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Abstract

Objectives: In individuals with prolonged background noise exposure and those with peripheral auditory problems,
central auditory disorders and cognitive impairments are observed. This study aims to evaluate individuals with
and without noise exposure via the Matrix test to reveal concrete indicators of noise effects that are not reflected
in pure-tone audiometry results.

Material and Methods: The study included 40 participants between the ages of 22 and 45 with and without a
history of noise-exposure divided into control and study groups (n = 20 per group). All participants were
administered pure-tone audiometry with high-frequency, speech audiometry, tympanometry, and Matrix tests. The
Matrix test performed adaptive measurements in the open-set response format; the participant verbally repeated
all the words from a presented sentence.

Results: In the tests performed on the study and control groups, no significant difference was found between the
two groups except for the Matrix test.

Conclusions and Significance: Although the audiological results of the individuals exposed to noise were
considered normal, their speech discrimination ability in noise deteriorated. Even individuals with normal hearing
thresholds in pure-tone audiometry could have trouble with speech discrimination in noisy everyday environments.
While evaluating these individuals, testing speech discrimination in noise is critical to show problems in daily life.
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Introduction

Speech perception is a process that plays a significant role in maintaining
communication and combines linguistic and acoustic cues. Speech perception varies depending
on many factors; peripheral and central auditory processing involves the acoustic characteristics
of the listening environment; the type, level, and amount of reverberation of background noise;
the predictability of the speech material; and the speaker’s speaking speed accent, and clarity;
among other factors (Lucks Mendel & Widner, 2016; Vijayasarathy et al., 2021). Speech
perception amid noise is as challenging for individuals with normal hearing as it is for those
with hearing problems (Moossavi et al., 2021). When speech is presented against background
noise, individuals with normal hearing often benefit from temporary signal-to-noise ratio (SNR)
improvements. When the signals fluctuate, sometimes the level of speech is higher than the
noise, thus allowing the listener to hear the message. The listener’s understanding of language
in terms of vocabulary, ability to identify consonants, words, or sentences, understanding of the
context, and hearing sensitivity all take an active role in their speech perception (Vijayasarathy
et al., 2021).

In individuals with prolonged background noise exposure and those with peripheral
auditory problems, central auditory disorders and cognitive impairments are observed.
Background noise, whether composed of speech or nonspeech sounds, damages speech signals
and affects important bottom-up processing cues necessary for accurate speech perception.
Additionally, background noise reduces working memory capacity, making it more difficult to
understand speech (Rudner et al., 2012). With industrial noise levels increasing (Bellomo et al.,
2021), many individuals have begun to experience increased noise exposure. Many individuals
have begun to experience increased noise exposure. With this exposure, auditory problems that
may or may not be reflected in the audiogram appear in people. Noise exposure makes it
difficult to understand others’ speech in noisy settings, creating attention deficits and
concentration problems. In a review article, Plack et al. (2014) argued that although there is no
direct evidence of noise-induced deficits in humans, there is some evidence that individuals
exposed to noise with normal or near-normal hearing thresholds report deficits in complex
discrimination tasks (Plack et al., 2014).

Pure tone audiometry is the gold standard in audiology for evaluating hearing. This test,
which is highly important in determining hearing sensitivity at specific frequencies, must be
revised, especially when identifying speech perception in noise. Routine tests continuously

evaluate patients’ hearing sensitivity and speech perception in quiet environments. However,
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these tests do not provide information on speech perception in noise (Lucks Mendel & Widner,
2016). The speech perception in noise ability can be measured in various ways. Speech
perception in noise tests is used to assess speech reception threshold and SNR loss in noise
(Bellomo et al., 2021).

The hearing health of occupational populations exposed to noise is subject to superficial
assessment. If hearing problems occur in humans without noise-induced hearing loss, it is
important to consider how noise-exposed workers develop a condition prior to permanent
threshold shifts. Indeed, it has been documented that noise-exposed workers with normal
hearing have difficulty understanding speech under difficult listening conditions despite having
normal hearing thresholds (Soalheiro et al., 2012). Identifying the source of the problem in
noise-exposed workers may be key for prevention programs in this population (Pinsonnault-
Skvarenina et al., 2022). Also, different studies on animals and humans have determined the
auditory impairments caused by noise exposure, which creates the need to evaluate different
tests, especially on speech intelligibility in noise (Moshammer et al., 2015; Sliwinska-
Kowalska, 2020).

This study aims to reveal noise effects not reflected in pure tone audiometry results by
evaluating the speech perception in quiet and noise of normal-hearing factory workers with

noise exposure and normal-hearing individuals without noise.

Materials and Method

The ethics committee approved it with the permission of the Hacettepe University Non-
Interventional Clinical Research Ethics Committee, accepted number: GO 18/135-26 and dated
10/04/2018. The research was completed in accordance with the Helsinki Declaration. Informed
consent was obtained from all individual participants included in the study. The sample size
was calculated as 34 participants with a power of 95% and a margin of error of 0.05, taking into
account the results of the study conducted by Kumar et al. (Kumar et al., 2012) with the
G*Power 3.1.9.4 (Universitat Diisseldorf) package for normal-hearing noise-exposed and non-
exposed individuals.

The study included 40 participants between the ages of 22 and 45 with and without a
history of noise exposure, divided into control and study groups (n = 20 per group). The primary
inclusion criteria were having pure-tone thresholds of 125-8000 Hz in the normal range and no

neurological or psychiatric conditions.
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The study group (I Woman, 19 Men) was selected from individuals working in the
machine industry. These participants had noise exposure of >85 dB (A) for >5 hours per day.
A noise level of >85 dB (A) is between “threatening” and “assumed safe noise,” according to
the duration and intensity of exposure (Eggermont, 2017). The exposed noise levels of the
participants were learned through the self-interview. The study group was selected from high
school and university graduates who did not use ear protectors. The inclusion criteria for the
study group was a minimum of 5 hours and a maximum of 10 hours/day of noise exposure at
an equal distance to each ear. The duration of noise exposure was a mean of 10.1£5.09 years.
More specifically, these individuals were regularly exposed to industrial or ambient workplace
noise. The control group (5 Women, 15 Men) was determined by a self-interview that
determined their exposure to noise among students or academicians. Reaching university
graduates in the control group without noise exposure was easier.

Audiometry

Pure-tone audiometry with a high frequency (0.25-16 kHz), traditional speech
audiometry, tympanometry, and Matrix tests were administered to all 40 participants in a sound-
proof room. Air-conduction hearing thresholds were determined using the supra-aural
earphones (125-8000 HZ). Bone-conduction hearing thresholds were assessed with a bone
vibrator (5004000 Hz). The circumaural headphones determined high-frequency hearing
within 9-16 kHz. In the traditional speech audiometry test, SRT was £10 dB of each ear's pure-
tone average (PTA) speech level. SDS, a phonetically balanced single-syllable 25-word list,
was presented at SRT+40 dB. For each non-repeating word, the score is reduced by 4 points
(normal value range: 88—100%). Middle ear pressure was evaluated with a GSI Tympstar Pro
device at the 226 Hz probe tone.

Turkish Matrix Test

The Matrix test was performed through circumaural headphones using the software
"Oldenburg Measurement Applications." The adaptive test determined 50% speech reception
threshold (SRT) SNR in noise. The first sentence was presented to the individual at 0 dB SNR,
and the software automatically changed the speech stimulus level according to the client's
responses. According to the procedure, if the individual could repeat three out of five words
presented, the speech intensity level decreased; if the number of repeated words was less than
three, the speech stimulus level increased in the next sentence. These conditions determined the
SNR at which 50% of the stimuli could be correctly detected—the non-adaptive test calculated
speech intelligibility (SI) at a fixed signal-to-noise ratio of 0 dB. Based on the number of
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correctly repeated words, speech intelligibility was determined as a percentage score. The test
results were automatically presented on the screen by the software. The matrix test performed
adaptive measurements in an open set response format; the participant orally repeated all the
words in a presented sentence. Each sentence contained five words, one from each word
category (noun, numeral, adjective, object, verb). The test was explained to the participants in
detail before they started the test. All participants were administered all four subtests with or
without noise. The practice test was performed bilaterally in a quiet environment with 20
randomly selected sentences at a constant level of 40 dB. This test was generally used in this
study to establish a baseline for binaural speech discrimination. The second test was performed
binaurally with 20 randomly selected sentences at a fixed noise level of 65 dB SPL. Starting at
0 dB SNR and 65 dB SPL constant noise level, the procedure iterated the estimation of the
presentation level at which 50% of the presented words were understood. The SNR value was
indicated as positive or negative compared to 0 dB. In the third test, both ears were evaluated
monaurally at a constant noise level of 65 dB SPL. SNR was determined by increasing or
decreasing the stimulus level according to the number of correctly recognized words at a
constant noise level of 65 dB SPL. This test was performed with 20 randomly selected sentences
for each ear. SNR was obtained at adaptive speech levels. The fourth and final test was
performed singly with 30 randomly selected sentences. SRT was determined based on
responses at the test baseline stimulus level of 20 dB SPL.
Statistical Analysis

Before data analysis, the related variables were evaluated for compatibility with normal
distribution to determine the statistical method to be used. The Kolmogorov—Smirnov and
Shapiro—Wilk tests were used with SPSS at this stage. A p-value of 0.05 was considered to be
significant. "Unpaired t-test,” "the Paired Sample t-test," and "One Way ANOVA" tests were
used from parametric methods for variables where the data set complied with normal
distribution. "Mann-Whitney U,” "Kruskal Wallis," and "Wilcoxon" tests were used from non-
parametric methods for variables where the data set did not adapt to normal distribution. The

significance level is considered p<0.05 for all analyses.

Results
The average age of the study group was 33.95 + 7.66 years, and the average age of the
control group was 33.4 + 6.58 years. The average ages of the groups were statistically matched

(p = 0.98; p > 0.05).
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In the study and control groups, the air-conduction thresholds (0.125-8 kHz) and bone-
conduction thresholds (0.5—4 kHz) were better than 20 dB. There was no significant difference
in PTA scores between the groups (p = 0.76; p > 0.05). There was no significant difference
between the control and the study group compared to the hearing thresholds of 0.125-16 kHz
(p=0,98; p>0,05) (Figure 1). For the high-frequency audiometry, the maximum output level for
18 kHz was 30 dB; for 20 kHz, it was 5 dB. At 18 kHz, only eight participants in both groups
had hearing thresholds. At 20 kHz, only one participant’s hearing threshold was detected in

both groups. Due to the low number, the average values for 18 and 20 kHz were not calculated.

Figure 1. 0,125-16 kHz Hearing Threshold Averages of the Participants
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All of the participants’ SRT results were compatible with the participants' four
frequency PTAs (0.5, 1, 2, and 4 kHz). The SDS test was performed at the most comfortable
loudness level, and the participants’ scores ranged from 88—100% (within the normal range).
All participants in both groups had type A tympanogram and normal acoustic reflex thresholds.
Binaural speech intelligibility in the quiet condition was 93% in the study group and 99% in
the control group. Although these values were within normal levels, the difference was
statistically significant (p = 0.001; p < 0.01).

Regarding speech intelligibility in binaural adaptive stimulus at a fixed noise level, the
mean SNR value for the study group was -6.73 dB; it was -8.38 dB for the control group. These
scores differed significantly (p = 0.001; p < 0.01). Similarly, the SNR values for the right and
left ear when both stimulus and noise from the ipsilateral ear were present were statistically
significant between the study and control groups (p = 0.001; p <0.01). The SNR was lower in
the control group than in the study group for both the right and left ears. However, within-group

comparisons of the right and left ear had no statistically significant differences (p = 0.106;
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p > 0.05) (Figure 2). SNR results of tests performed adaptively in noise environments are shown
in Table 1.

Table 1. SNR Results of the Tests Performed Adaptively in Noise Settings

Group Ear N Min(dB) Max(dB) X=*SD

Study group Binaural 20 —7.90 —4.10 —6.73 +0.93

Binaural Adaptive Procedure”

Control group  Binaural 20 -11.10 —10.20 —8.38+4.46

Right 20 -6.20 —-1.00 -4.82 +£1.09
Study group™
. Left 20 —6.20 +2.50 —4.38 £1.83
Monaural Adaptive Procedure
.. Right 20 -9.40 —6.10 =7.31 £0.83
Control group
Left 20 -8.80 —6.40 -7.54+£0.75

*p=0.001; p<0.01, **p=0.106; p> 0.05

Figure 2. SNR Results of the Tests Performed Adaptively in Noise Settings
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The SRT scores for monoaural adaptivity in the quiet test condition for both the right
and left ears were lower in the control group than in the study group (Figure 3 and Table 2).
This difference was statistically significant (p = 0.001; p < 0.01). However, there was no

statistically significant difference between the left and right ears in the study or control groups.
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Table 2. Monoaural Adaptive Procedure—SRT Scores (dB) in Quiet

Group Ear N Min.(dB) Max. (dB) X +SD
Right 20 13.50 26.30 19.70 £ 3.39
Study group
Left 20 13.00 26.90 19.79 £ 3.39
Right 20 12.10 22.60 15.66 £ 2.58

Control group

Left 20 12.20 20.80 15.45+2.20

p=0.001; p<0.01

Figure 3. Monoaural Adaptive Procedure—SRT Scores (dB) in Quiet
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There was no correlation between the Matrix test procedures and the duration of noise
exposure and age (p > 0.05) (Table 3). There was only one female participant in the study group
and five female participants in the control group; therefore, analyses of possible gender
differences were not conducted. That said, Kollmeier et al. (2015) reported that gender did not
affect speech intelligibility (Kollmeier et al., 2015).

336



Speech Perception and Noise Exposure H.U. Saglik Bilimleri Fakiiltesi Dergisi
Cilt:12, Sayi: 2, 2025
Doi: 10.21020/husbfd. 1435195

Table 3. Correlations Between Turkish Matrix Results and The Duration of Noise Exposure

and Age
Fixed Adaptive Adaptive Adaptive Adaptive Adaptive
Speech in Speech in Speech in Speech in SRT in SRT in
Quiet (bin) Noise (bin) Noise(right) Noise (left) Quiet Quiet (left)
(right)
Age (p) 0,395 0,574 0,908 0,118 0,703 0,420
Duration
of Noise 0,842 0,605 0,661 0,322 0,079 0,895
Exposure
®

bin: binaural, p > 0.05

Discussion and Conclusion

The study tested the hypothesis that noise exposure affects the speech reception skills
of adults with normal hearing thresholds. To reveal the effects of noise on auditory tests,
especially in factory workers exposed to long-term noise exposure, and to evaluate the effect
of noise exposure on speech intelligibility, standard audiological tests, and the Matrix test were
administered, and the results of the study and control groups were compared.

The Matrix test mimics real-life environments to evaluate participants’ speech
discrimination. Sentences in the Matrix are composed of frequently used words in the correct
grammatical order; this feature objectively reveals any difficulties that individuals with noise
exposure may have with speech intelligibility (Kollmeier et al., 2015). Additionally, the test
can produce a limitless number of sentences in the correct grammatical order, ensuring that the
participant cannot learn the sentences rather than repeating what they hear (Yeend et al., 2017).
There has been a partial difference in education between groups, even if it was not affected by
the educational status and socio-economic level due to these features of the Matrix test results.

This study compared speech perception test results between two groups in quiet and
noisy conditions. There was no significant difference between the groups regarding single-
syllable word recognition scores in quiet settings. However, the two groups' speech
discrimination scores differed significantly when the test material was changed to a sentence in
one of the Matrix procedures. Phonemes, words, and sentences can be used as test material for
speech discrimination tests. There is an increase in linguistic information when moving from
phoneme to word and sentence as stimuli. Specifically, linguistic and contextual cues increase
from phonemes to words and sentences; therefore, when phonemes are used in speech
discrimination tests, linguistic and contextual information are removed, and real-life listening

situations are not produced. Using sentences in speech discrimination tests includes more
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linguistic information and requires cognitive processing. Standard speech audiometry in a quiet
condition mainly uses phonemes or words; however, real-life difficulties that individuals
experience might be overlooked due to the test material and setting (Krueger et al., 2017).

In our study, high-frequency hearing thresholds were matched in the control and study
groups, and although there was no difference between the two groups in hearing thresholds, 9-
16 kHz hearing thresholds were lower than 0.125-8 kHz. This result is consistent with the
findings that noise-induced hearing loss occurs in the basal part of the cochlea (Fernandez et
al., 2015; Liberman et al., 2016). It should also be shown that the effects of noise are revealed
by applying high-frequency audiometry as well as conventional audiometry to factory workers
exposed to noise. In addition, Liberman et al. show that high-frequency hearing thresholds are
not associated with speech perception performance in any listening situation in this study on
young adults divided into two groups, low-risk and high-risk, according to noise exposure
(Liberman et al., 2016).

Similarly, the results from the current study revealed that even though average pure-
tone threshold and normal speech discrimination scores with single-syllable words, in
participants with a history of noise exposure, the speech discrimination scores decreased in the
speech discrimination test featuring sentences. This situation can be attributed to noise exposure,
education level, and age (Carcagno & Plack, 2020; Plack et al., 2014). The education levels and
ages of the participants were selected closely together. However, due to the control group of
students and academicians, their cognitive functions may work more actively. This may be the
main reason for the difference between the groups. Also, due to the Matrix test's structural
characteristics, results are thought to be minimally affected by these differences. One study
stated that factors other than sensory processing may be effective on speech perception in noise.
These factors may include education and cognitive factors such as working memory, attention,
and language capacities (DiNino et al., 2022; Pienkowski, 2017). Future studies should control
for cognitive abilities when interpreting speech perception in noise performance in individuals
with occupational noise exposure (Pinsonnault-Skvarenina et al., 2022).

In the literature, there has been no association between lifetime noise exposure and
speech perception in noise performance in audiometrically normal young adults (Fulbright et
al., 2017; Grose et al., 2017; Shehabi et al., 2022; Smith et al., 2019). However, it has been
argued that exposure negatively affects speech perception in noise when there is more noise
exposure. This poor performance may be due to undiagnosed noise-induced hearing loss

(Shehabi et al., 2023). Consistent with our study's results, the study reported that young and
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middle-aged train drivers with normal hearing exhibited poorer speech recognition scores
(using specialized sentences embedded in multi-talker babble noise) compared to an age-
matched control group (Kumar et al., 2012). Vijayasarathy et al. (2021) reported that similarly,
construction workers with normal hearing had significantly worse speech perception in noise
scores (using bisyllabic words embedded in conversational background noise) than an age-
matched control group exposed to minimal noise (Vijayasarathy et al., 2021).

In our study, there was no significant difference in the results between the right and left
ear in speech comprehension tests that we performed adaptively in noisy and quiet
environments. In the literature, it is reported that many people exhibit better recognition and
discrimination skills for acoustic stimuli coming from the right ear (Roup, 2011; Sendesen et
al., 2023; Tai & Husain, 2018). In Roup's (2011) study, right-handed and normal-hearing
individuals were administered a dichotic word recognition test with monosyllabic words in
noise and quiet. When word stimuli were presented to the right ear in noise and quiet, better
results were obtained than when presented to the left ear (Roup, 2011). Another study reported
that speech perception performance in noise was better in the right ear in individuals with
normal hearing and tinnitus (Tai & Husain, 2018).

Speech perception problems in noise, which occur as a result of long-term occupational
noise exposure, were reflected in the Matrix test results in our study. It has also been conveyed
that noise exposure affects speech perception in quiet and noise, possibly due to difficult
listening tasks. These results suggest that standard audiologic tests are insufficient to assess the
consequences of noise exposure, and additional procedures are needed. Furthermore, it is
emphasized that cognitive characteristics may affect speech perception in noise, but this should
be further investigated in future studies. To objectively demonstrate the effect of noise exposure
on speech perception, it is thought that age, gender, and educational status should be matched

exactly, and the number of participants should be increased.
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