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ABSTRACT

Objective: In the presence of background noise, understanding speech is challenging for any listener, especially for those with serious hearing loss.
This study aimed to determine speech intelligibility of normal-hearing adults in quiet and noisy free fields.

Methods: This study included 77 volunteers with normal hearing aged between 18 and 30 years (mean: 22.25+2.7 years). Speech intelligibility scores
were determined using the non-adaptive method at different signal-to-noise ratios (SNRs) and changing the noise direction (front and rear).

Results: The mean + standard deviation of the adaptive matrix speech reception threshold in quiet for 50% intelligibility was 22.69+3 dB sound
pressure level. Speech intelligibility scores obtained at -10, -5, and 0 dB SNRs were significantly different when the noise was presented from the front
to rear direction (p<0.05). Better speech intelligibility scores were obtained when noise was presented from the rear.

Conclusion: The standard audiometric test battery does not measure speech intelligibility in noisy environments. Therefore, speech intelligibility in
the noise test developed and normalized in the native language of the patient should be used in the evaluation. Because our study was conducted
in free field, the results could be used in the evaluation of patients using cochlear implants and hearing aids in free field.
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INTRODUCTION

Better speech perception is essential to improve communication.
Understanding speech in the presence of background noise
is challenging for any listener, especially for those with serious
hearing loss. In our daily life, our environments are often noisy.
The most common complaint by normal individuals and patients
with hearing loss is the difficulty in understanding speech in noisy
environments.

Most speech audiometry tests evaluate the performance of the
listener in a quiet environment. However, the signal-to-noise
ratio (SNR) and speech perception performance in background

noise are of paramount importance because individuals have
to understand speech in the presence of other signals found in
their natural environments. Hence, speech-in-noise tests were
developed. Speech-in-noise tests are also useful for adjusting
classroom acoustics, setting hearing aids, hearing screening, and
in the field of telecommunications (1).

Monosyllabic/polysyllabic words or phrases may be used as the
test material in speech tests. Although the use of words offers
the advantage of testing speech in an isolated way, the use of
materials, such as long sentences, offers the advantage of testing
more than one word at a time. Therefore, the use of sentences
as the material is more efficient in a speech discrimination
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performance assessment (2). The use of sentences also means
that the test better reflects communication in daily life. The matrix
test was first prepared in Swedish by Hagerman (3). In 1999,
Wagener et al. (4) detailed the test by attempting to create a
natural prosody and adapted it to German.

Despite the limited word material [a sentence composed of
5-word types (e.g., verb, noun, subject, etc.) with 10 different
words for each type], 100,000 combinations are possible. Phonetic
distribution has been carried out in accordance with the language
of the test. In practice, because the material provides an unlimited
number of sentences, the matrix sentence test suitable for use
in research and rehabilitation requires repeated testing (5). The
matrix test in Turkish used in this study was created in 2015 ().

This study aimed to determine the speech discrimination scores
(SDSs) of young adults with normal hearing in quiet and noisy
free fields. Because testing cochlear implant (Cl) and hearing aid
users with headphones is impractical, normative data are required
for the noisy free field. Additionally, the placement and direction
of the microphone in the hearing aid and Cls has an effect on
understanding speech in noise. Therefore, the difference in
subjects’ speech intelligibility performance in relation to the
direction of the noise was obtained.

METHODS

This study was constructed and conducted in compliance with
the Helsinki Declaration of ethical standards and approved by
the institutional ethics committee. Ethics committee approval
was received from the Istanbul university-Cerrahpasa, Cerrahpasa
Faculty of Medicine Clinical Research Ethics Committee for
approval of the study (approval number: 83045809-604.01.02). Al
participants were informed in detail about the procedures of this
study and signed an informed consent form.

This study included 77 native Turkish speakers aged between 18
and 30 years (55 women, 22 men). Their mean age was 22.25+2.7
years. All volunteers underwent otoscopic examination and
tympanometric measurements. Subsequently, pure tone and
speech audiometry test batteries were conducted. All participants
had hearing thresholds better than 15 dB between 250 and 8000
Hz. They had <10 dB air-bone gap between 250 and 4000 Hz. All
study participants had type A tympanograms. The participants’
speech reception thresholds (SRTs) and SDSs were determined
before the Turkish matrix test measurements.

The speech intelligibility scores were measured using the Turkish
matrix test in quiet and noisy environments. As recommended
by Wagener et al. (4), two practice sessions (one in a quiet
environment and one in a noisy environment) took place before
the measurements (7).

Measurement Setup

The subjects were situated in a double-walled sound chamber
containing two speakers, one in front and one behind the subject
at an azimuth of 180°. An audiometer (AURICAL Aud; Otometrics,
Denmark) with the “Oldenburg Measurement Applications
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(HorTech, Germany)” software was used. Figure 1 illustrates the
measurement setup.

The Turkish adaptive and non-adaptive matrix test was used to
measure the subjects’ speech intelligibility in quiet and noisy
environments. The test lists composed of 20 sentences were used
as test material. The noise stimulus was a bubble noise set to
continuous mode at 65 dB SPL. The measurements listed in Table
1 were conducted for all subjects. If necessary, the subjects were
allowed to take a break.

Statistical Analysis

Statistical analysis was performed using SPSS 20.0 for Windows
(IBM Corporation, New York, USA). The normality of the
variables was assessed using the Shapiro-Wilk test provided by
the SPSS software. The significance of the difference between
measurements was analyzed using the Mann-Whitney U
test. The correlation analysis was conducted by applying the
Spearman rho test. The results were considered significant if
p<0.05.

RESULTS

For each subject, the pure tone thresholds were measured in free
field for 500, 1000, 2000, and 4000 Hz, and the pure tone averages
(PTAs) were calculated. The mean + standard deviation (SD) of
the PTA was 3.73+2.8 dB HL. The SDSs of all subjects measured in
quiet free field were >88%.

Table 2 shows the mean + SD of the matrix test measurements,
and Figure 2 shows the mean speech intelligibility of the subjects
for different SNRs and noise presentation conditions. As shown in
Figure 2, the performance differences between the two conditions
increased as the SNR decreased.

Table 3 shows the difference between the performances when
the noise is from different directions. The intelligibility scores
obtained at -10, -5, and 0 dB SNR when noise was from the rear
were significantly different from the scores when noise was from
the front (p<0.05).

The adaptive matrix SRT in noise values were also obtained for
different SNRs when noise and signal were both from the front,
and this difference was also statistically significant (p<0.05). The
performances remained unchanged as the SNR increased; hence,
statistically significant differences were not found for +5 and +10
dB SNR. This effect can be seen in Table 4.

DISCUSSION

The standard audiometric test battery does not measure speech
intelligibility in noise (8). The SRT is a test based on the signal-to-
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Figure 1. Measurement setup
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speech ratio where the patient understands 50% of the sentences.
Although they are currently used to diagnose hearing loss, speech
tests with single-syllable word lists do not reflect everyday listening
conditions. Although the speech reception performance of a patient
using hearing aid or Clis good in a quiet environment, it is disturbed
in noisy listening conditions. Therefore, speech intelligibility in

noise tests has been developed in different languages.

Although the developed tests are useful due to the correct SRT
estimation, the use of a limited number of words, phrases, or
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Figure 2. Mean speech intelligibility scores of subjects for
different signal-to-noise ratios
SNR: Signal-to-noise-ratios

No Measurement Direction of noise

1 Adaptive matrix SRT in quiet (50%) -

2 Adaptive matrix SRT in noise (50%) Noise in front

3 Adaptive matrix SRT in noise (50%) Noise in rear

4 Non-adaptive intelligibility score in i
quiet (65 dB SPL)
Non-adaptive intelligibility score in o

5 noise (.10 dB SNR) Noise in front
Non-adaptive intelligibility score in o

6 noise (5 dB SNR) Noise in front
Non-adaptive intelligibility score in .

7 noise (0 dB SNR) Noise in front
Non-adaptive intelligibility score in .

8 noise (5 dB SNR) Noise in front
Non-adaptive intelligibility score in .

9 noise (10 dB SNR) Noise in front
Non-adaptive intelligibility score in o

10 noise (-10 dB SNR) Noise in rear
Non-adaptive intelligibility score in .

11 noise (-5 dB SNR) Noise in rear
Non-adaptive intelligibility score in .

12 noise (0 dB SNR) Noise in rear
Non-adaptive intelligibility score in .

13 noise (5 dB SNR) Noise in rear
Non-adaptive intelligibility score in o

14 noise (10 dB SNR) Noise in rear

dB: Decibel, SNR: signal to noise ratio, SPL: Sound pressure level, SRT:
speech reception threshold
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sentences is not suitable for repeated testing. For example, the
quick speech in noise (QuickSIN) test is composed of 1800 key

words used in 360 different sentences (9).

. Measured

Speech  Noise
Measurements o o values (mean

position position sD)
Adaptive matrix SRT in o ) 22.69+3.0 dB
quiet (50%) SPL
Adaptive matrix SRT in -7.92+0.8 dB
noise (50%) Front — Front  q\p
Adaptive matrix SRT in Front Rear -15.12+2.8 dB
noise (50%) SNR
Non-adaptive intelligibility Front i 99 1621 6%

score in quiet

Non-adaptive intelligibility
score in quiet (-10 dB SNR)

Non-adaptive intelligibility
score in quiet (-5 dB SNR)

Non-adaptive intelligibility
score in quiet (0 dB SNR)

Non-adaptive intelligibility
score in quiet (5 dB SNR)

Non-adaptive intelligibility
score in quiet (10 dB SNR)

Non-adaptive intelligibility
score in quiet (-10 dB SNR)

Non-adaptive intelligibility
score in quiet (-5 dB SNR)

Non-adaptive intelligibility
score in quiet (0 dB SNR)

Non-adaptive intelligibility
score in quiet (5 dB SNR)

Non-adaptive intelligibility
score in quiet (10 dB SNR)

dB: Decibel, SD: standard deviation, SNR: signal to noise ratio, SPL: sound
pressure level, SRT: speech reception threshold

Front Front 31.10£11.9%

Front Front 91.84+6.3%

Front Front 98.87+1.5%

Front Front 99.38+1.4%

Front Front 99.53+1.3%

Front Rear 95.01+4.6%

Front Rear 98.95+1.5%

Front Rear 99.27+1.6%

Front Rear 99.65+1%

Front Rear 99.81+0.5%

u P
Adaptive matrix SRT in noise (50%) 154.5 <0.0010
(I\Sl’(zlné:aiao%tiB\;e intelligibility score in noise 00 <0.0010
(l\sloNnéfl_dsagg;/e intelligibility score in noise 3815 <0.0001
(NS’o\lné:agz%t)ive intelligibility score in noise 22855  0.006
(I\SloNnR—:afgpgév)e intelligibility score in noise 26925 0470
Non-adaptive intelligibility score in noise 27930 0.326

(SNR: +10 dB)
dB: Decibel, SNR: signal to noise ratio, SRT: speech reception threshold
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Performance difference at different SNR

values (noise in front) - P

—10 dB SNR vs =5 dB SNR 0.000 <0.001
-5 dB SNR vs 0 dB SNR 468.0 <0.001
0 dB SNR vs +5 dB SNR 2550.5 0.101
+5 dB SNR vs +10dB SNR 2887.0 0.711

dB: Decibel; SNR: signal to noise ratio

The matrix test was developed to remove this limitation and
normalized to normal hearing by adapting to different languages.
The literature shows that the normalizations were made on different
numbers of participants. For example, in a study consisting 20
participants with normal hearing, the mean SRT of the German
matrix test was -7.1+0.2 dB (4). In the Finnish matrix test, the SRT
was -9.7£0.7 dB (5). In this study, the number of participants was
77, and the mean SRT was -7.92+0.8 dB.

Because patients using hearing aids and Cls are tested in free
field in this study, normalization values for these situations were
obtained. Therefore, the tests were made in free field, and speech
and noise stimuli were given from loudspeakers. The results can
be discussed under the following headings.

The influence of direction to understand speech in noise: As
sound travels through the external ear canal, diffractions and
resonance are produced due to the head and the structure of the
pinna and concha. These diffractions and resonance cause linear
distortions in the transfer characteristics of the external ear canal.
This change in the transfer characteristics of the external ear
canal provides important cues for speech understanding in noise.
Nilsson et al. (10) measured the speech discrimination thresholds
of 150 young adults in the presence of noise using HINT test
and placing loudspeakers in different positions. In the study,
the speech stimulus was presented at 0°, and the noise stimulus
at 0°, 90°, and 270° azimuth. The study showed that the spatial
separation between the speech and noise lowered the speech
discrimination thresholds by an average of 7.42 dB.

With the aim of measuring the directional effects on intelligibility,
individuals in this study were assessed by giving noise stimuli
from the front and rear directions at different SNRs. Different
SDSs were obtained at the same SNR when the speech stimulus
was at 0°, and the noise stimulus was presented at 0° and 180°
azimuth. For example, Table 3 shows that at the SNR of -10
dB, the subjects’ ability to discern speech differed significantly
(noise, 0° and 180° azimuth, 31.10+£11.9 and 95.01+4.6). Similar
results were obtained at -5 dB SNR (p<0.05). However, as given
in Table 3, for SNR of 0, +5, and +10 dB, the participants’ ability
to understand speech was at a maximum level, independent
from the noise and location of the signal. Therefore, a statistical
difference in intelligibility scores was not found when the noise
direction was changed for those SNRs. While comparing the
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performance between the cases when the noise was from the
front and rear directions, it was thought that the significant
improvement in the SRT values was due to the shadow effects
of the head, pinna, and concha. When noise comes from
behind, the person’s ability to understand speech improves,
and they are able to distinguish speech in lower SNRs. These
data are similar to other studies in the literature (11). Based on
this result, it is thought that when the SNR is low (such as in
classroom), positioning the speech source in front of the listener
and the noise in the back will increase speech comprehension
performance.

The effect of level of noise on understanding speech: As shown
in Figure 2, when the speech and noise stimuli are from the front,
the mean speech intelligibility score values decrease much more
as the SNR value decreases. Table 4 shows these performance
differences. As shown in the table, while the performance
differences between 10 and 5 dB SNRs and between 5 and 0 dB
SNRs are statistically insignificant, the performance differences
between 0 and -5 dB SNRs and between -5 and -10 dB SNRs are
statistically significant (p<0.05). This result shows that at low SNRs,
the mean intelligibility scores are worse, even in normal-hearing
individuals. This causes difficulty in understanding speech.

This performance reduction is observed even at higher SNRs in
individuals using Cl or hearing aid. According to Polat et al. (12),
the mean intelligibility performance difference between + 5 and
0 dB SNRs was approximately 14% when both stimuli were given
from the front in Cl users. According to the results in this study,
the performance difference at the same SNRs is <1%. When the
results of both studies are compared, individuals using Cls have
been shown to be more affected by noisy environments.

Study Limitations

Our study has some limitations. First, because sex is not supposed
to be a factor in hearing performance at this age group, the
number of men and women were not kept equal in the study
group. Second, the data were obtained from a limited group;
thus, the results may not reflect the general population. Besides,
the volunteers who agreed to participate in the survey consisted
of university students or hospital personnel. Therefore, the results
may be influenced by the education level of the study group.

CONCLUSION

This study aimed to determine the speech intelligibility
performance of young adults with normal hearing in quiet and
noisy free fields for different SNRs. Studies in the literature have
shown that the scores of non-native participants are much lower,
even if they have the same hearing thresholds as native speakers
(13). For this reason, every patients’ test of understanding speech
in noise should be conducted in their native language. The
normalization data were obtained by increasing the number of
people and by choosing only native Turkish speakers.

This normalization data are more valuable for free-field tests
because the tests in this study were performed in free field.
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These data can be used as a guide to assess speech recognition
performance of Cl and hearing aid users.
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