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Objective: This study aimed to analyze the effectiveness of the Turkish matrix sentence test 
in evaluating the speech recognition performance of hearing aid users under different noise 
conditions.
Methods: Speech recognition performance of 42 individuals, 20 to 65 years of age (mean 49.1±14 
years) with bilateral sensorineural hearing loss was measured in noise with the Turkish matrix 
sentence test without a background noise and with headphones. Additionally, the participants’ 
speech recognition thresholds were measured with a matrix test while wearing their hearing aid 
under three different listening conditions in which the phases of speech and noise stimuli were 
changed with constant and fluctuating noise.
Results: Speech-recognition thresholds were better in fluctuating noise than in constant noise in 
all listening conditions, and this difference was statistically significant (p=0.02). In both types of 
noise, speech-recognition thresholds of bilateral hearing aid users (n=29) were lower (better) than 
those of unilateral hearing aid users (n=13) under three different listening conditions, but there 
was no statistically significant difference (p=0.67). Speech-recognition thresholds without hearing 
aids were statistically higher (worse) than those obtained with hearing aids (p=0.001).
Conclusion: Since the Turkish matrix sentence test gives useful results, this test can be used in 
the diagnosis, follow-up, and rehabilitation planning of hearing aid users. We observed that speech 
intelligibility was better, although there were differences among those with hearing loss when the 
speech test was conducted in fluctuating background noise with the Turkish matrix sentence test.
Keywords: Hearing loss, hearing aid, auditory rehabilitation, Turkish matrix sentence test, 
fluctuating noise, constant noise, speech audiometry
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Introduction
One of the most significant problems faced by individuals 
with hearing disorders is the impairment of speech 
perception in noise (1). The degree of speech perception 
may vary depending on the sound in the background, 
particularly on its temporal and spectral characteristics (2, 
3). Hearing problems, including catching clues from speech 
context, can persist even with hearing amplification devices, 
particularly in challenging listening conditions, such as noisy 
and reverberant environments (4, 5). Tests involving speech 
recognition skills in different types of background noise should 
be applied when assessing the benefits obtained by patients 
from hearing aids equipped with complex signal processing 
algorithms (6, 7). The literature describes various methods 
for speech perception testing in different languages and 
presentation formats (including intermittent or continuous 
complex noise) (8-10). Assessment results vary according to 
the language or the procedures used in these tests. This led 
to the development of diagnostic tests such as the matrix 
sentence test and the hearing in noise test (HINT), which 
use different adaptive methods (noisy/noiseless conditions) 
and are suitable for many languages because they use the 
same syntactical structure (11-13). These sentence tests 
provide identical sentence-formation criteria for languages 
with low linguistic complexity. The vocabulary material used 
in these tests were selected to include phonetically balanced 
common words. The tests can be administered in a closed- or 
open-ended response format and in the native language of 
each patient (13, 14).

Various word lists can be created using different types of 
background noise (which either fluctuates according to the 
sentences used or maintains the same frequency distribution) 
to determine speech recognition scores through a matrix 
sentence test (7, 15). Constant speech noise and fluctuating 
filtered speech noise methods were developed to achieve 
adequate measurement accuracy in noise (15). Fluctuating 
filtered speech noise, which is used to evaluate hearing aid 
specifications, has been redesigned to evaluate the speech 
perception performance of individuals who have a hearing 
disorder and normal hearing sensitivity (6, 8).

The goal of the presented study was to analyze the 
effectiveness of the Turkish matrix sentence test (TMST) 
in different types of background noise when evaluating the 
speech recognition performance of hearing aid users.

Materials and Methods
This study was approved by Ankara Yıldırım Beyazıt 
University Ethics Committee (approval no: 55-14) and 
conducted according to the Helsinki Declaration. Informed 
consent forms were signed by all participants.

Participants

A total of 42 native Turkish speakers with bilateral 
sensorineural hearing loss and who had been using hearing 
aids for at least six months were included in this study. All 
participants were in the age range of 20–65 years (mean 
49.1±14 years). They were divided into two groups: one with 
29 individuals (12 females and 17 males) using bilateral 
hearing aids and the other with 13 individuals (five females 
and eight males) using unilateral hearing aids (Table 1). The 
air conduction hearing thresholds of the participants were 
tested with Sennheiser TDH 49 P supra-aural headphones 
using Otometrics Madsen Astera audiometry (Aurical Aud, 
Otometrics; Taastrup, Denmark) connected to a computer. 
Speech recognition scores were tested using a Turkish 
monosyllabic balanced word list, and individuals who 
scored higher than 70% were included in the study (16). 
All audiological tests were conducted in soundproof rooms 
according to international standards (17). To obtain speech 
recognition scores with hearing aids during the TMST, 
Oldenburger software program equipped with free-field 
speakers, which were calibrated to standards specified by 
the manufacturer and connected to the Otometrics Madsen 
Astera audiometry device (Hörtech, Oldenburg, Germany), 
was used for speech recognition scores with hearing aids.

Stimuli and Procedure

The TMST developed by Zokoll et al. (14) was used to 
evaluate the speech skills of participants when wearing a 
hearing aid in different types of background noise. Each 
sentence used in the TMST was created using words that are 
frequently employed in daily life. The test material included 
20 randomly selected sentences from a list of 100 sentences 
and was presented in an electronic environment using the 
open-ended presentation model. The score was calculated 
as the percentage of words repeated by the participants. The 
software changed each subsequent sentence automatically, 
applying either the adaptive or the non-adaptive method as 
the number of correctly repeated words in the last sentence 
increased. The non-adaptive intelligibility scores of the 

Table 1. Hearing levels of participants
Age Right PTA (dB HL) Left PTA (dB HL)

Unilateral HA 53.4±15.2 39.4±9 35.2±11
Bilateral HA 47.3±13.2 52.4±8.1 52.2±7.9
HA: Hearing aid user, PTA: Pure tone average of 4 frequencies (500, 1000, 2000, and 4000 Hz)
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TMST participants were determined as the percentage 
of the correct responses and compared with the speech 
recognition scores with headphones. The adaptive procedure 
was preferred in our study because it determines the signal-
to-noise ratio automatically, and the test was started with a 0 
dB signal-to-noise ratio at a constant 65 dB sound pressure 
level (SPL) with hearing aids. The difficulty level of the 
subsequent sentence was based on a correct understanding 
of 50% of the words in the current sentence (18).

In the present study, two different types of artificial noise 
(constant and fluctuating) were used. The first type of noise 
has the same frequency distribution as sentences with constant 
noise (Matrix noise) (8). The other noise is fluctuating, which 
has similar spectral and temporal characteristics with a speech 
and used in International Collegium for Rehabilitative  
Audiology (ICRA) (6, 19). To create the ICRA noise, four 
different speakers read the text followed by filtering with 
three bands (800 Hz low pass, 800–2400 Hz bandpass, and 
2400 Hz high pass). The resulting signal was filtered with a 
100 Hz high-pass filter to create the final ICRA 5 noise (19).

After adaptive TMST was performed in a quiet environment 
using Sennheiser HDA200 headphones, TMST was 
performed with hearing aids using a free field speaker at 
different azimuths (S0N0, S0N90 and S0N270). In the first 
listening situation, speakers were placed in front and on 
the right side of the individuals, and speech and noise 
were simultaneously given through the speaker in front 
of the patient at the angle S0N0 (azimuth 0). In the S0N90 
listening situation, the speech stimulus was presented from 
the patient’s face, while the noise stimulus was presented 
from the right side of the patient. In the S0N270 listening 
state, after the patient was moved to face the speaker on the 
right, the speech stimulus was presented from the face of the 
patient and the noise stimulus was presented from the left 
side of the patient.

Statistical Analysis

Data analysis was conducted with IBM SPSS version 23.0 
(Statistical Package for Social Sciences) (Armonk, NY: IBM 
Corp). The Mann-Whitney U test was used to compare 
two nonparametric variables. The nonparametric Wilcoxon 
test was used for comparing two dependent groups. The 
significance level was set as p=0.05.

Results
The mean right and left ear pure-tone air conduction of the 
participants was 50.43±8.6 dB HL and 50.15±8.4 dB HL, 
respectively (Table 1). The difference between the two ears 
of the participants was not statistically significant (p=0.12). 
The mean TMST non-adaptive speech intelligibility test 
score of individuals with hearing loss was 88.02±6.12% with 
headphones in quiet (65 dB SPL fixed speech level).

In fluctuating noise, the speech recognition thresholds of 
bilateral hearing aid users were lower (better) than those of 
unilateral hearing aid users under S0N0 and S0N270 listening 
conditions, but there was no statistically significant difference 
between the two groups (p=0.67). In constant noise, the 
speech recognition thresholds were found to be better only 
under S0N90 listening conditions for bilateral hearing aid 
users but not unilateral hearing aid users (p=0.023) (Figure 
1). Bilateral hearing aid users showed a significant difference 
between their adaptive TMST scores obtained with and 
without hearing aids in constant noise under S0N90 (p=0.001) 
and S0N270 (p=0.001) listening conditions. In fluctuating 
noise, a statistical difference was observed between the 
results obtained under S0N0 (p=0.007) and S0N270 (p=0.001) 
conditions.

The speech recognition thresholds of all participants were 
determined with and without hearing aids, and the scores 
obtained under fluctuating noise conditions were significantly 
lower than those obtained under constant noise conditions 
(p=0.02) (Table 2).

Table 2. Turkish matrix sentences test findings of individuals with/without hearing aid

TMST value without HA TMST value with HA
p-value

Listening 
conditions

Noise type Min Max Mean ± SD Min Max Mean ± SD

S0N0 

Constant
-5.80 10.70 -0.32±3.72 -5.90 5.10 -1.84±3.05 0.012*

S0N90 -9.20 6.60 -0.70±4.37 -10.90 4.00 -4.04±3.54 0.001*

S0N270 -13.30 6.20 -2.57±4.97 -15.00 6.00 -6.81±4.08 0.001*

S0N0 
Fluctuating

-10.00 10.90 -1.80±4.98 -11.10 8.20 -4.21±4.54 0.017*
S0N90 -10.30 6.20 -2.63±3.79 -12.10 8.40 -2.80±5.69 0.67

S0N270 -9.70 6.50 -4.06±4.85 -15.50 6.40 -7.26±5.26 0.001*
TMST: Turkish matrix sentences test, HA: Hearing aid, S0N0: speech and noise from front (00 azimuth), S0N90: speech from front and noise from right (900 azimuth), S0N270: speech 
from front and noise from left (2700 azimuth), Min: Minimum, Max: Maximum, SD: Standard deviation
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Discussion
Speech tests are the primary tests used to diagnose hearing 
disorders and to evaluate hearing amplification process 
(20). Conventional speech recognition tests used in speech 
audiometry have limitations, dependent on the open response 
format, the practitioner, and the language. To resolve these 
limitations researchers developed matrix sentence tests that 
can be applied to many natural languages (13, 14). Matrix 
tests can be performed using different types of noise (21).

In the presented study, speech performances of hearing 
aid users were evaluated with two different types of noise 
(constant and fluctuating) by using the Turkish matrix 
sentence test (TMST). TMST scores of individuals with 
hearing aid were higher than the scores obtained without 
hearing aid in the free field in different azimuths (S0N0, 
S0N90, and S0N270) and different noises (p<0.05). This finding 
suggested that bilateral amplification is advantageous over 

unilateral amplification. Many studies in the literature 
indicate the benefits of bilateral amplification (22, 23).

Ahlstrom et al.(24) used HINT in their study and reported 
that the use of hearing aids improved the audibility of speech 
and led to an increase in speech perception. Having used the 
matrix sentence test in their study, Gallo and Castiglione 
(25) reported that speech recognition skills were better in 
individuals who had a hearing aid in one ear and a cochlear 
implant in the other compared to those who used cochlear 
implant alone, and that the use of contralateral hearing aids 
(especially in bilateral amplification) positively affected the 
level of speech intelligibility.

The type of speech material and the features of the noise 
are essential factors affecting speech intelligibility, regardless 
of the signal-to-noise ratio (SNR) (26). In the presented 
study, we obtained lower scores in fluctuating noise than in 
constant noise, and this finding is comparable to the results 
reported by Kollmeier et al. (13). Noise differences may have 
different effects on speech intelligibility. Although there 
were individual differences, it is indicated that the speech 
intelligibility of listeners with normal hearing is increased 
when fluctuating noise (such as ICRA noise) is used instead 
of constant noise (2, 8). There were individual differences 
in our study, as well, and we thought that these differences 
might be due to the educational levels and lack of attention 
of the individuals. These factors are the limitations of our 
study.

In other studies, it has been stated that the speech-recognition 
threshold in fluctuating noise was 10 dB lower than noise 
with headphones in matrix test (8, 27). The advantage of 
the fluctuating noise depends on the duration of low-level 
intervals found in the noise (28, 29). We found the highest 
TMST score with the hearing aid in our design (free field) 
for fluctuating noise (Figure 2). In our study, it was found 
that the most effective noise used in the TMST test was 
constant noise, and this finding was consistent with the 
work of Wagener et al. (30). The highest (worst) thresholds 
were measured when speech and noise sources were in the 
same phase (S0N0), and the lowest (best) thresholds were 
observed when speech and noise were in different phases 
(S0N90 or S0N270). In our study, the most significant change 
(better level) in speech reception threshold (SRT) value for 
those with hearing aids was observed in S0N90 and S0N270 
conditions regardless of the noise type (Figure 2 and Figure 
3), and this finding is consistent with the study of Freyman 
et al. (31). When speech and noise sources are presented 
to the listeners separately, delayed reflections from each 
source may affect the interaural time and level differences 
associated with that source (31). SRT difference between 
S0N0 and S0N90 conditions shows the level of intelligibility 
(32, 33). If speech intelligibility in noise is spatially measured 

Figure 1. Turkish matrix sentence test results of bilateral and 
unilateral hearing aid users in different types of noise
SRT: Speech reception threshold, SNR: Signal-to-noise ratio

Figure 2. Turkish matrix sentence test results with/without hearing 
aid/s in fluctuating noise
TMST: Turkish matrix sentences test, SRT: Speech reception threshold, 
SNR: Signal-to-noise ratio
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with the binaural method, due to the azimuth difference, 
changes of more than 10 dB can be detected in people with 
normal hearing (34). In our study, different levels of speech 
recognition in two different noise types (between S0N0 and 
S0N90 and between S0N0 and S0N270) and lower level of SRT 
in the TMST with hearing aids suggested that using hearing 
aids positively contributes to spatial speech perception skills.

As a result, since fluctuating noise does not completely mask 
speech and speech-like sounds, it can be a useful type of 
noise that can be used in the evaluation and follow-up of the 
auditory rehabilitation process compared to constant noise.

Conclusion
TMST is a useful test for evaluating the speech recognition 
level of hearing aid users. That better matrix sentence test 
levels were found in bilateral hearing aid users under different 
noise and listening conditions compared to unilateral hearing 
aid users showed that the latter group could improve speech 
intelligibility in noise by using interaural difference cues with 
bilateral amplification. Because fluctuating noise resembles 
environmental sounds in daily life, it could provide useful 
information in assessing speech perception skills of hearing-
impaired individuals. Using speech recognition levels in 
determining spatial perception provides convenience in the 
clinical examination of various types of hearing aid users. 
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Main Points
•	 The Turkish matrix sentence test is a useful tool for assessing 

the speech recognition  of individuals with hearing loss.
•	 The Turkish matrix test can be used to monitor the auditory 

rehabilitation process in individuals with hearing loss.
•	 Turkish matrix sentence test gives more reliable and more 

precise results in evaluating hearing aid performance under 
constant noise compared to other noise types.

•	 It is important to pay attention to the localization difference 
in device adaptation when evaluating the speech recognition 
skills of individuals with hearing loss with the Turkish matrix 
sentence test.
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