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Abstract

Background: The Acceptable Noise Level (ANL) is a measure of an individual’s ability to tolerate background noise while listening to speech.
Based on their ANL scores, people can be categorised into ‘low; ‘mid;, or ‘high’ ANL groups. However, there are reports of subtle central au-
ditory effects on the variation of ANL in normal hearing subjects. Because these reports are based on various objective test findings and in-
terpretations, process-based central auditory testing and subjective authentication is essential in order to understand central involvement in
individuals with various degrees of ANL.

Methods: A total of 106 Kannada-speaking adults with normal hearing sensitivity participated in the study. Their ANLs were measured and
they were then classified into low’, ‘mid} and ‘high’ groups. The temporal resolution abilities in these participants were tested using the Gap
in Noise (GIN) test.

Results: Descriptive analysis along with parametric statistical evaluations were carried out to compare the GIN scores of the three groups.
One-way ANOVA revealed that the GIN scores were not statistically different (p>0.05) between the groups.

Conclusions: The result suggests that the temporal resolution of individuals with varying degrees of ANLs is comparable. The absence of tem-
poral resolution difficulties in individuals with varying degrees of ANL do not necessarily contradict earlier reports, as they could have oth-
er central auditory processing difficulties. More research is required to clarify these difficulties.

Keywords: temporal resolution « acceptable noise levels « normal hearing sensitivity

HABILIDAD DE RESOLUCION TEMPORAL EN INDIVIDUOS CON DIVERSOS
GRADOS DE NIVEL DE RUIDO ACEPTABLE.

Resumen

Antecedentes: El nivel de ruido aceptable (Acceptable Noise Level, ANL) es un procedimiento que mide la capacidad de la persona para tole-
rar el ruido de fondo mientras se escucha un discurso. Estudios anteriores han aceptado que se puede distinguir los grupos de personas con
ANL “bajo”, “medio” y “alto” dependiendo de su puntuacién. Ademas, se sugiere una influencia auditiva central sutil en la variabilidad de la
ANL en personas con audicién normal. Estos informes, sin embargo, se basan en varios resultados de investigaciones objetivas y sus inter-
pretaciones. La validacién subjetiva y las pruebas basadas en procesos auditivos centrales son esenciales para comprender el impacto de los
procesos centrales en personas con diversos grados de ANL.

Meétodos: En el estudio participaron 106 hablantes de Kannada con sensibilidad auditiva normal. La ANL de todos los participantes se de-
termino utilizando la clasificacién ANL “baja’, “media” y “alta”. Las habilidades de resolucion temporal de estas personas se analizaron me-
diante la prueba de Gap in Noise (GIN).

Resultados: Se realiz6 un andlisis descriptivo con evaluaciones estadisticas paramétricas para comparar los resultados de GIN obtenidos en
los tres grupos de participantes. Se us6 ANOVA unifactorial para el calculo de la significancia. Los resultados de GIN no fueron estadistica-
mente significativos (p> 0.05) entre los grupos.

Conclusiones: El resultado indica que las capacidades de resolucién temporal de las personas con diferentes grados de ANL son compara-
bles. La falta de dificultad en la resolucion temporal en personas con diversos grados de ANL no necesariamente contradice los informes an-
teriores, ya que puede haber otros procesos auditivos centrales que pueden verse afectados en tales personas. Se necesitan mds investigacio-
nes para explicar las dificultades de procesamiento en personas con diversos ANL.

Palabras clave: resolucion temporal « niveles de ruido aceptables  sensibilidad auditiva normal.
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BPEMEHHAS PA3PEIIAIOIIASI CIIOCOBHOCTD V JTIOJIEV C PA3JIMYHON
CTEIIEHBIO JOITYCTMMOTI'O YPOBHA IIYMA

AHHOTAIMA

Beepenne: [lonmycTuMelii yposeHb 1yma (Acceptable Noise Level, ANL) - 310 mporeaypa, KOTopas usMepsieT CIIOCOOHOCTD 4YeToBe-
Ka I1epeHOCUTD (POHOBDIIT IIYyM BO BpeMs IIPOCIYIIMBAaHUsA peunn. PaHee ydeHble OIPeNe/IMIN, 9YTO MOYKHO BBIE/IUTH IPYIIIIBI TIOJEN €
«HU3KMM», «CpeIHUM» U «BbICOKMM» ANL. KpoMme TOro, CyliecTByIOT JaHHbIE O TOHKOM LI€HTPaIbHO-CTyXOBOM BJIVMSIHUY Ha Bapua-
6enpHOoCcTh ANL y j1r071€71 ¢ HOPMa/IbHBIM CIyXOM. DTI OTYETHI, OHAKO, OCHOBAHbBI HA PA3/IMYHBIX OObEKTUBHBIX pPe3y/IbTaTax UCCle-
moBaHuUIt ¥ X MHTEpHpeTanusax. CyObeKTHBHAs BaIUJALMs M VCC/IELOBAHISI, OCHOBAHHbIE Ha 3HAYEHVISIX LIEHTPA/IbHBIX MEXaHM3MaX
cyxa, HeOOXOAMMBI /15l IOHVMAHMsI BIVAHUS LeHTPaJbHBIX MEXaHU3MOB Ha JIIOfeil C pas3/m4Hol cTeneHpio ANL.

Mertopbi: B uccnemosanuy npuHaau yyactue 106 B3pOCIbIX HOCUTeNEl A3bIKA KAaHHAA C HOPMA/IbHON C/IyXOBOJ YyBCTBUTEIbHO-
crpio. ANL 1151 BCcex y9aCTHUKOB OTIpefe/Isi/IN TPV TOMOIIM KIacCH(PUKAIMN «HU3KIIT», «CpefHMiT» U «BbIcOKMi» ANL. Bpemennas
paspelaoias crroco6HOCTb ITUX JIIOfelt OblIa MpoaHaaN3NpoBaHa ¢ momourbio Tecta Gap in Noise (GIN).

Pesynbrarer: [Ina cpaBHeHus pesynpratoB GIN, monyueHHbIX B TpeX TPYINIAX YYaCTHMKOB, ObIT IIPOBeE/IEH OMNMCATEIbHBIN aHAIN3 C
TapaMeTPUYECKUMM CTAaTUCTUYECKUMHU oljeHKaMu. OpHocTopoHHuit ananuns ANOVA nokasan, yto pesynbrarbl GIN crarucruyeckn
He pasnndanuch (p> 0,05) MeXy rpymnmamm.

BriBopbr: Pe3y/nbTaThl IIOKa3bIBAIOT, YTO BPEMEHHAs Pa3pelaolas CIIoCOOHOCTD Y ofel C pasmnyHoii cTenenbio ANL conocraBiMa.
OTcyTcTBME TPYIHOCTEN BO BPEMEHHOM pa3pelleHNN y JIIofieli C pasnnyHoii cTeneHbio ANL He 0643aTe/TbHO IPOTUBOPEUNT IPEbILY-
LIMM ITyONMKAIVAM, TaK KaK Yy 9THX JII0fIell MOTYT OBITh HapyIIeHbI APYTHe IleHTPpajIbHble CTyX0Bble mpouecchl. Heo6xommmbl ganbHeit-
1I1e MCC/IeJOBAHNA 71 00bACHEHNA TPYJHOCTEN, CBA3aHHBIX C 3TUM IIPOIIECCOM, Y JTIOfieli C pasIMyHOI cTereHbio BocnpuaTusa ANL.

KnroueBsbie cmoBa: BPEMEHHOE pa3pe€lICHME » JOIIYCTUMbIE YPOBHU IIyMa ¢ HOPMaJ/IbHaA CIyXOBaA YyBCTBUTEIbHOCTD.

ROZDZIELCZOSC CZASOWA U OSOB O ROZNYM STOPNIU POZIOMU
AKCEPTOWALNEGO HALASU

Streszczenie

Wstep: Poziom akceptowalnego halasu (Acceptable Noise Level, ANL) to procedura, ktéra mierzy zdolnos¢ osoby do tolerowania szumu w tle
podczas stuchania mowy. Wczesniejsi uczeni przyjeli, ze mozna wyodrebni¢ grupy oséb o ,,niskim’, ,,$rednim” i ,wysokim” ANL. Ponadto
wskazuje si¢ na wystepowanie subtelnego centralno-stuchowego wplywu na zmienno$¢ ANL u 0s6b z normalnym stuchem. Raporty te sg jed-
nak oparte na réznych obiektywnych wynikach badan i ich interpretacjach. Subiektywne uwiarygodnienie i testy bazujace na procesach cen-
tralno-stuchowych s3 niezbedne do zrozumienia wplywu proceséw centralnych u 0séb z réznym stopniem ANL.

Metody: W badaniu wzielo udzial 106 dorostych oséb méwiacych jezykiem kannada o normalnej wrazliwosci stuchowej. Okreslono ANL
wszystkich uczestnikow uzywajac klasyfikacji ,,niski’, ,,$redni” i ,wysoki” ANL. Zdolno$ci rozdzielczosci czasowej u tych oséb byla analizo-
wana za pomocg testu Gap in Noise (GIN).

Wyniki: Przeprowadzono analize opisowa z parametrycznymi ocenami statystycznymi w celu poréwnania wynikow GIN uzyskanych w trzech
grupach uczestnikéw. Jednoczynnikowa ANOVA pokazala, ze wyniki GIN nie byly statystycznie rézne (p> 0,05) migdzy grupami.

Whioski: Wynik wskazuje, ze zdolnosci rozdzielczoéci czasowej u 0s6b o réznym stopniu ANL sg poréwnywalne. Brak trudnosci w rozdziel-
czoéci czasowej u 0s6b o réznym stopniu ANL niekoniecznie jest sprzeczny z wczeéniejszymi doniesieniami, poniewaz moga wystepowac
inne centralne procesy stuchowe, ktére moga by¢ zaburzone u takich oséb. Potrzebne s3 dalsze badania, aby wyjasni¢ trudnosci zwigzane
z tym procesem u 0s6b z réznymi ANL.

Stowa kluczowe: rozdzielczo$¢ czasowa « akceptowalne poziomy halasu « normalna wrazliwo$¢ stuchowa

Background

The Acceptable Noise Level (ANL) is a procedure to meas-
ure an individual’s ability to tolerate background noise
while listening to speech[1]. This quick and simple pro-
cedure has made ANL a clinically viable tool. Various re-
searchers have attempted to distinguish the ANL in normal
hearing individuals from that in individuals with hear-
ing impairment or related disorders. One such study([2]
sought to understand the distribution of ANLs in indi-
viduals with hearing impairment. Based on their find-
ings, they categorized participants into low; ‘mid; and
‘high’ ANL groups. The low ANL group had ANLs of
less than 7 dB, mid ANL had ANLs of 7-13 dB, and high
ANL had levels greater than 13 dB. They also reported
that individuals with low ANLs were generally successful
hearing-aid wearers, whereas individuals with high ANLs
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were largely unsuccessful in wearing hearing aids. People
with mid ANLs may or may not be successful with hear-
ing aids. A similar tendency towards low, mid, or high
ANL has been reported in individuals with normal hear-
ing sensitivity[3].

Additional research has been done to explore this differ-
ence in ANL among individuals with hearing impairment
and normal hearing sensitivity. Efforts have been made[3]
to measure physiological responses such as click-evoked
otoacoustic emissions (CEOAEs), auditory brainstem re-
sponses (ABRs), and middle latency responses (MLRs)
in females with normal hearing with low (n = 6) versus
high (n = 7) ANLs. The results indicated no differences
between individuals with low and high ANLs for CEOAEs
or waves I or III of the ABR. Differences between the two
groups emerged for wave V of the ABR and Na-Pa of the
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MLR. These results support the hypothesis that acceptance
of background noise is mediated from central regions of
the auditory system.

Further investigations have included cortical evoked po-
tentials. In addition to ABRs and MLRs, auditory long
latency responses (LLRs) have been obtained from two
groups of females: one with low ANLs and one with high.
ANLs were measured at three speech presentation lev-
els (35 dB HL, MCL (most comfortable level), and 70
dB HL) for the two listener groups. Results revealed no
differences between the two groups for the early waves
of the ABR, but significant differences existed between
the two groups for waves III and V of the ABR and for
the MLR and LLR peaks. This further supports central
involvement in determining an individual’s ANL. It is
also reported that this variability in ANL is not related
to age, gender [5], hearing sensitivity, speech perception
in noise, type of background noise [6], middle ear char-
acteristics [7], or efferent activity of the medial olivoc-
ochlear pathway [6,2].

Precise temporal processing abilities are required to per-
ceive and process the temporal aspects of a signal in order
for it to be perceived in quiet as well as noisy situations.
Auditory temporal processing is defined as the ability to
perceive the temporal envelope or the variation in duration
of a sound within a defined time interval [8]. Temporal
processing may be conceptualized as four sub processes:
temporal resolution, temporal patterning, temporal inte-
gration, and temporal masking [9]. Temporal processing
is an important auditory skill that is necessary for higher
level auditory processing. Although, the temporal process-
ing abilities of individuals with varying ANLs are not un-
derstood, subtle differences in temporal processing abil-
ities may be suspected, since dissimilar sub-cortical and
cortical electrophysiological responses have already been
reported. Moreover, earlier explanations of variation in
ANL were all based on objective evaluations. An account
based on subjective evaluations has not yet been docu-
mented. Hence, the present study assesses the temporal
resolution of individuals with normal hearing sensitivity
who have different degrees of ANL.

Materials and Methods

Participants

A total of 106 native Kannada speakers began the study.
All subjects were aged 18-40 years. After excluding 6 par-
ticipants who exhibited some middle ear dysfunction and
hearing loss, 100 participants with normal hearing sen-
sitivity and middle ear functioning (58 males and 42 fe-
males) were enrolled for further testing.

Procedure

A detailed case history was taken prior to testing to rule
out any otological complaints. All participants underwent
pure tone audiometry and immittance evaluation prior
to the ANL and temporal resolution assessment. A cal-
ibrated two-channel Inventis Piano diagnostic audiome-
ter connected to TDH-39 headphones and Radio Ear 71
bone vibrator was used to measure air conduction and

bone conduction thresholds. The same audiometer was
used to find the uncomfortable level of all the participants.
A calibrated Inventis Clarinet immitance meter was used
for tympanometry and reflexometry.

The 100 participants who passed the screening then un-
derwent ANL testing. The standard procedure suggest-
ed by earlier experiments was followed [1]. The speech
stimulus used for ANL measurement was a standard-
ised Kannada story. The story was spoken in a normal
effort by a native Kannada female speaker which was
recorded onto a computer; the background noise was
speech-shaped noise. Both speech stimulus and noise
were presented through a custom application in Matlab.
Calibrated headphones were used to present the speech
stimulus and noise binaurally to each participant. To es-
tablish ANL, the most comfortable level (MCL) of the
participant was determined, followed by the background
noise level (BNL).

In order to identify MCL, the subjects were asked to lis-
ten to a story through headphones. The loudness of the
running speech was at 0 dB HL at the beginning and
was increased in steps of 10 dB until the listener indicat-
ed that it was “too loud” and then the loudness was de-
creased in 10 dB until the listener indicated that it was
“too soft”. At this point, the level of the story was adjust-
ed up and down in 5 dB increments until the listener in-
dicated the most comfortable loudness, which was con-
sidered as MCL.

Once the participant’s MCL was established, the speech
was continued at that level while the background noise
was added to establish the background noise level (BNL).
The loudness level of the noise was set at 0 dB HL at the
beginning and then increased in 5 dB steps until the lis-
tener indicated that the noise was “too loud” to accept
while following the story; the loudness of the noise was
then decreased in 5 dB steps until the listener indicated
that the noise was “too soft” to accept while following the
story. At this point, the level of the noise was adjusted up
and down in 1 dB increments until the listener indicated
it was the highest level that could be accepted while fol-
lowing the story without becoming tense or tired. This
level was considered as the participant's BNL. The ANL
was calculated by subtracting the BNL from the MCL
(ANL = MCL-BNL). The MCL and BNL procedures were
repeated three times, and the average of the three ANLs
was considered.

Out of the 100 individuals who underwent ANL testing,
54 subjects had a low ANL score (<7 dB), 28 subjects
had mid ANL score (7-13 dB), and 15 subjects had high
ANL score (>13). 15 individuals were randomly selected
from each of these groups for further evaluations in or-
der to maintain uniformity. All these 45 participants fur-
ther underwent temporal resolution testing using the Gap
in Noise (GIN) test. GIN measures the ability of the au-
ditory system to perceive a small temporal gap in an on-
going auditory signal.

A broadband noise signal of 500 ms in duration was used
as the stimulus. Noise was used for the GIN test, as its mag-
nitude spectrum does not change when a gap is inserted.
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Table 1. Mean and standard deviation of ANL obtained
in 3 groups

Standard

ANL groups n Mean (dB) deviation
(dB)
Low (< 7 dB) 54 3.66 2.19
Mid (7-13 dB) 28 9.60 1.88
High (> 13 dB) 15 16.86 3.87

Table 2. Mean and standard deviation of GIN scores ob-
tained in Low, Mid, and High ANL groups

Standard
Groups n A(AneI:)n deviation
(ms)
Low (< 7 dB) 15 2.65 0.64
Mid (7-13 dB) 15 2.69 0.57
High (> 13 dB) 15 2.66 0.50
400 LOW ANL
|5 MID ANL
3.50 I HIGH ANL
g
£ 3.00
=
(=)
2.50
250 l
1.50
GROUPS

Figure 1. Median GIN scores of all three groups

The noise had 0.5 ms cosine ramps at the beginning and
end of the gap to avoid abrupt changes in the noise spec-
trum which might aid the listeners in gap detection. The
minimum duration of the gap was 0.1 ms and the maxi-
mum was 64 ms. The GIN test was administered by adapt-
ing the procedure suggested in the literature [10], with the
gap positioned at the temporal center of the noise. The in-
itial duration of the gap was 42.24 ms. A practice trial was
done before testing began to make sure that the subject
understood the instructions and mode of response. The
entire testing was carried out using the maximum likeli-
hood procedure (MLP) which was programmed in Matlab
[11]. In MLP, the psychometric functions of a large num-
ber of candidates are estimated and the probability of the
participant’s response to each stimulus (compared to that

22

of the psychometric function) is calculated. Each test trial
lasted for around 5 to 6 minutes which, along with prac-
tice trial and instructions, added up to approximately 10
minutes. The stimulus was presented using a Lenovo lap-
top (Intel i7 processor) equipped with Sennheieser HD
202 headphones. The intensity of the stimulus was main-
tained at the participant’s most comfortable level of loud-
ness. Stimuli during the entire testing were presented bin-
aurally to all participants.

A total of 30 trials were presented to each participant.
A three-alternative forced choice procedure (3-AFC)
was used for stimulus presentation. In each 3-AFC tri-
al, three stimuli were presented, with a temporal gap in
one of the stimuli (a variable stimulus) and no gap in
the remaining two (the standard stimulus). The partici-
pants were asked to identify and tell the position of the
variable stimulus. The duration of the temporal gap in-
creased or decreased adaptively on the basis of the re-
sponse for the previous trial. The responses were record-
ed in the MLP toolbox. The minimum gap in the variable
stimulus which the participant was able to identify was
considered the gap-in-noise threshold. A 3 up - 1 down
procedure was used to confirm the reliability of the re-
sponse. The threshold for each individual was tabulated
for further statistical analysis.

Results

Descriptive statistics were carried out initially to find the
mean and standard deviation (SD) of the ANL in each
group. This information is given in Table 1.

The mean and standard deviation of GIN scores obtained
by the participants in each group were also obtained and
are given in Table 2. Box-plots depicting the median GIN
scores of all three groups are given in Figure 1.

From Figure 1 it is clear that the mean GIN scores were
similar in all three groups. However, to check for the sta-
tistical significance of this result further analysis was car-
ried out. A Shapiro Wilk test showed that the data followed
anormal distribution, and a parametric statistical analysis
was then carried out. A one-way ANOVA showed there
was no significant difference in mean GIN scores between
the groups (F = 0.02, p > 0.05).

Discussion

The temporal resolution ability of individuals with vary-
ing degrees of ANL was assessed using the GIN test. GIN
scores were obtained for all participants in the 3 groups
with varying ANLs and the mean scores were compared
across the groups. The results revealed that there was no
significant difference in GIN scores between the groups.
This suggests an absence of temporal resolution difficulties
which is an aspect of central auditory processing in indi-
viduals with high ANL. It is also interesting that the GIN
scores obtained in all three groups were better than the
general trend reported in the literature. Earlier research-
ers have already demonstrated the effect of stimulus lev-
el on GIN thresholds: as the level of presentation increas-
es, GIN thresholds also improve until around 50 dB SL
[12]. The current study employed GIN testing at the most
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comfortable level of the subjects. This methodological de-
viation might have resulted in a better GIN threshold ob-
served in all three groups in the present study.

This finding may seemingly contradict earlier research
since a central auditory processing anomaly is reported
in individuals with high ANL. To understand the audito-
ry related issues in individuals with high ANL, former at-
tempts have included the study of click-evoked otoacous-
tic emissions (CEOAEs), auditory brainstem responses
(ABRs), and middle latency responses (MLRs) in females
with normal hearing who had low versus high ANLs [3].
The study found that OAEs and the earlier peaks of the
ABR were similar between the groups.

However, later peaks of ABR and MLR responses were de-
viant in individuals with high ANL. Hence, as the respons-
es from the central auditory segments were deviant in in-
dividuals with high ANLs, they suggest a probable central
auditory processing disparity in individuals with varying
degrees of ANLs. In addition to ABR and MLR assess-
ment in females with low and high ANL, further research
[4] has investigated cortical electrophysiological respons-
es (which includes LLR): this work also points to central
auditory deficits, as the later peaks of ABR and MLR and
LLR peaks were deviant in the high ANL group but not
in the low ANL group.

The current study has used subjective tests to assess the
temporal resolution ability of individuals with varying de-
grees of ANLs, recognising that the GIN test is reported
to be a clinically useful tool in the assessment of tempo-
ral resolution [8] and that temporal resolution ability is
one of the various central auditory abilities.

Testing for temporal resolution ability has been used
to assess auditory processing in various hearing-related
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disorders such as tinnitus [13-16] and in participants who
have been exposed to occupational noise [17,18]. The tin-
nitus findings suggest that temporal resolution is affected
in individuals with the complaint. However, such a defi-
cit is not seen in normal hearing individuals who are ex-
posed to occupational noise. Thus, tests for temporal res-
olution prove to be a widely available and affordable way
for examining one aspect of auditory processing in hu-
mans. However, an absence of difficulty in one aspect
does not warrant the precision of other processes. Thus,
the absence of temporal resolution difficulties in individu-
als with varying degrees of ANL does not necessarily con-
tradict the earlier reports, as there may be other central
auditory processes that may be affected in such individ-
uals. However, these alternative processes were not con-
sidered in the present study.

Conclusion

The present study was conducted to investigate the tem-
poral resolution abilities of individuals with varying ANL.
The results of the study suggest that these abilities are sim-
ilar in all groups with different ANL, whether low or high.
Although there are earlier reports of central involvement
in individuals with higher ANL, it is not reflected in the
temporal resolution abilities of the individuals we studied.
Nevertheless, there are other central auditory processes
which were not examined in the present study. A battery
of central auditory processing evaluations may thus help
in understanding the process-specific deficits that such
individuals may exhibit.
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