signal was first presented by the 

player, and after assuring the calibration accu-

racy, it was used in order to run the test. After 

explaining the instructions to the subjects, the 

test was initiated. At the beginning, running 

speech signal was played at 30 dB HL using a 

speaker placed at a 1-meter distance and on a  

0-degree azimuth. Then, it was increased by  

5 dB until the level that was reported too loud 

by the subject. After that, the signal level was 

reduced up to a level that was described too soft 

by the subject. In this stage, the signal level was 

increased by 2 dB until the subject described it 

as completely comfortable. This level was noted 

as the MCL. Then, the noise was presented at 30 

dB HL using the same speaker while the runn-

ing speech signal was continued to be presented 

at the MCL. The level of presented noise increa-

sed by 5 dB HL up to a level that the subject 

found it as untraceable. After that, the noise 

level was reduced by 5 dB up to a level that the 

subject described it as completely clear. Finally, 

the noise level increased by 2 dB up to a level 

that the subject could follow the running speech 

signal beside the receiving noise. This level was 

recorded as the BNL. ANL was obtained by 

subtracting the BNL from the MCL [2]. 

For completion of the MFI questionnaire, the 

examiner first explained to the subjects that,  

by using this questionnaire, their feelings and 

conditions would be assessed after leaving the 

workplace compared to the conditions before 

leaving the workplace. Then, the subjects were 

asked to choose the items that describe their 

conditions. The MFI items are rated on a 5-point 

Likert scale ranging from “Yes, that is true”,  

to “No, that is not true”. Some of the items  

have reversed scoring (items 2, 5, 9, 10, 13, 14, 

16, 17, 18, 19]. In order to assess the total score 

of the MFI, the scores of all items were summed 

up. The total score ranges from 20 to 100, where 

a higher score indicates more fatigue [18,19]. 

The data were analyzed using statistical tests, 

including Wilcoxon test, Mann-Whitney U test, 

and Spearman correlation test in SPSS v.19 

software, considering a significance level of 

0.05. The MCLs, BNLs and ANLs were com-

pared between two groups of workers at the 

production and administration departments bef-

ore and after work, using the nonparametric 

Wilcoxon test. The mean scores of MCL, BNL 

and ANL were calculated in two groups and 

compared using the nonparametric Mann-

Whitney U test. In order to assess the effect of  
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fatigue on the ANL test parameters categorized 

by study groups, Spearman correlation test was 

used which evaluates the relationship of MCL, 

BNL and ANL with fatigue (total MFI score). 

 

Results 

The mean age of participants was 40.3 ± 7.55 in 

the administration group and 39.76 ± 3.33 years 

in the production group. The mean noise level 

was reported 51.42 ± 1.13 dB A in the adminis-

tration group and 79.78 ± 2.34 dB A in the 

production group. The lowest level of noise 

level was reported in the administration group 

(50 dB A). The mean total MFI score after work 

was 42.19 ± 6.20 in the administration group 

and 49.80 ± 8.72 in the production group. The 

comparison of total MFI score between two 

study groups showed that this score was signifi-

cantly higher in the production group than in the 

administration group (p = 0.00). The mean sco-

res of MCL, BNL and ANL were calculated in 

two groups and compared between them whose 

results are presented in Table 1. The MCL, BNL 

and ANL in two study groups were also com-

pared before and after work. The results are 

presented in Table 2. 

In order to evaluate the effect of work-related 

fatigue on the ANL test parameters categorized 

by group, the relationship of MCL, BNL and 

ANL with work-related fatigue (total MFI 

score) was assessed. The results are shown in 

Table 3. As can be seen, there was no signi-

ficant correlation between the mean MCL and 

total MFI score in two groups, but a significant 

correlation was observed between the mean 

BNL and ANL changes and the total MFI score. 

According to Cohen, r = 0.10 − 0.29 indicates 

small effect size, r = 0.30 − 0.49 shows medium 

effect size, and r = 0.50 − 1 shows large effect 

size [20]; hence, the correlation between the 

MCL and total MFI score was small; between 

the BNL and total MFI score was medium; and 

between the ANL and total MFI score was 

large. 

 

Discussion 

Noise exposure can have non-auditory negative 

effects such fatigue, annoyance, stress, and psy-

chological consequences. The ANL, due to 

being a psychoacoustic method, is affected by 

psychological factors such as noise-induced 

fatigue [5,8,10]. In this study, the effect of two  

Table 1. The comparison between the mean scores of most comfortable, background 

noise, and acceptable noise levels in two groups 

 

 Administration Department  Production Department   

Variables Mean (SD) Median  Mean (SD) Median p Power 

MCL before work (dB HL) 43.69 (2.75) 44.00  43.69 (3.82) 44.00 0.956 0.80 

MCL after work (dB HL) 43.76 (2.67) 44.00  43.84 (3.91) 44.00 0.860 0.82 

MCL changes (dB HL) 0.07 (0.39) 0.00  0.15 (0.54) 0.00 0.556 0.81 

BNL before work (dB HL) 42.92 (3.16) 44.00  41.53 (3.80) 41.00 0.168 0.80 

BNL after work (dB HL) 42.30 (3.60) 43.00  40.00 (3.79) 40.00 0.032 0.80 

BNL changes (dB HL) −0.61 (0.94) 0.00  −1.69 (1.08) −2.00 0.001 0.82 

ANL before work (dB HL) 0.76 (1.50) 0.00  2.15 (1.48) 2.00 0.002 0.91 

ANL after work (dB HL) 1.46 (1.92) 2.00  3.84 (1.25) 4.00 0.000 0.95 

ANL changes (dB HL) 0.69 (0.97) 0.00  1.69 (1.22) 2.00 0.003 0.93 

MCL; most comfortable level, BNL; background noise level, ANL; acceptable noise level 
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variables, noise and work-related fatigue, were 

assessed on 26 workers of administration dep-

artment and 26 workers of production depart-

ment in an automotive manufacturing industry. 

Based on the results, noise and fatigue increased 

the ANL and reduced the BNL. The MCL in 

production and administration groups did not 

change significantly after exposure to noise and 

fatigue. 

In different studies, contradictory results have 

been reported for the ANL test [4-6]. For exam-

ple, in Freyaldenhoven et al.’s study on normal-

hearing people, the mean ANL was 12.9 ± 5.2 

dB, ranging from 4 to 24 dB [7]. Brännström et 

al., in a study on 32 adults with normal-hearing, 

assessed the effect of a number of repetitive 

stimuli causing fatigue on the MCL under the 

ANL test, and also the relationship between the 

MCL and the cognitive processes. They meas-

ured phonological working memory (PWM), 

and found out that the MCL has negative rela-

tionship with PWM. This finding indicates the 

stability of the MCL under the ANL test [21], 

and no any change in MCL after repetitive sti-

mulus presentation and subsequent fatigue. As a 

result, it is consistent with the results of the 

present study. In our study, the final MCL was 

determined by calculating the average values of 

three measures. This may decrease the change 

in the MCL. One study showed that, due to the 

effect of presentation at the MCL on the ANL, 

the tests that use only one measure for the MCL 

can produce some bias [21]. In the present 

study, it seems that the use of three measures for 

determining MCL led to the removal of this 

bias. Although there were some changes in the 

MCL, these changes were not statistically signi-

ficant. The use of recorded standard materials in 

the ANL test can increase the stability of MCL. 

In this study, the BNL and ANL significantly 

decreased and increased in two groups after 

exposure to the noise and or fatigue, respec-

tively. Noise exposure can increase stress res-

ponse, lead to increase in the stress hormone 

levels, and induces irritability, instability and 

poor concentration [22]. The changes in the pro-

duction group after noise exposure in the work-

place were significantly more than in the admi-

nistration group, which may be because of  

the stronger effect of simultaneous fatigue and 

noise exposure rather than the effect of fatigue 

alone. Brännström et al. examined the effect of 

multiple measurements to obtain reliable ANL 

test data. They conducted four ANL tests in one 

session on 32 normal-hearing adults. It was obs-

erved that the mean ANL scores increased signi-

ficantly from 4.7 to 5.6 dB, indicating a small 

but significant effect of fatigue on the ANL [6].  

Table 2. The p values and powers of statistical comparison of acceptable 

noise level, background noise level, and most comfortable level in 

administration group (n = 26) and production group (n = 26) before and 

after work 

 

Groups Variables P (comparison of before and after work) Power 

Administration 
MCL (dB HL) 0.317 0.82 

 BNL (dB HL) 0.005 0.81 

 ANL (dB) 0.003 0.92 

Production 
MCL (dB HL) 0.157 0.81 

 BNL (dB HL) 0.000 0.82 

 ANL (dB) 0.000 0.80 

MCL; most comfortable level, BNL; background noise level, ANL; acceptable noise level 
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This is consistent with the results of the current 

study. According to higher changes in the BNL 

and ANL in the production group compared to 

the administration group (p < 0.05), it was 

concluded that noise and work-related fatigue 

can result in more changes in these parameters. 

The relationship between these variables has 

also been reported in various studies [10,23]. 

One of the most important negative effects of 

noise exposure is fatigue [10,23], which can 

results in decreased noise tolerance [6]. In this 

study, these effects highly influenced the BNL 

and ANL, since there was a significant corre-

lation between the total MFI score and the chan-

ges in these two parameters. A suitable time 

should be determined for performing the ANL 

test; it is not a good time for this test to be taken 

after exposure to noise or and work-induced 

fatigue. 

One of basic applications of ANL is to predict 

the patterns of hearing aid use in hearing-

impaired people. The results of this study can 

not be generalized to hearing-impaired people, 

because their noise perception is different  

from that of normal-hearing people. On the 

other hand, measurement of the ANL in 

hearing-impaired people is similar to the ones 

exposed to loud sound, because the hearing  

aid output level is usually high. Further study  

on hearing-impaired samples is recommended. 

Furthermore, due to high difference in the ANL 

between normal-hearing and hearing-impaired 

people, all the factors affecting this result sho-

uld be controlled so that higher satisfaction level 

in hearing aid users can be achieved. 

 

Conclusion 

Noise exposure and work-related fatigue can 

significantly increase the ANL and reduce the 

BNL in normal-hearing people. Their simulta-

neous effects can even lead to higher effects. 
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