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Abstract

Difficulty in speech discrimination is a major complaint among post lingually deafened adults, which are cochlear implant (CI)
users. Consequently, it is important to study the factors that offer positive post-operative outcomes in order to get the most out of
this technology. Thus, many clinicians tend to orient the implanted toward the auditory training program with the aim of teaching
them to make perceptual distinctions about sounds that are presented systematically. Therefore, a systematic review was performed
to examine the influence of aural rehabilitation on post lingually deafened cochlear implant users’ speech recognition with an eye
towards reaching its full potential. A total of 20 articles was used in this review, chosen from PubMed, Science Direct, semantic
scholar, international journal of audiology, and journal of speech, language, and hearing research. It was therefore concluded
from the analysis of the previous studies that the auditory training may be advantageous when it considers the individual’s own
characteristics towards designing a proper auditory training program while tracking his/her progress throughout this period.
Furthermore, choosing between clinician-directed training and computer-based home training or a combination of both is essential,
considering the patient and the clinician’s preferences. Not to mention the high importance of choosing a processing strategy that
helps differentiate between the sound cues. It may also be beneficial to train the cochlear implant users on environmental sound
identification as well as speech recognition or speech tracking to recognize them better. Auditory rehabilitation could be more
valuable when provided in the long-term and when conducted in more realistic situations that resemble real-life environments. In
order to achieve the desired results, future studies should focus on sample size adjustments, including less heterogeneity among the
participants, while conducting long-term training suitable for each patient along with the proper processing strategy.

Abbreviations: CI: Cochlear Implant; HINT: Hearing in Noise Test; SPIN: Speech in Noise; GBI: Glasgow Benefit Inventory; BKB:
Bamford-Kowal-Bench; SNR: Signal-to-Noise Ratio; VDS: Visual Digit Span; ADS: Auditory Digit Span; VER: Vocation Emotion
Recognition; MCI: Melodic Contour Identification; FEST: Familiar Environmental Sound Test; CNC: Consonant-Nucleus-Consonant;
NNSE: Neural Network based Speech Enhancement

Introduction

. . especially against background noise. It is important to initiate
Cochlear implantation has been an enormous breakthrough P y a8 5 P
. . . . . such training immediately after the fitting of the implant, which
in treating severe to profound hearing loss in patients that cannot

' . . . ) . will include a series of exercises. The aim of this intervention
benefit from conventional hearing aids [1]. The cochlear implant is

. . . technique is to train the mind on sound perception and uses and
an electronic device that bypasses the normal hearing pathway and
. . . to provide awareness and recognition techniques for the brain’s
the damaged cochlea and directly stimulates the auditory nerve of a
. . . e s auditory neurons as well as improving the listening skills. Hence,
hard-of-hearing patient [2]. A strong commitment to rehabilitation

. . . . repetitive exercises and continuous training are needed so that
therapy is needed for the purpose of hearing impairments

. . ) ) .. the employed auditory training shall achieve their purposes and
treatment since the cochlear implant is not by itself sufficient nor
- . . goals for the sake of the listener’s proper and organized hearing. As
efficient for complete recovery [3]. Therefore, auditory training
e . . . . mentioned, it is preferable to initiate the training after the patient
is indispensable for this purpose; it is mainly employed in order
. R . - . has acquired the implant, which will help him maximize its benefits,
to enhance the listener’s ability to focus and distinguish sounds,
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enhance his understanding of speech, and develop the needed
skills to differentiate and recognize different sounds. The auditory
rehabilitation also has several other benefits, such as empowering
the patient’s social skills through communication enhancement and
allowing the patient to relate sound to their social and convenient
meaning [4].

Despite extensive research on the importance of auditory
training after the implants, the percentage of referred patients to
the training or to listening therapy remains relatively low. These
patients are rather left on their own to adapt and acquire the
necessary skills to support the implant’s benefits. Obviously, every
patient, following his cochlear implant, will be needing different
types of aural rehabilitation as well as different intensities and
a number of sessions for ultimate results [4]. For this purpose,
it is necessary for the audiologist to determine the skills already
existent for the patient, and then plan, accordingly, the number and
types of sessions needed to assist the patient. When highlighting
the importance of auditory training, it is worth mentioning that the
implant serves the patient in treating his hearing impairment, and
not his communication skills and social adaptability. In other words,
the purpose of cochlear implants is the restoration of audibility,
leaving the patient unsatisfied with his inability to engage and
communicate properly in his social environment. Several studies
have shown that, as cochlear implants improve the auditory
experience of the patient, it failed to restore speech recognition,
especially in complex auditory contexts. Therefore, the implant is
the first initiative towards a cascade of steps and activities to reach
desirable results, where the patient does not only detect sounds, but
he also organizes them, prioritizes them, and recognizes them. This
process renders the patient able to perform adequate and efficient
communication, not only hearing, with his surroundings. All light
must be shed on the importance of efficient auditory rehabilitation

in helping patients acquire social and communication skills [5].

Hearing impairments and difficulties are major contributors
to physical and psychological deterioration represented by social
isolation, depression, and brain atrophy. Those who are not able
to properly communicate and express themselves in society
will suffer not only from their physiological barrier but will also
perceive themselves as an excluded individual in social events,
gatherings, and even throughout their professional lives. Successful
communication is one of the factors that designates the success
of auditory training and highlights its necessity and impact on
the patient’s life. Consequently, extensive, and further research is
needed to present evidence-based conclusions showing the impact
and efficacy of auditory training not only in physiological auditory
terms, but also in social and psychological contexts. This paper
depicts a systematic review based on previous studies discussing
different types of auditory trainings, their impact on physiological
and social skills, and their advantages, as well as their limitations,

for the post lingually deafened adults cochlear implant users. Post
lingually deafened cochlear implant users are patients who lost
their hearing after language acquisition, showing no benefit from

hearing aid usage [1].

Objectives

The objective of this study is to examine the positive outcomes
of aural rehabilitation among adult post lingually cochlear implant
users for the sake of maximizing the device’s performance. The
latter serves the patient not only in physical aspects, but it also
improves his/her communication capacities, with as minimal
limitations as possible.

Methodology

A literature review was conducted in order to study the effects
of auditory training in enhancing and improving speech perception
in noisy environments upon post lingually deafened adult cochlear
implant users. A systematic approach was adopted to select reliable
and convenient resources for appropriate results. At first, the
keywords used to initiate research on the mentioned topic were the

» o«

following: “Auditory training”, “cochlear implant” and “adult” using
the following platforms: PubMed, Science Direct, semantic scholar,
international journal of audiology and journal of speech, language,
and hearing research. Accordingly, a significantly high number
of articles was found. Using PubMed, 430 articles were found,
whereas using Science Direct, 1,569 articles were obtained. Using
semantic scholar, a number of 2,060 articles were found. Searching
via the international journal of audiology, 220 articles were found,
and 290 articles with the journal of speech, language, and hearing
research. Overall, a total of 4,569 articles was found from all the
platforms used. Accordingly, inclusion and exclusion criteria were
set in order to either select or exclude articles based on relevant
information for the specific research. First of all, it was found more
convenient to study articles with the most recent findings and
methodologies since the field of auditory training is highly evolving.
Therefore, articles that were published since 2005 were selected.
In other words, articles dating back before 2005 were excluded
from the study. Second of all, in order to ensure the adequacy of
the information provided and its significance to the literature
review, few authors were selected upon their credibility according
to credentials and related achievements. For example, authors who
were most directly related to the audiology field in general and
experienced in auditory rehabilitation in specific were selected.
Moreover, a more detailed approach was used in order to select
articles not based only on external factors such as dates, authors,
and peer review, but more importantly on the content of the article
(strategy of the methodology used) as well as its relevance to the
objectives of the study and the outcomes expected. Hence, a total
of 20 articles were found to follow the same clinical strategies
represented by:
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a) Phase 1: Pretraining of the selected population (adults
with cochlear implants).

b) Phase 2: Performance of auditory training for the sample.
c) Phase 3: Testing of outcomes (post-training phase).

The process of review of articles selection is detailed in Figure
1. Other articles were selected to ensure reliability and credibility:
Six literature review articles, one article that followed a survey
on 230 cochlear implant audiologists to investigate the efficiency
of the adopted auditory training practices and to evaluate its

ry traming, adults,

outcomes, and one article that conducted auditory training on
one patient over an extended period of time while measuring the
outcomes. All articles were carefully reviewed and analyzed based
on concluded results, adopted study designs, indicated protocols,
and relevant findings to the review. Finally, 20 articles were actually
studied to reach the goal of the study and investigate the effects of
auditory training in the improvement of listening skills, recognition,
interpretation of speech sounds, as well as the selection of acquired
speech in noisy environments among cochlear implanted users in
the post lingually deafened adult population.

ochlear mmplant

5 databases

430 articles

Author
3- Methodology and

tent according

Journal of §
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criteria

edi

ality of the articles

20 peer reviewed articles

Investigation of the results, main findings analysis

Figure 1: Process of review articles selection.

Results

Different training techniques were used in previous studies.
The following paragraphs present each training method with the

Table 1: Summary of the obtained results.

results obtained after its completion (Table 1), a method of training
selection (the listening cube), as well as the differences of results
observed with computer-based home training and clinician-
directed clinical training.

Procedure Population Control Group Training Sessions Outcome
Sentences training Group 4: 4 adults Yes 4 sessions per day, for No significant 1mpr(.)v.'ement in vowel
4 days recognition
Fuetal. [8] N dentificat] . dav £ omificant 1 . 0
Phoneme identification Group 3: 4 adults Yes 4 sessions per day, for No significant improvement in vowe
training 4 days recognition
No significant improvement in gender
Loebach et al. [9] Sentence training 48 normal hearing Yes 1 day and talker identification. Improvement

(with feedback)

adults

in environmental sound training
identification for trained group.

Stacey et al. [10]

Sentences training

11 post lingually
deafened adults CI
users

Within-subject
control

1 hour per day, 5 days
per week over 3 weeks

No significant improvement in sentence
training nor in vowel identification.
A slight improvement in consonant

identification.
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Bernstein et . 10 post lingually Within-subject Improvement in s.p.eech trackl.ng and
Speech tracking deafened adults CI 8 weeks sentence recognition. Retention of
al. [6] control . .
users results after a period of no training.
10 post lingually I . . . .
Oba et al. [13] Visual digit span deafened adults CI Within-subject | 30 mins per day, 5 days Little or no 1mprovement for most
Users control per week over 4 weeks auditory tests.
Ingvalson et al. Target sounds 5 postlingually Within-subject 1 hour per day, for 4 Speth in noise improvement Wl.th a
. N deafened adults CI retention of results after 4 days with no
[19] identification control days .
users training.
Schumann etal. | Phoneme identification 2.5 post-and 2 pre- 2 sessions per week Improvemer?t n s.peech recogmtlon n
o lingually deafened Yes moderate noise with a retention after 6
[14] training over 3 weeks . L
Cl users months with no training.
4 training sessions Improvement in environmental sound
) Environmental sound Within-subject 5 . identification with a retention of
Shafiro et al. [16] . 14 Cl users on separate days in 1 - -
training control week results. No improvement in speech
tests
Plant et al. [7] Speech tracking 1 CI patient Within-subject 2.5 years Improvement in speech .tr.acklng and
control sentence recognition.
Schumann etal. | Phoneme identification . Nosystematic .effect of age.
. 27 CI patients Yes 3 weeks Improvement in phoneme
[15] training . e
identification
. . - . Improvement in speech recognition
Goehl[’llrég], etal. s trﬁl\leSE S\;(;}C)etsrzlirrl)%n 14 Cl users Wlt};g; tsrlztl)]ect - with NNSE processing strategy, in SWN
gy & and ICRA noises but not in babble
Improvement in speech recognition
. 9 Post lingually Within-subject | 30 mins per day, 6 days with a retention of the result. No
Green etal. [12] Target word training deafened CI users control per week over 4 weeks | changes in phoneme identification and
digit span.

Speech tracking

Bernstein et al. [6] investigated post-training outcomes for
a group of ten post lingually cochlear implant adults after four
weeks of speech tracking training and eight weeks after training
completion, using sentence recognition tests, and tracking rate
measurement. In addition, Plant, Bernstein, and Levitt [7] used the
KTH speech tracking method for a 51-year-old woman for 2.5 years.
In both experiments, a significant improvement for both tracking
rate and speech recognition was observed.

Sentences training

Fu, et al. [8], Loebach, et al. [9], and Stacey et al. [10] trained
the participants in their studies using Hearing in Noise Test (HINT)
sentences, Harvard (IEEE) sentences, and low predictability speech
in noise (SPIN) sentences. The participants were asked to identify
specifickeywordsin the sentences acoustically presented. Fu, Galvin,
et al. [11] in group number 4 that includes four normal-hearing
adults, used modified connected discourse sentence training using
HINT sentences by a single-talker, presented with spectrally shifted
speech, same as for a cochlear implant patient having a limited
number of electrode with a small length of electrode array. This
training aims to imitate normal daily listening situations. The
participants’ speech recognition was tested before the training, after
each training session, and after finishing the training sessions (day
5) using multi-talker vowel and consonants recognition, processed
with eight channels, shifted and unshifted. There was no significant

improvement in the spectrally shifted speech recognition in this
group after the sentences training. As for Loebach et al. [9], training
was conducted on 48 normal-hearing adults divided in two: 24 in
the control group using unprocessed version of IEEE sentences with
no feedback after the response, and 24 patients in the experimental
group using processed sentences with a presentation of feedback
after their response. The performance in the posttest using the
sentences with no feedback nor repetition, and the environmental
sound identification for both groups was improved, better for the
trained group than for the control group. However, the training
did not improve the participants’ ability of gender identification
and talker discrimination. Conducting experiments on 11 post
lingually deafened adults with the cochlear implant, Stacey et al.
[10] performed training using IEEE sentences, low predictability
speech-in-noise (SPIN) sentences as well as word training task. A
within-subject control procedure was used starting with baseline
testing, one week on training followed by testing and Glasgow

Benefit Inventory (GBI) questionnaire for a duration of three weeks.

Testing and training were performed at home. The testing was
conducted using the IEEE sentences test, vowel and consonant
identification, Bamford-Kowal-Bench (BKB) sentences test, and
GBI questionnaire. After three weeks of auditory rehabilitation, a
significant improvement in consonant identification was observed,
which is not the case for the IEEE sentences test, BKB sentences
test, and vowel identification. Moreover, Green, Faulkner, and Rosen
[12], in their experiment trained nine post lingually deafened adults
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with a cochlear implant, using home training 30 mins per day, and
six days per week for a duration of four weeks. Three training texts
were utilized, each one divided into phrases of two to ten words,
containing one to four target words to identify in 20-talker babble.
The testing was represented by sentence recognition in babble
using BKB sentences and IEEE sentences at a different signal-to-
noise ratio (SNR), modified according to the answer, vowel and
consonant identification in noise and memory span for digits
forward and backward. Four pretests over three sessions took place
(one in quiet and three in noise), followed by home training with a
total of 12 hours training at different SNR based on the performance,
then post-training testing in noise after the last day of training with
final testing in noise four weeks later. A significant improvement
in sentence recognition in noise was obtained, which was absent
in phoneme discrimination and in forward and backward digit
span. In addition, the speech recognition threshold was lower in
post-training than the one obtained in the pre-training, and it was
maintained or improved four weeks after finishing the training.

Visual digit span training

Oba, et al. [13] carried out their experiment using visual digit
span training with feedback presentation, a non-auditory training
method, to study its effect on auditory perception for ten post
lingually deafened adults with cochlear implants. A within the
subject control procedure was done, represented by a baseline
testing prior training, home training for 30 minutes per day,
five days per week for a period of four weeks, and post training
measurements within the training period, after five training hours
and ten training hours, and after one-month post-training. Visual
digit span (VDS), auditory digit span (ADS), speech recognition in
quiet (vowel and consonant identification), speech recognition in
noise (HINT sentences in steady noise, HINT sentences in babble,
digits in steady noise, and digits in babble), vocation emotion
recognition (VER) and melodic contour identification (MCI) were
the tests performed in free field with 65 dB loudspeaker. The results
obtained show no improvement for ADS, phoneme recognition in
quiet, HINT sentences recognition, and digits recognition in noise.
However, there are small improvements for VER and MCI only.

Phoneme identification training

Fu, et al. [8], Schumann, et al. [14];
trained their participants in their experiments using phoneme

Schumann, et al. [15]

identification task. Fu, et al. [11] carried out vowel contrast training
in monosyllabic words for group 3 (four normal-hearing adults)
in their experiment, starting with baseline testing, five days of
training, each session followed by vowel identification test, and
posttest using vowel and consonant recognition testing with eight
channels spectrally shifted and unshifted speech. The stimuli and
the talkers were different between the testing and the training.
Subjects in this training did benefit from this procedure, showing an

increase in their overall phoneme recognition ability. On the other

hand, Schumann et al. [14] and Schumann et al. [15] conducted
their experiment on 27 adult cochlear implant users, divided into
training group (15 patients) and control group (12 patients). The
training group procedure starts with a pretest session, six training
sessions, and a post-training test followed by a follow up after six
months. However, the control group was exposed to a test-only
procedure, pretest, and posttest, with a four-week interval. For the
training, they used target sounds using non-sense syllables in a
quiet room. The testing sessions included evaluations of sentence
recognition in two conditions: with moderate noise (SNR: +5db)
and in a difficult, noisy environment (SNR: 0dB). No significant
improvement for the control group between pre and posttest
in sentence recognition. However, the training group showed a
significant amelioration in post-training only at the level of +5dB
SNR that was improved after six months from the completion of the
training. Vowel and consonant identification improved with better
improvement for consonants.

Environmental sound training

Shafiro, et al. [16] studied the effectiveness of home-based
computerized environmental sound training on environmental
sound and speech perception in 14 cochlear implant users. Two
pretesting sessions were performed in the laboratory prior to
any training (within the subject control). After finishing the
pretest, four sessions of computer-based training, along a period
of one week, was conducted by the patients at home. The training
stimulus was presented based on the patient’s performance in the
pretest. A posttest in the laboratory was conducted after training
completion, followed by a retention session one week after (no
training). To evaluate the patient’s performance before training, in
pretest 1, BKB-SIN test (sentence perception at a varying signal to
noise ratios), familiar environmental sound test (FEST), consonant-
nucleus-consonant (CNC) monosyllabic word recognition test, and
speech in noise (SPIN-R) sentence test were performed for all the
participants. In pretest 2, post-training test and retention, the same
tests were performed as in pretest 1, except for the BKB-SIN test
that was only conducted in pretest 1. After training, FEST scores
improved significantly and was maintained after one week of
training completion. Moreover, an improvement in tokens not used
in training was also obtained with no improvement for either of the
two speech tests.

Listening cube training

De Raeve et al. [17] explained a three-dimensional auditory
training program developed during the clinical practice at the KIDS
Royal Institute for the Deaf in Belgium for children and adults with
cochlearimplants. In this article, they did not conductan experiment
on patients, but they gathered reports from many institutes using
the listening cube training to study its efficiency. This tool helps
the therapist plan and structure an effective yet adequate auditory

training regimen specific to each individual’s needs. It is a three-
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dimensional training due to the fact that it includes the level of
perception, the practice materials, and the practice conditions. The
therapists using the listening cube training tool provided positive
feedback showing successful results after using this method.

Sentence keyword training with an integration of the
NNSE algorithm

The integration of Neural Network based Speech Enhancement
(NNSE) algorithm in the cochlear implant speech processing
strategy was performed along with the training. It aims to improve
speech perception in noisy environment for cochlear implant users.
Goehring et al. [18] performed their study on 14 Dutch speaking
cochlear implant users (ACE strategy). Each patient serves his
own control. The training is a group of sentences from LISTm
corpus, presented in quiet and in noise until obtaining the most
comfortable level to be fixed for the patient during the procedure.
Speech in noise test was measured using three different background
noises (Speech-weighted noise SWN, speech-like modulated noise
with silent intervals limited to 250ms ICRA5-250 and babble) in
three processing conditions (unprocessed condition: ACE strategy,
NNSE-single-talker ST: same single-talker in test and training,
and NNSE-multi-talker MT: multiple talkers excluding the target
speaker), so each patient is tested in nine conditions. The SRT for
the unprocessed condition was higher than the other conditions
for all of the three types of noises. However, NNSE-ST provided the
lowest SRT for all of the three noises.

Computerized home-based training vs clinician-directed
training

Ingvalson, et al. [19] and Green et al. [12] investigated the
effectiveness of home-based training using a computer. There was
an improvement following the training, which is dependent on the
training used. Zhang, et al. [20] investigated nine computerized
home-based auditory training programs. Their research highlighted
the efficiency of those trainings, especially for recipients who
cannot afford clinician-directed training. It is also more convenient
for the clinician because it requires a high number of sessions
over an extended period of time. Vélter, et al. [21] examined the
efficiency of different computer-based home training programs.
The result suggested that it can provide positive outcomes for
cochlear implant users. However, Bernstein et al. [6] and Plant et
al. [7] conducted their experiment using clinician-direct training. A
significant improvement in both studies was obtained, highlighting
the importance of face-to-face interaction to avoid boredom as well
as the effect of positive affirmations and feedback along with the
encouragement given by the clinician to the patient.

Discussion

The aim of this systematic review was to test the hypothesis
which states that aural rehabilitation is an effective procedure

to assist post lingually deafened adults, cochlear implant users,
developing the ability to associate the sounds received by the
processor with their corresponding meanings, especially within
noisy environments. A huge uncertainty is still in existence
regarding the most effective type of training, the adequate number
of sessions, and the appropriate general duration of the program.

Designing an auditory training program

Many training methods used in the analyzed articles provided,
to some extent, a significant improvement in the speech in noise
perception. However, the amount and time course of development
differed among patients. Therefore, it is required to develop a
suitable training plan specific to each individual, considering his
computer education, personality, motivation, linguistic knowledge,
processor characteristics, financial status, age, family support,
medical condition, duration of deafness, duration of the implant
as well as his level of performance, while adapting the training’s
difficulty level accordingly. Based on those criteria and once the
areas of difficulty are found, the patient will be given an adequate
training procedure, computer-based home training or clinician-
directed, or a combination of both. Note that for elderly patients, it
is recommended to test their cognitive function, and if declined, it

can impede the success of auditory training [4].

Clinical-directed training or computer-based home
training.

For an adult with less experience with computer devices, it
is easier to conduct the training with the clinician. Moreover, it
is less boring due to the interaction with the therapist as well as
the encouragement and immediate feedback that enhances the
patient’s motivation [7]. One pitfall of clinician-directed training
is its high cost compared to computer-based home training. In
addition, when training at home, the patient has the luxury to train
at his convenience. The best-case scenario may be not to substitute
one training with the other, but to use the computer-based home
training as a complementary tool beside the auditory rehabilitation
given by the therapist in the clinic. To avoid boredom in home
training, especially for adults, it is convenient to perform the
training task with the help of a partner.

Processing strategy

As specialists, we have to make sure that the processing
strategy used is as convenient as possible to better access the
spectro-temporal cues. Goehring et al. [18] used the NNSE
processing strategy to enhance the speech perception of cochlear
implant users in difficult, noisy environments by giving a more
detailed frequency signal. It is better to provide this combination of
improved processing strategy and aural rehabilitation to ameliorate
the patient’s hearing experience with the cochlear implant and
access full benefit.
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Time of onset of auditory training

When counseling with the patient prior to the implant, it is
mandatory to highlight the importance of starting auditory training
immediately after programming the processor with the first MAP
because the cochlear implant alone is not sufficient especially in
complicated listening situations. The patient should understand
that hearing with a cochlear implant is not the same as for hearing
aids or normal hearing; learning to hear with a cochlear implant
is provided via auditory training so as to achieve better speech
perception and differentiation.

Choosing the auditory training method

Many training tasks were used in previous research, including
speech tracking, sentence identification, phoneme identification,
environmental sound training, listening cube, etc. Each task
produced an enhancement for a given number of participants. In
addition, as known, each patient with hearing loss, whether he/
she has hearing aids or cochlear implants, benefits differently and
has different hearing preferences, along with the dissimilarities
in personality, intellect, environment, etc. [4]. Accordingly, it
is probable that all of these characteristics are influencing the
perception of sound for each individual. For this purpose, it
is recommended that the specialist develop a proper training
procedure for each patient, while considering his/her cognitive
(attention, memory...), linguistic, social, and intellectual skills and
communication needs. In general, the available studies reveal that
there are no simple auditory training procedures that can be used
for everyone, which highlights the necessity to compare all these
approaches then choosing the appropriate one for each patient.
De Raeve et al. [17] explained that the listening cube approach is
currently used in many countries to plan auditory training sessions
using the patient’s initial capabilities as a starting point. Moving
forward, we will need to test this planning strategy in order to study
its efficiency. Shafiro et al. [16] trained their participants using
environmental sound training, and the subjects benefit from it.
Conversely, in other research, the focus was on training the patient
on phoneme identification [15], or on speech tracking method [7].
In both training procedures, there was an improvement in speech
perception. For thisreason, it may be beneficial to use environmental
sound training along with speech identification training or speech
tracking towards the development of the patient’s ability to identify
both sounds, learn the differences between them, and learn to focus
on speech in noisy environments. The speech tracking method
contributes to a significant improvement when used by Bernstein
et al. [6] and Plant et al. [7]. The subjects showed an increase in
both tracking rate and speech recognition. It may be a beneficial

method for training adults with cochlear implants.
Generalization of the results

In all the training methods illustrated in previous studies, it

was difficult to obtain a reliable interpretation of the possibility

of generalization of the results to real-life situations. To optimize
the benefits of training to everyday situations, it may be better to
conduct the experiment in more realistic environments, resembling
everyday listening situations encountered by the patient in
order to maximize the gain from the training. Besides that, using
different stimuli in testing and training helps to detect the specific
effectiveness of the training [3] while making sure that the patient
is not showing advancement only from the repetition.

Tracking the improvement

Additionally, it is important to test the patient’s improvements
over the course of the training to avoid proceeding with the program
when the patient is not benefitting. In this case, the training tasks
or the difficulty level will be adjusted, or the duration increased,

according to each situation.
Duration of auditory training

Concerning the duration of the training, the majority of the
previous findings conducted trainings for a short period of time;
five days of training for participants in the study of Fu, et al. [11], six
weeks of training in the research performed by Miller, etal. [22] and
four weeks of training with Ingvalson et al. [19]. However, Plant et
al. [7] studied the effect of speech tracking clinician-based training
over a period of three years. The patient’s monitored indicators
significantly improved over this period in both tracking rate and
speech recognition. Therefore, it may be convenient to provide the
patient with a long-term auditory rehabilitation regimen; however,
the duration should depend on the degree of improvement, hence
the importance of tracking the patient’s advancement in parallel

with the training.
Participants selection

Last but not least, training normal-hearing listeners with a
shifted speech may not be a suitable way because the training could
have positive outcomes for those participants, while it could not
be generalized to cochlear implant patients especially for patients
with an extended period of deafness.

Previous studies limitations

Some of the most witnessed limitations in previous studies
were the small sample size adopted, as well as the heterogeneity
between the participants. For this reason, a task for future work
will be to conduct a cohort study with an increased sample
size like in the case of Fu, et al. [3] with the least heterogeneity
possible between the participants, to assess the actual benefit of
auditory training in a limited subset of population. In addition, as
was mentioned before, the training should be conducted in more
realistic real-life situations for better generalization of results.
A period without intervention should also be integrated, and
then the patient is tested to see the possibility of retention of the
improvements. Finally, limited research investigated the different
training protocols, which is an important task for future works [4].
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Conclusion

In summary, the findings from this systematic review provide
promising outcomes for the future of auditory training for cochlear
implant users. Although less benefit was obtained from some
training strategies compared to others, it is believed that auditory
training, when chosen specifically according to each patient’s
needs, can enhance speech understanding for adult cochlear
implant users. From the analysis of the previous studies, the
characteristics underlying the success of auditory training may be
an extended training period adequate for each implanted, training
in more realistic situations while tracking the improvement, and
the training duration with a combination of clinician-directed
training and computer-based home training if possible. Thus, with
practice and consistency, auditory training might be a crucial step
to take full advantage of the implant in preparation for a hearing
experience with the least limitation possible.
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