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Abstract
Background and Aim: Acceptable noise level
(ANL) test is a reliable measure of people’s ability to tolerate background noise. Central nervous system is one of the determinant factors in
subject’s tolerance of noise. Bilinguals’ different central activity pattern may yield different
ANL test results from monolinguals. This study
aims to compare noise tolerance function in
Arabic-Persian bilinguals with Persian monolinguals via Persian version of ANL.
Methods: In the present study, the Persian version of ANL was administered on 115 cases
with normal hearing (56 male, 59 female) aged
18–37 years in three groups of the Persian monolingual, sequential Arabic-Persian bilinguals,
and simultaneous Arabic-Persian bilinguals.
Results: The statistical analysis revealed significant difference in most comfortable level
(p = 0.002) and background noise level (p =
0.011) among three groups, i.e. between Persian
monolinguals and sequential Arabic-Persian bilinguals and between Persian monolinguals and
simultaneous Arabic-Persian bilinguals. In other
words, mean scores of bilingual were higher
than monolingual scores. There was no significant difference among three groups with regard
to ANL scores (p = 0.114).
Conclusion: Despite the difference between
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Persian monolinguals and Arabic-Persian bilinguals in most comfortable level and background
noise level, there is no significance difference in
ANL results. Therefore, auditory central processing acts similarly in normal hearing monolingual and bilingual subjects. As a result, Persian
version of ANL can be used for Arabic-Persian
bilinguals, too.
Keywords: Acceptable noise level; ArabicPersian bilinguals; bilingualism; normal hearing
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Introduction
One of the prominent abilities of auditory system is the speech perception in the presence of
background noise and separating spoken message from noise [1]. In auditory evaluation, one
of the concerns of audiologists is to evaluate
auditory function in the presence of background
noise in different populations, especially in those who suffer from hearing loss. One of common complaints of individuals with hearing
loss, who use the hearing aids, is the intolerance
of background noise and speech perception in
this condition [2]. In this regard, different testes
have been designed that examine different
aspects of this issue. One of these tests is
the acceptable noise level (ANL) [3]. ANL
quantitatively determines the amount of noise
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that a person can tolerate when listens to speech
[2-4].
This test was designed by Nabelek and associates in 1991 and were used in different studies [2-4]. To calculate ANL, a recorded running speech like a story is presented at subject’s
most comfortable level (MCL). In the next
level, the noise is presented ipsilaterally way.
The intensity of noise increases in 5 dB steps to
the extent that the person can simultaneously
tolerate the highest level of noise and follow the
story. The maximum tolerated noise is called
background noise level (BNL). ANL is calculated as ANL = MCL-BNL in terms of dB. To
acquire ANL, speech and noise signal, both are
presented with loudspeaker and 0° azimuth [2].
Nabelek et al. examined the relation between
ANL and use of hearing aid. They concluded
that the mean of noise tolerance in full time
users (7.7 dB) is significantly less than part time
users (13.5 dB) and non-users (14.4 dB). Also
full time users are more inclined to use hearing
aid and have more tolerance of noise. The
authors proposed that individuals with ANL less
than 7 dB will be successful users of hearing
aids, while individuals with ANL more than 13
dB will not be successful users. In this study,
accuracy of ANL prediction is estimated as 85%
[3].
Other studies have indicated that ANL is not
related to factors such as age [2,3], hearing aid
amplification [4,5], speech in noise discrimination function [3-5], middle ear condition, acoustic reflexes thresholds and cochlear responses
or contralateral suppression [6,7], but to peripheral hearing loss pattern [8].
Harkrider and Tampas examined different cochlear responses and central nervous system in
women with high and low levels of ANL. The
testes like click-evoked otoacoustic emissions
(CEOAE), auditory brainstem response (ABR)
and middle latency responses (MLR) were carried out on these individuals. In conclusion, they
found that difference between two groups was
on amplitudes of ABR wave V and Na-Pa component of MLR [7]. These results suggested that
probably neurophysiologic differences in central
nervous system (CNS) areas could be consi-
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dered as variability factor in tolerance of background noise. Based on this study, it can be
deduced that CNS condition and its affecting
variables can be determining factors in individual’s tolerance for background noise [7]. Of
these variables, we can refer to bilingualism that
has been considered by some researchers.
With regard to control of two languages by
bilinguals, we can point to the involvement of
subcortical area, basal ganglia, and thalamus
[9]. Also, striatum especially vertex of caudate
nuclei are useful in most language functions like
controlling two languages by bilinguals [10].
These issues indicate the role of subcortical area
in language selecting and switching. Also different central activity pattern in bilinguals is
related to age acquired of second language, need
for a language, and learning strategy [11].
Harkrider and Tampas study reports that superior olivery complex, lateral lemniscus, inferior
colliculus, temporal lobe, and auditory cortex
are locations that affect individuals’ acceptance
noise level. Therefore this study aimed to determine whether bilingualism has any effect on
bilinguals’ noise tolerance compared to monolinguals and if Persian version of ANL test is
applicable for Arabic-Persian bilinguals.
Methods
This study is an analytic observational (crosssectional) research. Using convenience sampling method, a total of 115 individuals were
recruited for this study. They were 18–37 years
old with normal hearing thresholds, 25 dB or
better, at 250–8000 Hz [12]. The inclusion criteria comprised having healthy middle ear that
included type A tympanogram (with 0.4 to 1.6
compliance and peak pressure between +50 and
-150 daPa) with normal acoustic reflex thresholds between 70 and 100 dB HL [13]; with
18–39 years old; Persian monolingual [14] or
simultaneous Arabic-Persian bilingual [15] or
sequential Arabic-Persian bilingual [15]. The
Arabic language must be learned and spoken as
a native language (The study bilinguals were
selected from Persian-Arabic local bilinguals
lived in Ahvaz City, Khozestan Province, Iran).
In bilinguals, the third language should not be
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at the good or excellent level. Also the participants should be right handed [16], with no
history of alcohol use [17] or nervous system
medications and drugs impact on central nervous system [17]. They should not report any
history of otologic, psychological and neurologic problems like head trauma and accident
[17], no operation on nervous system and
history of seizure and migraine.
After the ethical code of this study was approved (IR.TUMS.FNM.REC.1397.026) by the
Ethics Committee of Tehran University of Medical Sciences, the informed consent was obtained from all participants. The questionnaires
were completed by individuals that included
personal information, inclusion criteria, the Edinburgh handedness inventory, and the bilingual
determining questionnaire to determine the type
of bilingualism as well as to rule out the
possibility of mastering the third language in
bilingual subjects [18]. Simultaneous bilinguals
learn the first and second languages simultaneously before the age of three, and sequential
Arabic-Persian bilinguals have sequentially acquired the second language after the first language and after the age of three. In the next step,
all of the subjects were evaluated routine hearing tests such as otoscopy by the German-made
Riester-type otoscope, tympanometry with the
26AZ acoustic immittance system (by Interacoustic, Danmark) for the examination of middle ear, pure tone and speech audiometry by
audiometer (Piano’ Inventis Company, Italy)
and eventually by the Persian version of the
ANL test [19]. We also used Dual-Channel
audiometer (Piano’ Inventis Company, Italy),
which has a sound field, free field speaker, and
amplifier (12AP, Pejvak-Ava, Iran). In this study participants included 59 women and 56 men.
Individuals were divided into three groups: the
Persian monolingual language group (41 people
including 21 women and 20 men) with mean
(SD) age of 22.6 (3.9) years, sequential bilingual Arabic-Persian group (44 people 17
women, 27 men) with mean (SD) age of 24.9
(4.18) years and simultaneous Arabic-Persian
bilingual group (30 participants including 21
women and 9 men) with mean (SD) age of 23.3
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(3.45) years.
The language skill level was assessed by a selfadministered questionnaire and visual analog
scale (VAS) method. The VAS is a 10 cm line
without labels and shows the two endpoints of a
skill range. The subject was asked to estimate
his/her proficiency in four skills of reading,
writing, speaking, and listening in both Arabic
and Persian languages. Finally, the average of
four values was determined as the skill level of
the subject in that language (1–2.5 weak, 2.5–5
average, 5–7.5 good and 7.5–10 excellent). In
the current study, all bilingual participants had
excellent skills in both languages [18].
The method of performing ANL test (the method for obtaining MCL and BNL) was provided
to all individuals in written form. After placing
the test subject in the acoustic room, the instruction was explained once again in spoken
form (for all three groups in Persian language).
After being ensured of the person’s full awareness of the test, the ANL test started. After
calibration, the running speech signal at 30 dB
HL intensity level was broadcasted to the subject at a distance of one meter away, at a zero
degree Azimuth. Then the sound intensity increased by 5 dB increment to the extent that the
test subject signaled the sound (through patient
signal system) as "very high." Afterwards, the
intensity of the signal was reduced in 5 dB steps
to the level that the test subject signaled the
sound (through patient signal system) as "very
quiet." At this stage, the intensity of the signal
was raised in steps of 2 dB to the extent that the
test subject would describe it as the "perfectly
comfortable" signal. After two consecutive 2 dB
changes (ascending and descending), the MCL
level was determined. The intensity of this level
was titled “MCL” in dB for a person in a table
that was designed to record results of all subjects. After executing this step, simultaneous
with the presentation of the running speech
signal at the most comfortable level of hearing,
the noise was broadcasted through the same
speaker, at the same distance, at 30 dB HL intensity. The intensity of the noise was increased
at increments of 5 dB up to the level that the test
subject could not follow the spoken signal.
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Table 1. Mean (standard deviation) of most comfortable level, background noise level, and
acceptable noise level in Persian monolingual, sequential Arabic-Persian bilingual, and
simultaneous Arabic-Persian bilingual in terms of gender (n = 115)
MCL
Language group

BNL

ANL

Gender

Number

Mean

SD

Mean

SD

Mean

SD

Female

21

36.85

4.57

36.14

5.7

0.71

3.25

Male

20

36.75

7.18

36.65

6.62

0.1

2.71

Total

41

36.8

5.91

36.39

6.09

0.41

2.98

Female

17

41.76

4.45

39.94

3.79

1.82

2.09

Male

27

41.14

6.46

40.03

5.88

1.07

2.12

Total

44

41.38

5.72

41.38

5.72

1.36

2.12

Female

21

40.19

5.29

39.52

5.42

0.66

1.82

Male

9

38.66

6.57

38.44

6.32

0.2

1.78

Total

30

39.73

5.63

39.73

5.63

0.53

1.79

Persian monolingual

Sequential Arabic- Persian bilingual

Simultaneous Arabic- Persian bilingual

MCL; most comfortable level, BNL; background noise level, ANL; acceptable noise level, SD; standard deviation

After that, the intensity of the noise was reduced
in 5 dB decreasing steps, to the level that the
test subject could describe the sound of the spoken signal clear. Eventually, the intensity of the
noise increased in steps of 2 dB to the level that
the test subject could follow the running speech
despite the noise. After two consecutive 2 dB
noise level increase and decrease, the BNL level
was determined and the intensity of this level
was recorded on the record sheet as the BNL
[3]. Finally, the ANL was calculated by subtraction of BNL from MCL.
The obtained data were analyzed by SPSS
23 and data normalization was tested by
Kolmogorov-Smirnov test. The independent
t-test was used to examine the effect of gender
on MCL and BNL in three groups and on ANL
in Persian monolingual group. We used MannWhitney U test to analyze the effect of gender
on ANL in bilingual groups. In order to compare MCL and BNL parameters among three
study groups, one way ANOVA was used.
Moreover, the Least Significance Difference
(LSD) was done. Due to the lack of normal
distribution of ANL, non-parametric Kruskal-
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Wallis test was used to compare ANL scores
among the three study groups. The level of
significance was considered 0.05 and the power
as 80%.
Results
Gender-specific values of MCL, BNL, and
ANL were obtained in each language group
(Table 1). Based on the findings, the average
MCL values in women and men of the Persian
monolingual group were 36.85 and 36.75 dB,
respectively, in the sequential Arabic-Persian
bilingual group, 41.76 and 41.14 dB, respectively, and in the simultaneous Arabic-Persian
bilingual group 40.19 and 38.66 dB, respectively. The average BNL values for women and
men of the Persian monolingual group were
36.14 and 36.65 dB, respectively, in the
sequential Arabic-Persian bilingual group, 39.94
and 40.03 dB, respectively, and in the simultaneous Arabic-Persian bilingual group 39.52
and 38.44 dB, respectively. The mean ANL
values for women and men of the Persian
monolingual group were 0.71 and 0.1 dB, respectively, in the sequential Arabic-Persian
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bilingual group 1.82 and 1.07 dB, respectively,
and in the simultaneous Arabic-Persian bilingual group 0.66 and 0.2 dB, respectively.
In comparing MCL between women and men,
the levels of significance in the Persian monolingual group, sequential Arabic-Persian bilingual and simultaneous Arabic-Persian bilingual
were 0.955, 0.732, and 0.507, respectively. In
comparing BNL between men and women, the
levels of significance in the Persian monolingual group, sequential Arabic-Persian bilingual
and simultaneous Arabic-Persian bilingual were
0.794, 0.948, and 0.638, respectively. In comparing the ANL between women and men, the
levels of significance in the Persian monolingual group, sequential Arabic-Persian bilingual,
and simultaneous Arabic-Persian bilingual were
0.517, 0.566, and 0.372, respectively.
The results show no significant difference between the mean scores of MCL, BNL and ANL
in men and women in any language group. The
mean scores of the two sexes in each language
group were approximately equal (p > 0.05).
ANOVA test was used to investigate the effect
of bilingualism on MCL (p = 0.002) that showed a significant difference among the three
linguistic groups. As a result, we used the LSD
post hoc analysis to find the difference between
groups. In post hoc studies, a significant difference was observed between the Persian monolingual group and sequential Arabic-Persian
bilingual group (p = 0.037) and between the
Persian monolingual group and simultaneous
Arabic-Persian bilingual group (p < 0.001).
However, this difference was not significant
between two bilingual groups (p > 0.05).
In studying the effect of bilingualism on BNL, p
value was found as 0.011 that indicated a significant difference among the three linguistic groups. As a result, we used the LSD post hoc
analysis to determine whether the difference
among groups was significant. In post hoc studies, there was a significant difference between
the Persian monolingual group and sequential
Arabic-Persian bilingual group (p = 0.004) and
between the Persian monolingual group and
simultaneous Arabic-Persian bilingual group
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(p = 0.04). However, this difference was nonsignificant between two bilingual groups (p >
0.05).
In analyzing the effect of bilingualism on ANL,
the ANL level values in the Persian monolingual group, sequential Arabic-Persian bilingual
and simultaneous Arabic-Persian bilingual were
found as 0.415, 1.36 and 0.53 dB, respectively,
indicating no significant difference among three
language groups in ANL scores (p = 0.114).
Discussion
As mentioned above, because of the involveement of subcortical regions, especially thalamus in bilingual people [9], and on the other
hand, considering the centrality of the source of
noise tolerance and the fact that the difference in
activity levels from the brainstem to the temporal lobe can affect the extent of noise acceptance in people [7], in this study, the speech
perception function was compared with the presence of background noise between ArabicPersian bilinguals and Persian monolinguals.
In the present study, the effect of gender on the
mean scores of MCL, BNL, and ANL was
investigated and the results indicated no gender
effect on any parameter.
In the study of Ahmadi et al., the mean scores of
MCL and BNL were measured in 66 people
with normal hearing (33 females, 33 males);
these scores were significantly lower in women
than in men (p = 0.014) [19]. The findings of
this study are not in line with ours. In the study
of Rogers et al. [20] MCL scores were 6 dB
higher in men compared to women, and mean
scores of BNL were 7 dB higher. This is not in
line with the findings of our study either.
In the present study, all three language groups
were the same, and the gender difference was
not significant in any of the linguistic groups.
Also, the ANL test is a behavioral test that is
affected by attention or tiredness of the patient
[21]. Perhaps considering the sample size and
study population the larger sample size is valuable too. It should be noted that different
results of our study with regard to MCL and
BNL scores with previous study do not change
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the clinical decisions for two reasons. First,
MCL in all three groups were within normal
comfortable hearing level [12], second the difference between MCL and BNL recalls the concept of ANL for us.
In the present study, there was no significant
difference between the ANL results of two
sexes (p = 0.114), which is in line with Rogers
et al.’ study. They studied 50 subjects including
25 men and 25 women with normal hearing sensitivity, and found ANL mean (SD) scores in
women as 11.4 (7.7) and in men as 10.4 (6.6).
Therefore, ANL scores were not significantly
different between the two sexes [20]. The study
of Ahmadi et al. [19] also confirms the findings
of the present study, so that the mean (SD) ANL
scores in women was 2.12 (2.28) and in men
1.94 (2.41) which was not significantly different
(p = 0.47).
In examining the effect of bilingualism on the
MCL and BNL, it was found that these two
levels were significantly higher in both bilingual
groups compared to the monolingual group,
despite the fact that MCL in all three groups
were within the comfortable range of hearing
(i.e. 30–40 dB higher than hearing threshold)
[21]. The cause of higher MCL and BNL level
in bilingual subjects may be due to the fact that
in the first place, the test material was chosen
from the second language, not the first language. On the other hand, in bilingual people,
both languages must be processed, and as they
regularly use both languages, they are forced to
control the interference of both languages, so
that when they speak a language, unintentional
use of non-target language does not happen
[22]. Because in studies of ANL in bilingual
people, the subtests of ANL have not been
reported so far, this is the first study that examined the impact of language on MCL and
BNL.
In the present study, the ANL scores in the
sequential bilingual group (1.36 dB) were higher than monolingual group (0.41 dB) and simultaneous bilingual (0.53 dB), but their difference
was not statistically significant. If because ANL
difference becomes significant, when it is more
than 4–5 dB [23].
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In the study of von Hapsburg and Bahang, an
English-speaking monolingual group with two
Korean-English bilingual groups with low proficiency (LP) and moderate proficiency (MP) in
the second language were examined by ANL
test. The English monolingual group was tested
with the ANL English language test and 12
Person English bubble, while two KoreanEnglish bilingual groups once were tested with
English test materials and then with Korean test
materials. The ANL level with the English test
materials in the monolingual, LPB and MPB
groups were 6.4, 6.8 and 8 dB, respectively, and
the ANL with Korean test materials in MPB and
LPB were 7.3 and 7.7 dB. The results showed
that bilingual people require a higher signal-tonoise ratio to perceive the second language, thus
having a higher tolerance level (lower ANL) for
their first language than the second language.
Analytical analyzes of this study showed no significant difference between ANL level of monolingual people and bilingual subjects [24]. Findings of this study are consistent with these findings.
In another study, Shi et al. tested ANL on
24 Spanish-English (S) bilinguals, 16 RussianEnglish (R) bilinguals and 15 English monolingual (M) by placing the speakers at a distance
of 1.5 meter and at zero degrees of Azimuth.
They also changed the study variables, such as
the type of listener (monolingual or bilingual),
the type of speech signal language (Spanish or
English, here the language's comprehensiveness
has been considered) and the features of the
babble (the tune of the language that the reader
was familiar with, and the number of speakers
was 4 or 12). The mean ANL values obtained
under all of the above conditions in M, S, and R
groups were 4.91, 4.11 and 8.84 dB, respectively. Considering the type of listener, the
results showed that the R group had higher ANL
than the other two groups, because both the
signal language was presented in the second
language (English) and the foreign language
(Spanish), and the bubble noise was presented
in the second language (English) and the foreign
language (Spanish), therefore they have tolerated less noise. With regard to the speech signal

http://avr.tums.ac.ir

Taheri et al.

language that was once in English and once in
Spanish, it was concluded that the English signal would reduce ANL compared to the Spanish
signal, but this difference is not clinically significant. Regarding the characteristics of the
babble, no significant effect was observed in the
M and S groups, but for the R group, a significance difference was found between 12 multitalker English and Spanish babble, and when the
12 multi-talker Spanish babble had been used
for them, they got higher ANL scores. The study authors concluded that the independence of
ANL from language cannot be fully confirmed
[17]. Lack of significant correlation between
ANL in monolingual and Spanish bilingual groups in the Shi et al study is consistent with ANL
findings in the current study between Persian
monolingual and Arabic-Persian bilinguals.
Conclusion
Although MCL and BNL are higher in bilingual
groups compared to monolingual group, the
relationship between these two levels, which
expresses the concept of ANL, does not have a
significant difference in all three groups. This
suggests that in normal people, the relationship
between central hearing processing and noise
tolerance during speech perception in each group works the same way. Thus in spite of the
difference in the ANL parameters, this value in
three groups is the same and is not affected by
changes in the use of language patterns in bilingual subjects. As a result, the Persian version of
ANL can be used for Arabic-Persian bilingual
subjects.
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