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Abstract
: One of the most important effects of age-related declines inBackground

neural processing speed is the impairment of temporal resolution, which
leads to difficulty hearing in noisy environments. Since the central auditory
system is highly plastic, by designing and implementing a temporal
processing-based auditory training program, we can help the elderly
improve their listening skills and speech understanding in noisy
environments.

In the first phase of this research, based on the theoreticalMethods: 
framework of temporal processing, an auditory training solution was
developed as a software program. In the second phase, which will be
described in the present study, the effects of the designed program on the
listening skills of the elderly users of hearing aids (age: 60-75 years) will be
studied in the control and intervention groups. In the intervention group, the
auditory training program will be implemented for three months (36
sessions), and the results of central tests (GIN, DPT, QuickSIN) and the
electrophysiological speech-ABR test will be compared in both groups
before, immediately and one month after the intervention.

: Since temporal processing is not sufficient in auditory trainingDiscussion
programs for the elderly with hearing impairments, implementation of a
temporal processing-based auditory training program can reduce hearing
problems in noisy environments among elderly users of hearing aids.

This study was registered as a clinical trial in the IranianTrial registration: 
Registry of Clinical Trials ( ) on December 25,IRCT20190921044838N1
2019.
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Introduction
One of the most important issues in today’s world is the phenom-
enon of aging. With advancing age, the prevalence of chronic 
diseases increases. Statistics show that at least one chronic 
disease occurs in 80% of the elderly over 65 years1. Accord-
ing to previous findings, the prevalence of chronic diseases 
increases up to the age of 75 years. One of the most common 
problems facing the elderly is hearing loss. Hearing loss is the 
second most common health problem following arthritis in the 
elderly over 65 years1.

Age-related hearing loss or presbycusis is a progressive disease,  
characterized by audiometric threshold shift and impaired 
speech comprehension, especially in noisy environments2,3. 
Many studies have shown reduced speech comprehension in 
the presence of competitive noise in the elderly, even with  
normal hearing sensitivity4–8. Difficulty in speech comprehen-
sion in noisy environments has been attributed to a variety of 
factors, which are not fully understood4. Nonetheless, evidence  
shows that defects in the peripheral auditory system, retrocochlear 
processing, and central auditory processing may contribute7.

One of the important factors in speech comprehension in noisy 
environments is precise neural timing. With advancing age, 
individuals need more time to respond to sensory input and 
develop neural slowing. One of the most pronounced outcomes 
of neural slowing is damage to temporal resolution, which 
leads to difficulty hearing in noisy environments9. There are many 
potential biological reasons for the elderly’s slower responses, 
such as reduced myelin integrity, prolonged nerve recovery, 
reduced brain connections, and reduced neural synchrony. Per-
ceptual and neurophysiological studies have shown that central 
auditory processing is also impaired by hearing loss and aging. 
Among central auditory processing skills, those related to temporal 
processing are more influenced by age than others10.

Many studies have shown the effects of auditory training on  
cortical plasticity in animals11–13 and humans14,15. Generally,  
neuroplasticity is not specific to the cortex, which receives input 
from the brainstem and thalamus16, and some animal studies  
have indicated plasticity in subcortical structures17–22. However, 
there are limited studies on subcortical plasticity among the  
elderly following auditory training and education23. Music ther-
apy has been used to improve speech perception in the presence  
of noise in the elderly, and it is believed to be effective in  
improving the separation of simultaneous speech sounds by  
enhancing basic frequency and harmonic reception24–27.

We can modify the physiological representation of sounds using 
training exercises, as training-dependent physiological changes 
can lead to improved perception; this phenomenon is sometimes 
referred to as learning-related plasticity28. In animal studies,  

it was found that with training, we can change auditory  
mapping and time decoding. Overall, training-related physiologi-
cal changes can result in several processes, including an increased 
number of neurons responsive to the sensory field, increased neu-
ronal synchrony, and neuronal de-correlative processes, associated 
with inconsistent neuron activity (i.e., each neuron has a specific 
and distinct function). In other words, with training, neurons 
in the same category are arranged in a way that they can repre-
sent all of the distinct and minor features of the stimulus. In this 
process, it is assumed that information shared between two stim-
uli is ignored, but the response to the distinct features of each 
stimulus is increased28.

Today, modulation of the auditory system using training exer-
cises to enhance perception is one of the most important research  
trends. Substantial evidence suggests that humans, with or with-
out hearing loss, can increase their ability to perceive spectral  
and temporal features of acoustic stimuli through auditory  
training exercises. Auditory training exercises, which are mainly 
classified into analytical (bottom-up), combined (top-down),  
and mixed (combination of bottom-up and top-down meth-
ods) types, are designed to improve the individual’s ability to  
understand auditory events through repeated listening exercises29.

Analytical exercises emphasize the acoustic content of the  
signal (i.e., spectral, temporal, and intensity features), and one’s 
task is to identify and differentiate different sounds. On the  
other hand, combined training seeks to improve one’s signal  
understanding by enhancing attention to stimuli, combining  
the stimuli, and using contextual information29. Today, most 
auditory training programs, designed for individuals with  
communication disorders, use analytical models, which are 
also considered in the present study. In this study, we aimed to  
determine the relationship between the temporal characteristics  
of speech processing, as the basis of speech perception in  
noisy environments with competitive sounds, and temporal  
processing-based auditory training.

Methods
Ethical statement
The used tests do not cause any complications for the partici-
pants, and the participants can withdraw from the study at any 
stage. All auditory training examinations and sessions are free 
of charge. Participants with knowledge of objects and details of 
the research will be included after their written informed con-
sent is obtained by one of the researchers of this study. The 
nature of the tests and rehabilitation program is such that there 
are no side effects or harm for participants. The consent form is 
provided as Extended data30. The confidentiality of data will be 
respected during the study as explained in the consent form. If 
the results are positive, the auditory training program will be 
also implemented for the control group. All ethical principles of 
the Medical Ethics Committee of IUMS will be respected in this 
study and two anonymous reviewers will be chosen by the dep-
uty of the IUMS research review board to assess the final report 
of the study. The study does not have an audit and only the final 
report of the research project will be submitted. The Medi-
cal Ethics Committee approved the study protocol (IR.IUMS.
REC.1397.652). Researchers will send any amendments to 
the protocol in the future to the ethics committee.

            Amendments from Version 1

In this new version, the order of the authors was changed.

Any further responses from the reviewers can be found at the 
end of the article

REVISED
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All data will be entered into forms which are prepared for data 
collection (see Table 3; Extended data)30 and the participant 
files will be stored at study site and will be maintained in a secure 
place and manner. Participants’ files will be stored securely after 
completion of the study and the study data will be available 
publicly on a repository.

Study design
This clinical trial protocol is the second part of a larger research 
project. In the first part, the intervention was developed based 
on the theoretical framework of temporal processing, which is 
available as an auditory-based training software program (at 
home PC-based training program)31. In the second part (simple  
randomized clinical trial), the effect of the designed training  
program will be examined. For this purpose, authors will 
evaluate 60–75 years-old elderly with hearing loss, who live 
in Tehran and are referred to the Audiology Clinic of the 
Rehabilitation School of Iran University of Medical Sciences 
with more than three months of experience in using binaural 
hearing aids and will be selected based on the inclusion criteria 
for entering the study. Participants will be invited to take part 
in the study face-to-face at the clinic.

The participants will be randomly divided into two groups. The 
intervention group will participate in the auditory training pro-
gram, while the control group will not be involved in the auditory 
training program; both groups will be matched for age and 
gender. For this purpose, random numbers are assigned to 
individuals based on a random number table. Subjects with odd 
numbers are assigned to the control group, while those with 
even numbers are assigned to the intervention group. This proc-
ess will be carried out by an audiology department employee, 
who is not involved in the study. Allocation concealment will be 
performed by random allocation cards using computer-generated 
random numbers.

Inclusion criteria
The inclusion criteria are as follows: 1) age range of 60–75 
years; 2) mild to moderate bilateral sensorineural hearing loss; 
3) mean hearing threshold of 40–55 dBHL (averaged over 0.5, 
1, 2, and 4 kHz) in both ears; 4) bilateral hearing loss; 5) use 
of binaural hearing aids for more than three months; 6)  
normal middle ear function32; 7) lack of cognitive problems based 
on the results of Mini-Mental State Examination (MMSE)33; 8)  
having a high-school diploma or higher; 9) right-handedness 
based on the Edinburgh Handedness Inventory34; and 10) being a  
monolingual (Farsi).

Exclusion criteria
Unwillingness to cooperate with the study at any stage and 
failure to meet any of the inclusion criteria.

Study procedures
This research consists of two phases, the first of which has been 
already carried out.

Phase 1: Design and development of the temporal process-
ing-based auditory training program. The auditory training 
program was designed based on the theoretical framework of 

temporal processing and was presented to 10 academic experts 
to determine its content validity. After that, the program 
was reviewed by an expert panel, and disagreements were 
resolved. The experts were academic members of IUMS, 
Tehran University of Medical Sciences (TUMS), and Shahid 
Beheshti University of Medical Sciences (SBUMS). This pro-
gram has been approved by the Medical Ethics Committee of 
Iran University of Medical Sciences (IR.IUMS.REC.1397.652) 
and is described in detail below.

The program is based on different aspects of temporal process-
ing consisting of five tasks while one or more aspects are 
challenged in all tasks, including:

1. Detecting the number of stimuli
This item contains five stimuli (frequencies of 500, 1000, 2000, 
4000 Hz and white noise) that are presented in single, binary, 
or ternary with different combinations for the users and their 
task is to count the number of stimuli heard. In the first level 
session, the duration of the stimuli and the gap between the 
stimuli is 250 ms. In each session, the duration and gap between 
stimuli is decreased by 5 ms, so in the last session (session 
36) the duration and the gap between the stimuli reaches 75 ms.

2. Detecting the pitch of the stimuli
This item contains five stimuli (frequencies of 250, 500, 
1000, 2000, 4000 Hz) that are presented in single, binary, or  
ternary with different combinations for the users and their task 
is to tell the number of stimuli that are similar in frequency. In 
the first session, duration of the stimuli and the gap between the 
stimuli is 1000 ms. In each session, the duration and gap between 
stimuli decreases by 25 ms, so in the last session (session 36) 
the duration and the gap between the stimuli reaches 125 ms. 
The initial sessions use the stimuli that have the highest octave 
distance (four octaves), while in the final sessions the distance 
is minimized (one octave).

3. Detecting the duration pattern
This item contains three stimuli (frequencies of 500, 1000, 
2000 Hz) and each stimulus is provided to the users with differ-
ent triple combinations of long or short duration and their task 
is to determine the number of stimuli that are similar in terms 
of duration. In the easy stage (1st to 4th week) the long duration 
is 600 ms and the short duration is 300 ms. However, the gap 
between the stimuli in the first week is 250 ms, which decreases 
by 50 ms per week and reduces to 100 ms in the fourth week. 
The stimulus of the first session of every week is 500 Hz, the 
second session is 1000 Hz and the third session is 2000 Hz. 
The same is true for the medium stage (fifth to the eighth week) 
and the hard stage (9th to 12th week). In the medium stage, the 
long stimulus duration is 500 ms and the short stimulus dura-
tion is 250 ms and at the hard stage the long stimulus duration is 
400 ms and the short stimulus duration is 200 ms.

4. Detecting the number of nonsense speech stimuli in noise
This item contains three nonsense speech stimuli (da / ta / ba) 
with different signal-to-noise ratios for both male and female 
voices in single, binary or ternary and in different combina-
tions are provided in the presence of background noise and the 
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task is to tell the number of stimuli they have heard. The  
signal-to-noise ratio starts at 12 dB in the first session, and both 
sessions decrease by 1 dB (one session for male and one for  
female), until finally, in the last two sessions, the signal-to-noise 
ratio decreases to -5 dB.

5. Detecting the gap in noise
The stimulus of this item is white noise, which is provided to 
clients with a 6-second duration, with zero to three gaps of dif-
ferent durations, and they should determine the number of gaps 
they have heard. The gap duration starts from 40 - 41 - 42 ms 
in the first session and each session decreases by 1 ms until  
session 33, when each session decreases by 0.5 ms until the last 
session (36) when it has decreased to 7.5 - 8 - 8.5 ms (see Table 1, 
Extended data)30.

The program consists of three stages (easy, medium, and 
hard), each with 12 levels (sessions). At each level, five tempo-
ral processing items are considered with five exercises. Since 
each exercise should be repeated twice, each auditory training 
session consists of 50 exercises, which are performed by the 
subject according to the description of each item. Since the pro-
gram consists of 36 sessions, the auditory training program 
comprises 1800 exercises (see Table 2, Extended data)30. One 
or more aspects of temporal processing are challenged in all 
items. In the first sessions, the user’s task is simple, while in 
the subsequent sessions, it becomes more difficult, requiring 
greater precision. Indeed, the program is based on the 
repetition of exercises.

Phase 2: Effect of the temporal processing-based auditory 
training program. This phase will be performed in three steps: 
before, during, and after the training program.

1. Assessments before the auditory training program:
In this phase, the following assessments will be performed 
by researchers for both the control and intervention groups in 
the audiology clinic of IUMS: 

• The subject’s case history will be taken to examine the 
inclusion and exclusion criteria.

• Otoscopy and behavioral tests, including pure-
tone average (PTA), speech tests such as speech 
recognition threshold (SRT) and speech discrimination 
score (SDS), and tympanometry, will be performed.

• MMSE will be applied to assess the absence of 
cognitive impairment in the participants.

• An electrophysiological test of speech auditory brain-
stem response (ABR) will be carried out. By studying 
and comparing the changes in amplitude, latency, and 
content of frequency responses, the possible effects of 
the auditory training intervention on the isolation of 
simultaneous speech sounds will be determined elec-
trophysiologically. Regarding the objective nature of 
changes in electrophysiological tests, electrophysi-
ological evidence can confirm and demonstrate behav-
ioral changes. Since speech ABR is a suitable test for 

evaluating subcortical auditory processing mechanisms  
in speech comprehension in the presence of  
background noise35, a clear relationship between the 
stimuli and brainstem responses allows for direct com-
parisons between frequency and temporal components 
of the stimulus and response. Previous research has 
shown a relationship between speech comprehension in 
the presence of background noise and spectral and tem-
poral components of speech ABR in children4, adults36, 
and the elderly4. Changes in this test may be an objective  
reason for altering the function of the nervous system.

• An ABR test will be performed with a speech stimulus, 
using the Bio-Logic Navigator Pro System. In this 
test, a non-inverting electrode is placed at Cz, and the 
inverting electrode is placed on the right ear lobule, 
and a ground electrode is placed on the forehead. 
The impedance value of all electrodes is below 
5 kΩ (maximum=1.5 kΩ). The stimulus is a 40-msec 
synthetic /da/ syllable, used in previous studies by 
the Auditory Neuroscience Laboratory of Nina Kraus 
et al.15 at Northwestern University (USA). The test 
will be performed in a quiet place with closed eyes (or 
during sleep) while leaning against a comfortable chair 
in an acoustic room with low light and low ambient 
noise. No cognitive stimulus will be used during the 
experiments7.

• Central tests, including gap detection in noise (GIN), 
duration pattern test (DPT), and QuickSIN, will be 
performed. These tests are sensitive to the central 
auditory nervous system (CANS) lesions but are not 
affected by peripheral hearing loss37.

�GIN� test: This test consists of a series of 36 different six-
second segments of white noise. Each segment contains zero  
to three gaps of silence. The interval between the noise seg-
ments is five seconds, and the duration of silence gaps is 
2, 3, 4, 5, 6, 8, 10, 12, 15, and 20 msec. Ten practice items  
are presented before starting the test. There are four lists 
available for the test, which allow for a comparison of the  
tests. Generally, one list is used for each ear. Although the 
test is run through a single channel, a second channel is  
also used by the examiner to control and rate the responses. 
The test includes two criteria for examining the results:  
1) a threshold for detecting gaps in noise; and 2) the per-
centage of correct responses for each ear. The gap detection 
threshold in noise is considered as the shortest gap duration for  
which there are four out of six correct responses. The per-
centage of correct responses is the mean percentage of  
correct responses during the test38.

�DPT�test: This test consists of three pure tones in each seg-
ment. The frequency of each tone is 1000 Hz, and its dura-
tion is either 250 msec (short) or 500 msec (long). The  
gap between the tones is 300 msec. Generally, there are 
six patterns for this test (LLS, LSL, LSS, SLS, SLS, SLL, 
and SSL), and a six-second gap of silence separates the  
segments. The percentage of correct responses is the mean 

Page 5 of 17

F1000Research 2020, 9:425 Last updated: 13 JUL 2020



of all percentages of one’s correct responses during the test.  
It is recommended to perform the test at 50 dB SL to the 
speech recognition threshold or pure tone average (500,  
1000, and 2000 Hz). Since intensity has insignificant effects  
on test performance, it can be also performed at 10 dBSL38.

�QuickSIN� test: In general, QuickSIN is a quick test to 
quantify one’s ability to hear in the presence of noise. It can  
be performed using headphones and/or free-field speakers 
(free-field in this study). In this test, a series of sentences  
are presented to both ears, and at the same time, a babbling 
noise is presented to both ears; in other words, noise is  
competitive with the stimulus. This test is performed at the 
most comfortable level (MCL). The patient’s response is  
written, and the number of correct repeated words is  
documented in the “results” sheet. A total of five lists are  
used for each person.

 Each list contains six sentences, and each sentence has five 
keywords, all of which are presented in babble noise. The 
noise level is set at six levels (preset on CD) and increases  
in 5-dB steps; in other words, the test conditions gradually 
become more and more competitive. The signal-to-noise  
ratios include 25, 20, 15, 10, 5, and 0 dB. At the end of each 
list, the total number of correct repeated words is recorded,  
and the signal-to-noise reduction ratio (SNR loss) is  
calculated32.

2. Implementation of the temporal processing-based auditory 
training program (only for the intervention group)
Multiple studies have shown that plasticity occurs in the brain 
8–12 weeks after training39. Therefore, after the study popu-
lation is selected, the designed auditory training program 
will run only for the intervention group over three months. The 
program will be provided as a DVD to the intervention group 
for use at home (at home PC-based training program). The  
auditory training program will be carried out in three easy, 
medium, and hard stages, with each stage consisting of 12 levels  
(sessions). Each stage will continue for one month and will 
be performed by the user for three sessions per week (30–40  
minutes per session).

In the designed program, the difficulty of training increases 
from level 1 to level 36, and the user’s task becomes more diffi-
cult requiring more precision. The program is based on the rep-
etition of exercises. In each session, the user is required to earn 
more than 80% of the scores to pass to the next level. All of 
the exercises will be performed in several stages over a three-
month auditory training period. The exercises start from easy 
levels in the early days to difficult levels in the final weeks. The 
program will be implemented at MCL for users with hearing 
aids in the free field.

To fully familiarize the user with the auditory training program, 
the first three sessions of the program will be conducted in the 
audiology clinic in the presence of the researcher to ensure that 
the user has learned how to use the program correctly and that 
it is executed properly. Subsequent home sessions will be con-
ducted according to the program protocol and the training of 

each part of the program. However, in order to retain control  
and ensure that the program is performed correctly, in all 
rehabilitation sessions at home, users will be monitored by 
the researcher via a phone or video call. If a participant is una-
ble to run the program after these tutorials and tips, the train-
ing will be discontinued and the person will be removed from 
the study.

3. Assessments after the implementation of the auditory training 
program
In this stage, central tests, including GIN, DPT, QuickSIN, 
and speech ABR test, will be repeated for both the control and 
intervention groups immediately after auditory training, and 
the outcomes will be compared with the pre-training results. 
The tests will be repeated after one month to determine the 
reliability of intervention results to improve the users’ temporal 
processing.

Sample size
The sample size is calculated with 80% power and 5% test 
error (95% confidence interval), based on a similar study by 
Gil et al.39:

                           

( ) ( )
( )

2 2

1 / 2 1 1 2

2

1 2

2
n

α β

µ µ

− −+ +
=

−

z z s s

                           

According to the abovementioned formula and a 20% dropout  
rate, the sample size is estimated to be 22 in this study (11  
participants per group).

Data analysis
First, the Chi-square test will be used to examine the normal 
distribution of each variable. If data distribution is normal, para-
metric tests, including paired t-test, independent t-test, and 
ANCOVA test, will be performed. Otherwise, non-parametric 
Mann-Whitney and Wilcoxon tests will be carried out. Fisher’s 
exact test will be applied for the homogeneity of the groups. 
Statistical analysis will be conducted using SPSS version 22.0 
(IBM Corporation, New York, USA), and the significance 
level is considered to be 0.05.

Study status and dissemination of findings
This trial will start in April 2020 and will be completed in Sep-
tember 2020. To date, enrolment of patients has been per-
formed, and allocation will be done shortly. The trial outcomes 
will be published in the relevant scientific journals and the 
results will be communicated to the public, participants and 
audiologists through a formal report. The results of this study 
will be communicated to the external funding body through 
a formal report and there is no limit on the publication of 
the trial results.

Discussion
Age-related hearing loss not only influences the physical 
and emotional activities of the elderly, but also affects their  
social activities and reduces their quality of life due to vari-
ous factors, such as depression, social isolation, and reduced  
self-confidence. One of the important problems in maintaining 
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and promoting the health and quality of life of the elderly is to  
maintain their independence in daily life activities and to pro-
vide suitable conditions for them to continue an active and  
independent life40,41. Therefore, by implementing a proper audi-
tory training program, the elderly can comprehend speech in  
noisy environments; this, in turn, prevents their isolation  
and reduces the social and financial burdens of their disabilities.

The “plasticity” phenomenon, which has been scientifically  
approved, suggests the efficacy of auditory training in improv-
ing the speech comprehension skills of the elderly. So far, 
various auditory training methods have been introduced 
and applied to different studies42. In Iran, we need to design 
and develop such methods based on the elderly’s needs. Multi-
ple studies have been performed on auditory training for children 
after receiving hearing aids. However, in Iran, auditory training 
for elderly users of hearing aids has not been studied, and this 
is the first research conducted in our country. For this purpose, 
an elderly auditory training program was designed and imple-
mented with an emphasis on the temporal aspects of speech. 
Also, regarding the need for special tools and facilities to estab-
lish this auditory training program, the proposed program can 
be used in audiology clinics and academic centers to improve 
the speech comprehension of elderly users of hearing aids, 
especially in the presence of background noise.

Data availability
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No underlying data are associated with this article.

Extended data
Open Science Framework: The effects of a temporal process-
ing-based auditory training program on the auditory skills of 

elderly users of hearing aids: a study protocol for a randomized 
clinical trial. https://doi.org/10.17605/OSF.IO/SB93430
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Reporting guidelines
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Suggest rewording the sentence 'Since temporal processing is not sufficient in auditory training programs
for the elderly with hearing impairments' for clarity.

Justification should be offered for each of the inclusion criteria listed.

Justification should be offered for the limited age range of eligible participants (60-75 years old).

Please state your criteria for pass/fail on the MMSE.

The authors should add more detail in terms of how trainees progress through the training difficulty levels
on the training program. Given that the training is DVD-based, is an adaptive algorithm based on trainee
performance possible? Please describe in detail how transitions between difficulty levels will be achieved
and managed.

Similarly, will the training log user input and performance in real-time? On the local PC? How/will these
data be accessed and used by the research team? Or is on-task training performance not
gathered/assessed?

If participants are removed from the study, how will this be dealt with (i.e. will they be replaced?)

Do the authors intend to conduct per-protocol or intention-to-treat analyses? The data analysis section is
limited and would benefit from the consideration of multivariate techniques aligned to this type of research
(multiple outcome assessments over time).

The authors should state the outcome data on which the power calculation is based, particularly given
that the proposed group size is very small in comparison to other computer-based auditory training
intervention studies (see e.g. Henshaw & Ferguson, 2013 for a review) . Notably, the sample size in Gil
(which the authors use as the basis for their calculation) was 'doubled' by including participant data for
right and left ears independently (not recommended). I would therefore strongly urge the authors to revisit
their power calculation based on pilot data and/or a high quality published study using aligned outcome
measures in a similar population.

I commend the authors on their open study documentation, source code, and SPIRIT checklist.

1

2
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I commend the authors on their open study documentation, source code, and SPIRIT checklist.
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It is a well-written study protocol. The need to have an auditory training program designed for the elderly is
critical and very important. The authors are addressing this need by developing a special auditory
software. I approve the protocol; however, I do have some comments for improving the study. Most of
them are minor and can be handled easily. My two main concerns (explained below under the method
section) are related to the participants ‘age and adding a speech perception test at the beginning of the
experiment (as a screening tool for measuring the participant's qualification). 
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1.  
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section) are related to the participants ‘age and adding a speech perception test at the beginning of the
experiment (as a screening tool for measuring the participant's qualification). 

 Introduction:
The introduction is short, but it may be related to the Journal specification for the study protocol. 
Some concept needs to be explained briefly: neural slowing, plasticity, the theoretical framework of
temporal processing’, speech perception difficulties, how were these difficulties were measured in
the past
Some references need to be added. The authors advised to re-read the introduction and add the
appropriate references. I am reporting several here, however, the authors need to check the
introduction again: 

 For example:
The first paragraph of the introduction (the first 2 sentences): ‘One of the most important issues in today’s
world is the phenomenon of aging’. ‘With advancing age, the prevalence of chronic diseases increases’. 
Third Paragraph: ‘There are many potential biological reasons for the elderly’s slower responses, such as
reduced myelin integrity, prolonged nerve recovery, reduced brain connections, and reduced neural
synchrony’ and the next sentence: ‘Perceptual and neurophysiological studies have shown that central
auditory processing is also impaired by hearing loss and aging.’ 
Sex paragraph: 'Substantial evidence suggests that humans, with or without hearing loss, can increase
their ability to perceive spectral and temporal features of acoustic stimuli through auditory training
exercises.'

Objective/Aim
The last paragraph of the introduction is related to the objective. This needs to be re-written. The main
objective of the project needs to be presented more clearly.
Can the authors formulate one or two hypotheses for their project?

Method section:
Inclusion criteria:
Numbers 3 and 4 can be combined.
Number 5: why 3 months, based on which studies.
It will be highly necessary to include one speech perception test (in silence and in noise) for selecting the
participant. In fact, not all the participants would have an important speech understanding difficulty in
noise. Can the speech perception be measured before enrolling in the project? Since the authors will run
a basic audiological evaluation to determine the hearing loss degree, adding a speech test (even a
screening one), will be so beneficial.

Participant's age:
I am a little concerned about the participant’s age range, it is an important factor. A 60 years old
participant will not have the same auditory capacity (Peripheral and central) compared to a 75 yrs old. Do
you have any distribution limits? I mean how would the authors control this potential situation: 10 out of 12
participants are 60 yrs and only 2 are 75 years in the experimental group. I understand that we cannot
control all the variables, however, can we concentrate on 70 to 75 yrs population instead of having this
large age window (especially for the elderly that each year would bring some kind of declines in their
capacity)

Testing the Auditory training’ effect:

Before, immediately and one month after. 
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Before, immediately and one month after. 
Can we evaluate the performance three months later as well to be sure about the long-term effect?

Authors mentioned that the training sessions will be monitored via phone or video call, is it for each
session?
How the authors can be sure that the participants will be practicing 30 to 40 minutes per session (not
more or less), is there any way to detect the duration of the practice.

 Discussion:
Authors mentioned that age-related hearing loss not only influences the physical and emotional activities
of the elderly but also affects their social activities and reduces their quality of life. Is it possible to add a
questionnaire evaluating some of the emotional, social, and/or daily communication patterns?

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Partly

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Yes

 No competing interests were disclosed.Competing Interests:
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auditory experiences, cortical and subcortical auditory evoked potentials.
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expertise to confirm that it is of an acceptable scientific standard, however I have significant
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The abstract is adequately presented. The introduction justifies the completion of the study and the
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The study is important in the area of knowledge of audiology, especially because from this knowledge the
indication of rehabilitation can be better conducted.
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indication of rehabilitation can be better conducted.
Bibliographic references must be updated. I understand that the best reference to justify the prevalence of
hearing loss in the elderly is the global burden of disease. Other references must be updated too.
Vos, T., Abajobir, A. A., Abate, K. H., Abbafati, C., Abbas, K. M., Abd-Allah, F.,  Abera, S. F.
(2017). Global, regional, and national incidence, prevalence, and years lived with disability for 328
diseases and injuries for 195 countries, 1990–2016: a systematic analysis for the Global Burden of
Disease Study 2016. The
Lancet,390(10100),1211-1259.doi:https://doi.org/10.1016/S01406736(17)32154-2
 
As the text explains age-related hearing loss (ARHL) not only influences the physical and emotional
activities of the elderly, but also affects their social activities and reduces their quality of life due to various
factors, such as depression, social isolation, and reduced self-confidence. One of the important problems
in maintaining and promoting the health and quality of life of the elderly is to maintain their independence
in daily life activities and to provide suitable conditions for them to continue an active and independent life.
 
I think that the application of questionnaires that evaluate the limitations and restrictions in the activities of
daily life is of great importance.
Tests in controlled situations that do not represent daily activities may not show the improvement targeted
by the training.
 
Therefore, I believe that it is very important to apply questionnaires that assess the quality of life and the
limitations and restrictions in activities of daily living before and after auditory training.
 
If it is not possible to include this type of evaluation, consider these aspects when discussing the results
and the possible applicability of the proposed training.
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