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ABSTRACT

Hearing aid devices alone do not adequately compensate for
sensory losses despite significant technological advances in digital
technology. Overall use rates of amplification among adults with
hearing loss remain low, and overall satisfaction and performance in
noise can be improved. Although improved technology may partially
address some listening problems, auditory training may be another
alternative to improve speech recognition in noise and satisfaction with
devices. The literature underlying auditory plasticity following place-
ment of sensory devices suggests that additional auditory training may
be needed for reorganization of the brain to occur. Furthermore,
training may be required to acquire optimal performance from devices.
Several auditory training programs that are readily accessible for adults
with hearing loss, hearing aids, or cochlear implants are described.
Programs that can be accessed via Web-based formats and smartphone
technology are reviewed. A summary table is provided for easy access to
programs with descriptions of features that allow hearing health care
providers to assist clients in selecting the most appropriate auditory
training program to fit their needs.
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Learning Outcomes: As a result of this activity, the participant will be able to (1) identify the range of

features in auditory training programs for computers and for smartphone technology and (2) describe methods

of using auditory training throughout the rehabilitation process.

1Department of Rehabilitation Sciences, University of
Kentucky, Lexington, Kentucky.

Address for correspondence: Anne D. Olson, Ph.D.,
Department of Rehabilitation Sciences, University of Ken-
tucky, Room 124J Wethington Building, 900 South Lime-
stone Street, Lexington, Kentucky 40536-0200
(e-mail: aolso2@uky.edu).

Auditory Training: Consideration of Peripheral, Central-
Auditory, and Cognitive Processes; Guest Editor, Jill E.
Preminger, Ph.D.

Semin Hear 2015;36:284–295. Copyright # 2015 by
Thieme Medical Publishers, Inc., 333 Seventh Avenue,
New York, NY 10001, USA. Tel: +1(212) 584-4662.
DOI: http://dx.doi.org/10.1055/s-0035-1564461.
ISSN 0734-0451.

284

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

mailto:
http://dx.doi.org/10.1055/s-0035-1564461


Audiologists and other hearing care pro-
fessionals continue to dispense hearing aids as
the primary intervention for age-related hear-
ing loss. In 2013, hearing aid sales worldwide
increased an estimated 5%,1 with the most total
units dispensed in theUnited States followed by
Germany, Japan, China, and Great Britain.
Given that an estimated 40% of dispensed
devices may not be used effectively or not
used at all,2,3 clinicians likely wonder what
else could be done to improve actual uptake
and effective use of devices. The focus of this
article will be on auditory training options that
may enhance the uptake, utilization, and satis-
faction of hearing aids among clients.

Auditory training can be defined as a
purposeful and systematic presentation of
sounds such that listeners are taught to make
perceptual distinctions about those sounds.4

Although some studies have shown that audi-
tory training results in improvements in speech
understanding,5–7 only an estimated 10% of
audiologists recommend auditory training for
their clients.8 Although the lack of time and
reimbursement are primary factors underlying
this practice pattern, another factor is the lack of
compelling research reflected by two systematic
reviews.9,10 Both of the in-depth reviews con-
cluded that individuals improve on the tasks on
which they are trained. Although outcomes for
untrained measures following training are sig-
nificant, reported improvements are small.
However, individual differences have been re-
ported such that some persons obtain greater
benefit from training than others. Compliance
with training protocols has been identified as a
major contributor that explains some of this
variability.11,12 Additionally, some variables
such as a greater perception of hearing handicap
and a greater degree of hearing loss,13 as well as
shorter duration of hearing aid use,6,14 have
been predictive of improved overall outcome.

Auditory training has historically been pro-
vided in a face-to-face setting that centers on a
range of auditory skills including detection,
discrimination, identification, and comprehen-
sion.15 These auditory skills can be trained using
various stimuli such as syllables, words, phrases,
sentences, and connected discourse. Presenta-
tion of paired sound contrasts using drill-like
activities are described as analytic therapy activ-

ities, whereas sentence identification or para-
graph comprehension activities are synthetic in
nature.4 Training often incorporates both types
of synthetic and analytic training activities.
Although access to auditory training has been
limited in previous decades, innovations in
technology have advanced intervention options
in our digital world. Many auditory training
programs are available not only through down-
loadable computer-based programs, but also
through Web-based formats and even through
mobile smartphone applications.

There is an increased recognition that
patients need to be more involved in their aural
rehabilitative process and provided with options
for improving their overall auditory skills.16 As
the range of intervention formats increases,
health care providers encounter ongoing chal-
lenges to keep pace with options. Clients are
known to seek the Internet for additional
methods of managing and coping with their
hearing loss beyond amplification alone.17 In
fact, many older adults may be doing so before
they even contact an audiologist.18 Therefore,
the purpose of this article is to review currently
available auditory training options for individ-
ual use by adults. To date, no such summary has
been provided in a single publication. By sum-
marizing program options, including the evi-
dence underlying effectiveness, clinicians can
direct clients to self-management resources
targeted for improving speech understanding
that may best suit an individual’s needs.

METHODS
Two searches were conducted to identify cur-
rent auditory training programs in January 2015
and again in February 2015 by reviewers (the
author and a graduate research assistant). One
search was completed to identify the current
computer-based auditory training programs
through search engines such as PubMed, EBS-
COHost,Web of Science, and Google Scholar.
Search terms included auditory training, com-
puter auditory-based training, and hearing
training for hearing loss. Known training pro-
grams and their associated Web sites were also
reviewed. A second search was completed to
identify mobile auditory training smartphone
applications (apps) through the Google Play
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store and the Apple App Store. Search terms
used for the app search included; auditory
training, speech perception training, hearing
training, sentence training, and consonant
and or vowel training.

Programs that met the following inclusion
criteria; (1) were readily available and operable
after downloading, (2) were appropriate for
adult populations, (3) incorporated speech (sen-
tence, word, or phoneme) stimuli, and (4)
provided empirical evidence or some indication
of evidence-based strategies related to auditory
teaching and learning, were fully reviewed.
These inclusion criteria were deemed important
for several reasons. First, whereas many pro-
grams were initially identified, several were not
actually usable when reviewers tried to open and
operate them. Furthermore, several apps iden-
tified had limited or no reviews, or had not been
updated in several years. Second, programs that
were targeted for children were excluded as they
could be viewed as juvenile and therefore de-
motivating for adult use. Third, programs that
used speech stimuli were judged to have more
ecological validity in relation to understanding
of speech. Furthermore, training with speech
stimuli has been shown to promote improved
speech perception particularly for cochlear im-
plant users.19 Therefore, programs that focused
on frequency discrimination or pitch matching
were eliminated from this review. Although
specific evidence was located for many comput-
er-based training programs, there was no evi-
dence to support mobile app programs.
Therefore, the apps were reviewed for their
inclusion of at least some attribute related to
effective auditory training as discussed by Wat-
son and colleagues.20 This group of experts in
auditory perceptual learning outlined five criti-
cal attributes that are essential to effective
training of speech recognition and include the
use of timely feedback after each response, the
availability of a large set of training stimuli by
multiple speakers, options for training on spe-
cific phonemes that are difficult for an individ-
ual, inclusion of both analytic and synthetic
activities, and a curriculum that tracks perfor-
mance so that listeners continue to complete the
training program. Given that apps will be
limited in relation to storage capacity, apps
were only expected to include one of the

attributes related to effective auditory learning
as described previously.

Programs meeting the inclusion criteria
were further evaluated by reviewers for their
usability for adults over 50 years of age. Usabil-
ity was believed to be important to determine
how likely an individual may be able to interact
with various programs. For example, some
research suggests that programs should use clear
visual designs with adequate font and color
contrast.21 In addition, simple instructions
should be provided in a logical, organized
format to promote independent navigation
especially for adults. To evaluate usability of
mobile apps and computer-based training pro-
grams, selected questions from the System
Usability Scale (SUS)22 were included in the
present review. The SUS is a widely used scale
to quickly assess the usability of various devices.
A summary of the selected questions considered
from the SUS is provided (Table 1).

RESULTS

Mobile Smartphone Auditory Training

Apps

The total number of different apps found was
127 for iPhone, iPad, Macintosh, and An-
droid systems. All apps were reviewed for
applicability based on inclusion criteria.
Four apps met the in-depth inclusion criteria
and are shown in Table 2. All apps were either
available free or at a low cost. A Quick
Response (QR) code was generated for the
Web site associated with the mobile app
access citation. Language options and unique
attributes also are described. Although all
apps incorporated evidence-based features
related to auditory learning (i.e., use of feed-
back, opportunity to repeat a stimulus, or
client selection of difficult training stimuli),
no app included evidence-based research to
support its actual use. The exception to this
was the Angel Sound app that was derived
from the more extensive computer training
Angel Sound program. This program evolved
from the computer-assisted speech training
program developed at the House Ear Insti-
tute, which has been the source of several
auditory training studies with adults.23,24
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Thus, although the Angel Sound app itself
does not have any specific empirical findings,
its origins do.

Computer Auditory Training Programs

Nineteen different auditory training programs
were identified. From this set, all programs
were reviewed for applicability based on inclu-
sion criteria. Some programs were eliminated
because they did not relate directly to auditory
training (i.e., lipreading training) or the pro-
gram was still being used for research purposes
and thus not available for consumer use. Of
these, nine programs were found for in-depth
review and are shown in Table 3. Seven of the
nine computer-based training programs had at
least one research study that contributed to its
evidence base. Two programs eARena and AB
CLIX, developed by a hearing aid and cochlear
implant company respectively, cite only internal
studies. Many programs such as Listening and
Communication Enhancement (LACE),12,

Angel Sound,23,25 and ReadMyQuips12 allow
clients to train at home at their leisure and are
self-directed. Others require more clinician-
directed training such as Seeing and Hearing
Speech,26–28 Speech Perception Assessment
and Training System for the Hearing Im-

paired,29,30 or Kungliga Tekniska Högskolan
(KTH) Speech Tracking.31 The Computer-
Assisted Speech Perception Testing and Train-
ing at the Sentence Level (CasperSent) can be
configured for self-directed or clinician-direct-
ed use.32,33 Some programs provide training
only by means of auditory stimuli (LACE,
Angel Sound, eARena, KTH Speech Track-
ing), whereas others use both auditory plus
visual training (Seeing and Hearing Speech,
ReadMyQuips, CasperSent and AB CLIX)
options. Programs varied in availability of lan-
guage, cost, targeted auditory skill(s), type of
stimuli, and the number of speakers used during
training. Comments also are provided related to
usability as previously described (see Table 3).
QR codes were also generated for the Web site
associated with the particular program.

DISCUSSION
Overall, computer training or Web-based pro-
grams had a larger range of stimuli available
than the stimuli available in mobile apps. For
example, the Angel Sound computer program
has over 10,000 stimuli and the app version has
�2,000. Although memory for storage is clearly
an issue in mobile app technology, a take-home
message here is that the apps will have a

Table 1 System Usability Scale (SUS) Applied to Auditory Training Programs

Attribute Description

Characteristic

1 2 3 4 5 Comments

Clarity of visual layout Provides adequate font

and color contrast

Instructions Directions are simple to

follow and promote in-

dependent navigation

Need for general

training

Need general instruc-

tion in use of the sys-

tem prior to

independent use

Need for specialized

training

Need specialized in-

struction in use of the

system prior to inde-

pendent use

Note: The scale was used as a worksheet by reviewers for all computer- and Web-based programs and all
smartphone mobile apps that met inclusion criteria for use by adults over the age of 50. Scores range from
1 ¼ strongly disagree to 5 ¼ strongly agree.
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different application than the computer pro-
grams. For example, a provider could introduce
clients to the concept of auditory training
through the apps given their modest cost. Based
on interest and need, further training options
through computer training programs could be
described.

The research base of computerized pro-
grams is also more extensive in comparison to
mobile app programs. Many computer pro-
grams were developed in laboratories whose
purpose was to create and evaluate training
paradigms related to scope, duration, and ma-
terials for training.29,34 For example, a series of
studies conducted at Indiana University identi-
fied that complex speech stimuli and training
with multiple speakers yielded greater improve-
ments in speech understanding in noise than
training with simple stimuli or with a single
speaker. Additionally, they concluded that
training should be at least 15 hours in duration
before generalization is observed.5,35–37 The
development of commercial programs expand-
ed auditory training options and additional
research about these products. Therefore, it is
not surprising that the research underlying
computer-based programs is fairly extensive at
this time. However, clinicians should be mind-
ful that the outcomes related to this research
base will likely vary for individual clients.

In contrast, very little is known about
mobile apps at this time, suggesting that clini-
cians should proceed with caution in recom-
mending these as interventions. For example, it
is unclear if the delivery of sound through
mobile phones is adequate for hearing aid and
cochlear implant users. Additionally, there may
be unwanted noise within smartphone technol-
ogy that creates additional distortion. The
visual layout on a smartphone is small, and
even with large font, may not be adequate for
adults over 50-years-old.

Despite these possible limitations, mobile
apps may offer unique opportunities for pa-
tients. Considering that the investment for the
apps described here is extremely low or free and
that access to either smartphones or iPads is
fairly common, this type of training is a low-
cost option for patients. Several possible clinical
applications are envisioned. One would be to
encourage adults to explore apps when hearing

loss first presents. A recent study by Ferguson
and colleagues showed that phoneme discrimi-
nation training improves speech perception for
persons with hearing loss who are not yet using
amplification.38 Therefore, audiologists could
recommend auditory training for clients with
hearing loss before they acquire amplification.
Another option is for audiologists to have the
apps available on a smartphone for demonstra-
tion of auditory training during an initial hear-
ing aid fitting or implant mapping. This way,
patients become informed about the potential
need for more training beyond amplification.
Educating clients that additional effort may be
required to maximize hearing aid or cochlear
implant performance would facilitate setting
appropriate expectations for clients. Holding
amore in-depth discussion about training could
be completed at follow-up appointments. Thus,
providing a gradual increase in information
about auditory training early in the rehabilita-
tion process, even before hearing aid acquisi-
tion, might be valuable in setting expectations
for devices. If clients understand that additional
training may be necessary to obtain optimum
performance from amplification, they may be
more satisfied with their devices or become
more motivated to complete training to im-
prove their own performance. In addition,
including education about auditory training
throughout the rehabilitative process would
be consistent with client needs as theorized
by the Stages of Change model related to health
behavior change.39 In this model, information
and education is important in actually shaping
behavior. Therefore, informing and educating
clients about options beyond device function
and operation could be an important contribu-
tion toward improving the uptake of rehabili-
tative steps such as auditory training. The
training programs summarized here provide
clinicians with a tool for informing clients about
the various characteristics of rehabilitative
training options. As such, this table may help
the clinician facilitate a conversation with cli-
ents about the most appropriate training pro-
gram to complement a client’s interests and
needs.

There is an increased recognition of the
role of patient-centered care in aural rehabili-
tation.40 An important theme emerging from
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this body of knowledge is that audiologists need
to consider clients as individuals and adjust
rehabilitation and service to their particular
needs. Although many of us will do this related
to device selection, we also should do this in
relation to auditory training options. Many
other health-related areas have already begun
to study the use of apps in areas such as mental
health,41 treatment for posttraumatic stress dis-
order,42 smoking cessation,43,44 and self-report-
ing for diabetes and weight management.45,46

Therefore, the provision of information related
to self-management of hearing loss through use
of apps also would provide more patient-cen-
tered care as described previously and potentially
improve retention and satisfaction with devices.

Limitations

Any review of mobile apps could be outdated by
the time of written publication. The reviews
focused on iOS and Android, and currently
available apps for other operating systems were
not considered. The usability scale was gener-
ated for the purposes of this review and has not
been peer reviewed or assessed for psychometric
qualities. However, the scale was derived from a
widely published usability scale.47 The com-
ments provided in the table are impressions
formed by the author in collaboration with a
graduate student. Although limited in applica-
tion, the concept of usability is critical for older
adults and should be integrated in future de-
scriptions of programs and research studies
evaluating auditory training for adults.
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