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ABSTRACT
Objective: The purpose of this study was to determine the effect of unilateral and bilateral hearing aid use on temporal resolution and speech 
recognition in noisy environments.
Methods: The Gaps in Noise test and the Turkish Matrix Sentence Test were used to evaluate 60 participants with sensorineural hearing loss 
who were classified as bilateral hearing aid users, unilateral hearing aid users, and those not using a hearing aid. The tests were conducted with 
and without the use of hearing aids.
Results: Although the values were within normal limits, different results were obtained from the Gaps in Noise test indices. Bilateral or unilateral 
use of hearing aids had no effect on the approximate Gaps in Noise test threshold; however, the percentage of correct responses was lower in 
the unilateral hearing aid group than in the bilateral hearing aid group. In the unilateral group, both the approximate threshold and the percent-
age of correct responses obtained from the right ear without hearing aids were low. Additionally, Turkish Matrix Sentence Test score was better 
in the users of bilateral hearing aids.
Conclusion: While wearing bilateral hearing aids improves speech recognition in noisy environments, the effect on the Gaps in Noise test is 
unclear. The mild-to-moderate sensorineural hearing loss did not affect the temporal resolution. The use of a unilateral hearing aid had an 
effect on the percentage of correct responses in the Gaps in Noise test but had no effect on the approximate threshold. Even when a monaural 
hearing aid is used in the right ear of a person with bilateral hearing loss, the asymmetrical stimulation has an effect on the temporal resolution 
obtained in the right ear.
Keywords: Speech intelligibility, hearing aid, temporal resolution, Gap in Noise test, Matrix Sentence test

Introduction

Temporal processing is the ability of the auditory system to 
encode the dynamic durational features of a sound within a 
time interval.1 Temporal processing is crucial for understanding 
speech in quiet and background noise.2 A temporal process is a 
term that is frequently used to refer to a variety of processes. 
Temporal processing is classified into 4 groups. These are tem-
poral masking, temporal integration (or summation), temporal 
ordering (or sequencing), and temporal resolution (or discrimi-
nation).1 Temporal resolution is defined as the shortest amount 
of time required for an individual to recognize the time inter-
val between auditory stimuli or distinguish between 2 audible 
stimuli. The auditory system’s ability to identify rapid changes 
in the auditory environment is critical for speech perception 
since it aids in the detection of small phonetic components 

and phonemes in speech.3,4 Numerous research have been 
conducted to establish relationship between temporal resolu-
tion and speech comprehension.5,6

The gap detection procedures are commonly used to deter-
mine the temporal resolution of a system. The traditional gap 
detection procedure is time-consuming. It has been suggested 
that the performance of gap detection may be connected to 
cognitive demand or attention.7,8 The Gaps in Noise (GIN) test 
is better when compared to other temporal resolution tests 
due to its ease of use, quick administration time, and mon-
aural presentation.9 Musiek et al devised the GIN test, which 
assesses the adult population’s temporal resolution. Unlike 
gap detection procedures, the GIN test employs a noise stim-
ulus with a gap. The duration of gaps embedded in the noise 
varies in the range of 2-20 ms.10
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It is well established that hearing-impaired individuals, even 
when wearing hearing aids, require a greater signal-to-noise 
ratio to comprehend speech in noisy environments.11 Also, 
studies have indicated that bilateral hearing aid users do bet-
ter in quiet and noisy listening conditions than unilateral hear-
ing aid users.12,13 Additionally, it has been reported that the 
performance of temporal resolution improves with the use 
of hearing aids.14 Numerous studies have been conducted to 
determine the relationship between gap detection perfor-
mance and other factors such as age, maturation, hearing loss, 
and cochlear implant use.15-17 However, few studies have been 
published on the relationship between GIN tests and hearing 
aid use.

The purpose of this study was to determine the effect of uni-
lateral and bilateral hearing aid use on temporal resolution and 
speech recognition in noise.

Methods

The Ethics Committee of Marmara University of the medi-
cal faculty approved this study on December 8, 2017, under 
protocol code 09.2017.709. The subjects were chosen from 
patients treated at our clinic between 2014 and 2018 who had 
bilateral symmetrical mild or moderate sensorineural hearing 
loss. They ranged in age from 18 to 65 years. The pure tone 
average for the current study was computed by averaging the 
air-conduction thresholds measured at 0.5-4 kHz for both 
ears. Individuals enrolled in the study had to meet the follow-
ing criteria: no neurological or mental handicap that would pre-
clude them from completing the specified tasks, no audiologic 
indication of middle-ear pathology, and no otological condi-
tion. Additionally, because the tests were conducted with and 
without hearing aids, subjects with a hearing threshold of less 
than 70 dBHL in the frequency range 500-4000 Hz were cho-
sen. The participants’ cognitive states and verbal short-term 
memory were tested to ensure they did not have an adverse 
effect on the study data. The mini-mental test and digit span 
test were used to assess the participants’ cognitive states and 
verbal short-term memory, respectively. Participants were 
excluded from the study if they scored less than 24 on the 
standardized mini-mental test and had a forward counting 
score of less than 6 and a backward counting score of less than 
4. All individuals participating in the study signed an informed 
consent statement confirming their participation in the study.

The study divided participants into 3 groups: those who 
used bilateral digital behind-the-ear hearing aids (group B), 

those who wore unilateral digital behind-the-ear hearing aids 
(group U), and those who wore no hearing aids at all (group SN). 
Sixty participants were assessed, with each group consisting 
of 20  participants. The study included experienced hearing 
aid users who had been using hearing aids for at least a year 
(on average 8.5 hours per day) to ensure that the acclimatiza-
tion period for the hearing aid had no effect on the results. The 
participants in group SN were selected among those who had 
never used a hearing aid.

All tests were carried out in double-walled, sound-treated 
booths. The study was divided into 2 stages. The first stage 
involved adjusting the hearing aids of participants who wore 
hearing aids using real-ear measurements and activating hear-
ing aid features that enable improved speech recognition in 
noise. Following that, aided and unaided hearing thresholds 
were determined for all participants. The hearing thresholds 
were determined using an Otometrics Madsen Astera 2 audi-
ometer (Otometrics A/S., Taastrup, Denmark) in conjunction 
with TDH-39 headphones and loudspeakers.

The GIN test was used to determine temporal resolution in the 
second stage of the study, while the Turkish Matrix Sentence 
Test (TURMatrix) was used to determine speech recognition 
in noise (TURMatrix). Following an explanation of the GIN 
test and TURMatrix to the participants, the practice test was 
administered. Participants who failed the practice test were 
excluded from the study. These tests were administered indi-
vidually to each participant in the study using headphones 
(TDH-39) to collect findings for both ears. Additionally, 
these tests were conducted in free field (FF) with and with-
out hearing aids. The tests were conducted using an audiom-
eter (Otometrics Madsen Astera. Natus Medical. Denmark). 
During FF measurements, the JBL Control One (JBL, Harman 
International USA) speaker was placed 1 m (0° azimuth) away 
from the participant.

The GIN test CD (Auditec Inc., St. Louis, Mo, USA) was used 
by transferring it into a calibrated audiometer. Stimulus inten-
sity was set to 35-50 dB SL above the subjects’ pure tone 
average (both ears individually and FF). The participants were 
instructed to press the button whenever they detected an 
interruption (gap) in the noise and to count the gaps for raising 
their degree of attention. The approximate threshold (A. th.) 
was calculated as the shortest gap length correctly identified 
in at least 4 of the 6 presentations. The percentage of correct 
responses was calculated based on the total number of gaps 
presented in the test. These results were obtained both in the 
FF and individually for both ears, both unaided and aided.

Turkish Matrix Sentence Test was presented using the 
Oldenburg Measurement Application software by an audiom-
eter (Otometrics Madsen Astera, Natus Medical, Denmark). 
The stimulus intensity was adjusted to 65 dB SL over the 
participants’ speech recognition threshold. Turkish Matrix 
Sentence Test was performed on test lists consisting of 
20 sentences with the identical syntactic structure. Turkish 
Matrix Sentence Test was utilized in conjunction with an 
adaptive procedure that altered the loudness of the sen-
tences in accordance with the participants’ responses (both 
ears individually and FF). The participants were instructed 
to repeat any words they recognized in the background 

Main Points

•	 Bilateral hearing aid users’ speech recognition performance 
in noise was better than unilateral hearing aid users.

•	 The temporal resolution was not influenced by mild-to-
moderate sensorineural hearing loss.

•	 Unilateral or bilateral hearing aid use does not affect the 
approximate threshold of the Gaps in Noise test, but 
adversely affects the percentage of correct responses.

•	 The use of a hearing aid in 1 ear of the individual with bilat-
eral hearing loss adversely affected the temporal resolution 
of the right ear.
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noise, and the repeated words were marked in software. The 
threshold of speech intelligibility in noise was determined 
based on whether the participant correctly repeated 50% of 
the sentences.

Five patients who failed the practice GIN test were excluded 
from the study. Instead of individuals excluded from the study, 
new individuals were added. Sixty participants were evaluated, 
with 20 participants for each group.

Shapiro-Wilk test was employed to determine the normality of 
the data during statistical analysis. The Mann–Whitney U-Test 
and the Kruskal–Wallis test were employed to compare groups. 
The degree of significance was determined in statistical analy-
sis by looking for P < .05. Any values that are statistically sig-
nificant have been highlighted in bold.

Results

The average age of participants is listed in Table 1, along with 
their gender, period of use of hearing aids, duration of hear-
ing loss, and dominant hand. In the unilateral group, 11 par-
ticipants wore hearing aids in their right ear and 9 participants 
wore them in their left ear.

Table 2 summarizes the descriptive statistical data for hear-
ing thresholds with and without hearing aid for the groups, 
according to measurement condition (right ear, left ear, FF).

The A. th. of GIN test acquired from all measurement condi-
tions (right ear, left ear, FF) without hearing aid were compared 
between the groups. The A. th. obtained from the right ear 
revealed a statistically significant difference (P value, .045). 
Multiple comparisons were not possible due to the P value 
being so close to the significance level. According to the sta-
tistical evaluation, the results obtained from the right ear of 
the group U were slightly higher than the other groups. Values 
are shown in Table 3.

When the correct response percentages obtained in the right 
ear, left ear, and FF conditions without hearing aids were 

Table 1.  Demographic Data of Participant
Group SN Group U Group B

Mean age (years ± SD) 45.92 ± 12.01 51.45 ± 12.59 45.83 ± 19.73

The duration of hearing loss (years ± SD) 15.1 ± 11.20 10.45 ± 11.34 8.6 ± 6.41

Gender Female n (%) 11 (55%) 10 (50%) 5 (25%)

Male n (%) 9 (45%) 10 (50%) 15 (75%)

The dominant hand Right 19 (95%) 16 (80%) 20 (100%)

Left 1 (5%) 4 (20%) -

The duration of using hearing aids (years ± SD) - 4.15 ± 4.28 6 ± 4.24

Table 2.  Descriptive Statistics for All Hearing Thresholds
Groups Conditions 0.5 kHz (dB) Mean ± SD 1 kHz (dB) Mean ± SD 2 kHz (dB) Mean ± SD 4 kHz (dB) Mean ± SD 

Group SN Right 35.50 ± 12.01 38.75 ±10.37 45.00 ± 12.24 49.50 ± 17.53

Left 34.50 ± 14.03 41.00 ± 13.33 45.5 ± 13.26 52.25 ± 19.89

FF 31.00 ± 12.31 40.25 ± 13.12 45.75 ± 13.30 53.50 ± 20.58

Group U Right 44.50 ± 16.85 48.50 ± 16.86 54.00 ± 10.33 57.75 ± 10.57

Left 38.75 ± 13.56 45.75 ± 12.69 53.5 ± 8.44 62.25 ± 8.65

FF 34.50 ± 10.99 39.00 ± 12.09 48.50 ± 12.98 56.00 ± 9.81

HA 23.50 ± 5.40 24.00 ± 5.75 25.00 ± 4.86 31.25 ± 4.83

Group B Right 38.00 ± 16.81 39.00 ± 17.06 50.00 ± 12.35 57.00 ± 8.94

Left 33.75 ± 13.46 39.50 ± 16.35 44.75 ± 20.42 59.00 ± 7.36

FF 30.75 ± 15.24 35.75 ± 16.72 43.75 ± 18.41 56.25 ± 11.68

HA 17.75 ± 9.24 18.60 ± 8.22 23.75 ± 10.24 33.75 ± 9.15
FF, free field; HA, hearing aids.

Table 3.  Comparison of Approximate Thresholds of GIN 
Test (ms)

n = 60

A. th.

Group SN 
Mean ± SD
Min; Max 

Group U
Mean ± SD
Min; Max 

Group B
Mean ± SD
Min; Max P

Right 2.00 ± 0.00
2.00; 2.00

2.35 ± 0.93
2.00; 5.00

2.00 ± 0.00
2.00; 2.00

.045

Left 2.05 ± 0.22
2.00; 3.00

2.15 ± 0.67
2.00; 5.00

2.00 ± 0.00
2.00; 2.00

.601

Free field 2.00 ± 0.00
2.00; 2.00

2.00 ± 0.00
2.00; 2.00

2.00 ± 0.00
2.00; 2.00

>.05

A. th:, the approximate threshold; GIN, 
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examined, a statistical difference between the groups was 
observed (P values of .001, .002, and <.001, respectively). 
Multiple comparisons were performed to measure the rela-
tionship between the percentages of correct responses for 
different groups. It was determined that the results obtained 
from all 3 conditions in the group U were lower than the group 
B. Additionally, it was discovered that the results for the right 
ear and FF were lower in group U than in group SN. Table 4 
summarizes the findings.

The results of the TURMatrix without hearing aids were com-
pared between groups, and no statistically significant differ-
ence in any measurement circumstance was observed. When 
comparing data from the right ear, left ear, and FF, the P values 
were .173, .324, and .360, respectively.

The GIN test and TURMatrix findings with hearing aids were 
compared in groups with hearing aids (group U, group B). There 
was no statistically significant difference in A. th. of GIN test 
between the groups (P value; .152). However, it was discovered 
that the TURMatrix and the percent correct response values 
were statistically different between groups (P value; .035, .005, 
respectively). Both tests yielded poorer scores in group U than 
in group B. Table 5 summarizes the findings.

Discussion

The aim of the study was to examine the effect of bilateral and 
unilateral hearing aid use on speech recognition in noise. The 
TURMatrix findings were analyzed in all conditions without 
the use of hearing aids, and no statistically significant differ-
ence between the groups was discovered. This result indicated 
that each group had similar difficulties understanding speech 
in noisy environments when the hearing aid was not used. 
However, group B’s TURMatrix scores with hearing aids were 
statistically lower. The lower the TURMatrix score, the better 
the speech understanding performance in noisy environments. 
According to our study, bilateral hearing aid users perceive 
speech in noise more accurately than unilateral hearing aid 
users. This finding is consistent with the wealth of scientific 
evidences demonstrating that bilateral hearing aids increase 
speech recognition performance in noisy environment.12,13,18,19 
According to this finding, it would be appropriate to offer 
bilateral hearing aids to patients with bilateral hearing loss to 
improve their success at understanding speech in noise.

The study’s objectives included determining the effect of 
bilateral and unilateral hearing aid use on temporal resolu-
tion. There has been no determination of the influence on the 
approximate threshold for bilateral and unilateral hearing aid 
use. However, the study discovered a noteworthy relationship 
between the percentage of correct responses of GIN test and 
bilateral or unilateral hearing aid use. The percentage of correct 
responses with hearing aid was statistically lower in group  U 
than in group B. Although the sensitivity for the percentage 
of correct responses is approximately 20% weaker than the 
approximate threshold, it has been stated that both results 
of the GIN test should be examined in different populations.10 
This difference in both results of the GIN test could be due to 
the sensitivity. Studies have shown that digital noise reduction 
technology reduces the negative effects of noise on speech 
memory, helps the hearing aid wearer in noisy conditions, and 
prevents cognitive load during auditory processing.20,21 Also, 
it was stated that the directional microphone feature of the 
hearing aid provided the user with listening comfort due to 
the presence of noise.22 The GIN test is composed of various 

Table 4.  Relation of Percentage of Correct Responses Between Groups
n = 60

Percentage of Correct 
Responses

Group SN (1)
Mean ± SD
Min; Max

Q2 (Q1-Q3)

Group U (2)
Mean ± SD
Min; Max

Q2 (Q1-Q3)

Group B (3)
Mean ± SD
Min; Max

Q2 (Q1-Q3) P†
Multiple 

Comparison‡

Right 98.75 ± 2.98
88; 100

100 (100-100)

94.05 ± 8.60
76; 100

98 (89.75-100)

99.90 ± 0.44
98; 100

100 (100-100)

 .001 2-1 P = .028
2-3 P = .001

Left 97.00 ± 4.44
88; 00

100 (93-100)

95.80 ± 5.97
75; 100

98 (93-100)

99.8 ± 0.89
96; 100

100 (100-100)

.002 2-3 P = .002

Free field 99.55 ± 1.60
93; 100

100 (100-100)

95.75 ± 4.81
86; 100

98 (91-100)

100 ± 0.00
100; 100

<.001 2-1 P = .003
2-3 P < .001

†Kruskal-Wallis; ‡Dunn’s multiple comparison.
Q1, 25 percentile; Q2, median (50 percentile); Q3, 75 percentile; GIN, Gaps in Noise test.

Table 5.  Comparison of Percentage of Correct Responses 
and TURMatrix Results with Hearing Aids Between Groups

Group U (n = 20)
Mean ± SD
Min; Max

Q2 (Q1-Q3)

Grup B (n = 20)
Mean ± SD
Min; Max

Q2 (Q1-Q3) P

Percentage 
of correct 
responses

96.05 ± 6.20
78; 100

98 (95-100)

99.90 ± 0.44
98; 100

100 (100-100)

.005

TURMatrix −1.30 ± 2.27
−5.00; 4.00

−1.85((−2.67)-
(0.32))

−2.68 ± 2.33
−5.50; 4.20

−2.85((−4.50)-
(−1.55))

.035

Q1, 25 percentile; Q2, median (50 percentile); Q3, 75 percentile; TURMatrix, 
Turkish matrix sentence test.



Gümüş and Derinsu. GIN and TURMatrix in Hearing Aid B-ENT 2023; 19(1): 18-23

22

6-second broadband noise segments. The use of the bilateral 
hearing aid may have resulted in a higher percentage of cor-
rect response of GIN test by utilizing hearing aid technologies 
more effectively. The present study found that while unilateral 
or bilateral usage of a hearing aid had no effect on the A. th. 
of the GIN test, it had an effect on the percentage of correct 
responses of the GIN test.

The results of studies examining the relationship between 
hearing loss and temporal resolution vary considerably in the 
literature. Studies showing that individuals with sensorineural 
hearing loss have temporal resolution skills within normal lim-
its,23,24 and impaired temporal resolution ability in individuals 
with normal hearing,25,26 seem to indicate that hearing sensi-
tivity alone could not be the determining factor for temporal 
resolution. The GIN test is a test that uses the gap detection 
procedure. The studies investigating the relationship between 
temporal resolution and hearing loss using gap detection tests 
indicated that temporal resolution was not affected by hearing 
loss.23,25,27

Nelson stated that the temporal resolution skill of individu-
als with hearing loss was affected by the intensity of the 
noise stimulus, and this skill was weakened at low intensity 
levels.28 The GIN test was applied at an audible level under 
comfortable listening condition in our study. Both results of 
the GIN test obtained from all three conditions without hear-
ing aids were within normal limits. These values of the GIN 
test were better than the reference values stated by Musiek 
et al.10 The participants were evaluated with neurological tests 
before the GIN test and were selected from individuals with 
high cognitive and attentional performance. The studies indi-
cated that gap detection performance is related to cognitive 
demand or attentional.29,30 This difference could be due to this. 
Participants had mild to moderate sensorineural hearing loss in 
our study (n = 60). According to the results of the study, tem-
poral resolution was not affected by this degree of hearing loss.

Although the values of the GIN test were within normal lim-
its in our study, it was determined that GIN test findings were 
different between the groups. The A. th. values obtained from 
the right ear were statistically different between the groups. 
Group U had a slightly higher mean A. th. than the other groups. 
Similarly, group U obtained a lower percentage of correct 
responses in the right ear than the other groups. On the other 
hand, the values from GIN test were similar for group B and 
group SN. The speech center is placed in the left hemisphere in 
95% of right-handed persons, while it is positioned in the right 
hemisphere in 5%. Most individuals who have a dominant left 
hemisphere are right-handed.31 Additionally, thanks to the left 
hemisphere advantage, the right ear is likely to perform better 
on auditory tasks with a temporal component.32,33 In group U, 
80% of the participants were right-handed, and more than 
half wore hearing aids in their right ear. The GIN test scores in 
group U were low in comparison to the other groups, indicat-
ing that temporal resolution changes with asymmetric stimu-
lation. This effect was more significant in the case of the GIN 
test’s percentage of correct responses. Even when the hearing 
aid is worn in the right ear, monaural stimulation in the bilateral 
hearing loss may have altered the temporal resolution of the 
auditory pathway, which transmits auditory information from 

the right ear. According to this finding, wearing hearing aids in 
one ear of an individual with bilateral hearing loss had a nega-
tive impact on GIN test values.

Conclusion

Bilateral hearing device users’ ability of speech recognition in 
noise was better. However, the effect of unilateral and bilat-
eral hearing aid use on temporal resolution was variable. The 
temporal resolution was not influenced by mild-to-moderate 
sensorineural hearing loss. Although the GIN test values were 
within normal limits, it was affected by the use of unilateral 
hearing aid. While unilateral hearing aid use had a negative 
effect on the percentage of correct responses on the GIN 
test, this effect was not found for the approximate threshold. 
Both GIN test scores obtained without hearing aids from the 
right ear were lower in individuals who used unilateral devices. 
These findings demonstrate that in individuals with bilateral 
hearing loss, monaural stimulation using a hearing aid has an 
effect on temporal resolution. Additionally, it is recommended 
that studies evaluate both results of the Gaps in Noise test 
separately.
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