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ABSTRACT

More than a decade after Arthur Boothroyd published “Adult
Aural Rehabilitation: What Is It and Does It Work?,” the four
cornerstones of adult aural rehabilitation are re-examined in terms of
research that we and others in the field have undertaken. The focus is on
novel advances in high-quality research relating to interventions to
support self-management for hearing aids and other listening devices
(sensory management), knowledge and skill (instruction), auditory and
cognitive training (perceptual training), and motivational engagement
(counseling). Much of this new research has a theoretical underpinning
(e.g., behavior change theory) to better guide the development and
evaluation of interventions, with a focus on self-management and
patient-centered approaches. New and emerging technologies that
support e- and m-health delivery of interventions provide greater
personalization and interactivity to promote self-management of hea-
ring loss. Looking to the future, there remains a requirement for a set of
relevant and appropriate outcome measures to evaluate the effectiveness
of interventions trialed in clinical studies. There is a continuing need for
high-quality evidence, underpinned by contemporary theory, to increase
the likelihood that translational adult aural rehabilitation research that
aims to benefit patients will be applied in future clinical practice.
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In 2007, Arthur Boothroyd published his
well-cited article entitled “Adult Aural Reha-
bilitation: What Is It and Does It Work?”1

Using the World Health Organization’s
(WHO’s) terminology,2 Boothroyd’s definition
described adult aural rehabilitation as “the
reduction of hearing loss-induced deficits of
function, activity, participation and quality of
life through sensory management, instruction,
perceptual training, and counselling” (p. 63).1

He concluded that a holistic approach combi-
ning sensory management, instruction, percep-
tual training, and counseling best met the goal
for adult aural rehabilitation, and highlighted a
need for high-quality evidence.

Here, we turn the clock forwardmore than a
decade and examine these four cornerstones of
adult aural rehabilitation to improve auditory
function, activity, participation, and quality of
life for people with hearing loss in terms of
research that we and others in the field have
conducted. Self-management and behavior
change are at the core of many of these inter-
ventions. We focus on the need for high-quality
research to provide rigorous evidence to inform
clinical practice, highlight the emergence of
theories to underpin aural rehabilitation research
and self-management, and endwith the require-
ment to have a set of relevant and appropriate
outcome measures to evaluate the impact of
interventions trialed in clinical studies.

SELF-MANAGEMENT: WHAT IS IT?
Hearing loss is a highly prevalent condition,
ranked fourth in years of living with disability.3

Globally, 466 million people have disabling
hearing loss, estimated to be over 900 million
by 2050.4 In the United Kingdom, one in six of
the population has hearing loss, with prevalence
similar to countries such as Australia and the
United States, and even higher in certain
regions, such as south Asia and sub-Saharan
Africa.5 Hearing loss is a long-term condition,
and with an increasingly aging population, this
places ever-increasing demands on health and
social care provision.6 Self-management of
long-term conditions can enhance the effi-
ciency of health and social care provision.
Furthermore, those with long-term conditions
who play a role in their day-to-day manage-

ment, and who are appropriately motivated and
actively participate in their care, are more likely
to adopt better health behaviors that lead to
better patient outcomes.7

Self-management is defined by the U.S.
Institute of Medicine (now part of the National
Academies of Science, Engineering, and Medi-
cine) as “the tasks that individuals must under-
take to live with one or more chronic conditions.
These tasks includehaving the confidence to deal
with medical management, role management,
and emotional management of their condi-
tions.”8 Self-management focuses on behaviors
relating to a specific health condition, which
differs from self-care that has a broader context
relating to behaviors to maintain good general
health.6 A recent meta-review has identified five
distinct components of self-management,9

shown in Table 1. In terms of interventions to
support self-management, a taxonomy of self-
management support describes a 14-item system
that classifies the components of interventions.
This includes four elements: mode of delivery;
personnel who deliver the support; target of the
intervention; and intensity, frequency, and dura-
tion of the intervention.6

Within audiology, there is growing aware-
ness of the value of digital and onlinemethods to
assess, screen, diagnose, andmanage people with
hearing loss.10 Telehealth encompasses teleme-
dicine (remote diagnosis and treatment of
patients using telecommunications technology),
e-health (healthcare practice that is supported by
electronic processes), and m-health (delivery of
healthcare bymobile technologies, such as smart-
phones and tablets using wireless technology). In
particular, the rapid growth in the use of mobile
technologies globally has seen numerous deve-
lopments in m-health. Advantages include grea-
ter accessibility, interactivity, and personalization

Table 1 Core components of Self-management
of Long-term Conditions (LTCs)9

Provision of education about the LTC

Psychological strategies to support adjustment to life

with a LTC

Strategies specifically to support adherence to

treatments

Practical support tailored to the specific LTC

Social support as appropriate
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of e-health andm-health tools alongside delivery
of tools and services at low cost,10 all of which can
lead to improvements in self-management of
hearing loss. There are an increasing number of
technological developments within adult aural
rehabilitation, many of which are highlighted in
this article, and some of which are likely to be a
“game-changer” in terms of how services are
delivered in the future.

EVIDENCE-BASED PRACTICE AND
THE NEED FOR HIGH-QUALITY
RESEARCH
Evidence-based practice in healthcare stems from
evidence-based medicine that was introduced in
the mid-1990s,11 and provides an interdiscipli-
nary approach to clinical practice.Evidence-based
practice integrates individual clinical expertise,
patient values, and preferences, alongside the best
available clinical research evidence12 to guide
clinical decision-making and procedures. A hie-
rarchy of evidence, core to the principle of
evidence-based practice, ranks studies based on
the rigor of the research methodology. Typically,
expert opinion is the lowest form of evidence
leading through to case studies, cohort studies,
randomized controlled trials (RCTs), with syste-
matic reviews that include meta-analyses provi-
ding the highest level of evidence.

Research evidence is more likely to have an
impact on clinical practice when the evidence
provided is comprehensive and of high quality,
such as Cochrane systematic reviews. This is
particularly true when such evidence is incor-
porated into national clinical guidelines. For
example, in the United Kingdom, the National
Institute for Health and Care Excellence
(NICE) develops guidelines that provide clini-
cal recommendations to inform decision-
making in the publicly-funded National Health
Service (NHS), with the aim of improving the
quality of healthcare. NICE guidelines are
based on a series of systematic reviews that
address important research questions relating to
specific clinical conditions, and also may exa-
mine cost-effectiveness. Typically, only RCTs
are included to evidence clinical effectiveness.
NICE guidelines on “Hearing Loss in Adults:
Assessment and Management” were published
in 2018.13

Although RCTs provide high-level evi-
dence, they usually cannot be conducted
without preliminary development and feasibi-
lity or pilot work to inform them. To do so can
result in poorly defined interventions that are
difficult to evaluate, and are less likely to be
implemented into clinical practice. Guidance
on developing and evaluating complex inter-
ventions has been provided by the United
Kingdom’s Medical Research Council.14 This
framework describes a process from develop-
ment through to implementation that includes
four main stages: (1) development, identification
of the evidence-base, underpinning theories
and process; (2) feasibility/piloting, testing pro-
cedures, estimating recruitment and retention,
determining sample size; (3) evaluation, asses-
sing effectiveness, understanding change pro-
cess, assessing cost-effectiveness; and (4)
implementation, dissemination, surveillance
and monitoring, long-term follow-up. We are
increasingly using this framework to develop
our research program.15,16

THEORETICAL UNDERPINNING TO
SUPPORT DEVELOPMENT OF
INTERVENTIONS
Development and evaluation of an intervention
based on theory is more likely to lead to an
effective intervention than using an empirical or
pragmatic approach.14 A theoretical underpin-
ning can provide an understanding of how an
intervention might affect change in terms of
what might be expected and achieved. Building
on four decades of work in the field of health
psychology, audiology has in recent years focu-
sed on some of the more popular models to
understand, predict, and promote health-rela-
ted behavior.17 These include the Health Belief
Model,18 the Transtheoretical Model,19 and
the Theory of Planned Behavior20 (for review,
see the article by Coulson et al17).

While it has been a positive development to
see these models used to guide research within
audiology, there is a well-developed body of
literature in the field of health psychology to
suggest that these models do not, and cannot,
reliably explain the variability in health beha-
viors.21 To address the limitations, a new
approach has been developed that has at its
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core a psychological model of human behavior,
the COM-B system of health behavior
change.22

The Behavior Change Wheel is an over-
arching framework, specifically developed to
characterize behavior change interventions
and link them to the analysis of the target
behavior.22 The COM-B system forms the
“hub” of the Behavior Change Wheel, with
core components predicting behavior via capa-
bility, opportunity, and motivation. Capability
is the individual’s psychological and physical
capacity to engage in the activity, which inclu-
des having the necessary knowledge and skills.
Opportunity considers factors that lie outside of
the individual that make the behavior possible
or prompt it. Motivation considers brain proc-
esses that energize direct behavior, including
habitual processes and emotional responses, as
well as analytical decision-making. The Theo-
retical Domains Framework (TDF)23 enables
theoretical constructs relating to behavior
change to be mapped directly to the COM-B
system. The behavior change technique (BCT)
taxonomy24 enables users to specify the smallest
components of interventions that can bring
about behavior change. In doing so, the BCT
taxonomy provides a common language by
which to develop, define, and report behavior
change interventions in terms of their active
ingredients. Components of the Behavior
Change Wheel, namely the COM-B system,
TDF, and the BCT taxonomy, are being inc-
reasingly utilized in audiological rehabilitation
research to improve understanding of the
underpinning mechanisms of health behavior
change and to theoretically inform intervention
development and assessment.25–27

INTERVENTIONS IN ADULT
AUDITORY REHABILITATIONS
The following sections discuss how the four
cornerstones of adult aural rehabilitation have
developed over the previous decade. In parti-
cular, we draw on our own research strategy,
shown in Fig. 1. The three primary areas of
research are e-health and self-management,
listening devices, and listening and cognition.
The areas of research are underpinned by core
principles of optimal intervention, delivery

methods, health behavior (primarily the
COM-B system of health behavior change),
and patient-centered approaches. Our research
focuses primarily on adults with mild to mode-
rate hearing loss (MMHL), which make up the
largest group of those with hearing loss (92%).28

SENSORY MANAGEMENT

Hearing Aids

Hearing aids are the main intervention for
adults with hearing loss.29 Based on the
WHO International Classification of Functio-
ning, Disability and Health (ICF) Core Set for
Hearing Loss,30 hearing aids reduce auditory
deficits associated with body structure and
function (i.e., hair cell damage). Hearing aids
subsequently aim to reduce activity limitations,
and ultimately aim to improve participation
restrictions in an individual’s everyday life.31,32

In 2007, Boothroyd1 highlighted that the
use of hearing aids to improve participation was
“often assumed rather than confirmed.” That
same year, Chisolm and colleagues32 published
a landmark systematic review with a meta-
analysis that aimed to address this by evaluating
the published evidence on the effectiveness of
hearing aids for adults with sensorineural hea-
ring loss. The review reported on 16 studies,
including RCTs and non-RCT designs. There
were only two RCTs that could be included in
the meta-analysis, and only one RCT that

Figure 1 Research strategy for our mild to mode-
rate hearing loss program. Rectangles represent the
primary international research and the dark gray
circles represent the underpinning principles.
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randomized the whole participant sample.33

The review concluded that although there
were no demonstrable benefits of hearing aids
to generic health-related quality of life, there
was a medium to large beneficial effect to
hearing-specific health-related quality of life.

In 2015, a Cochrane review on hearing aids
for adults with MMHL28 was prompted for
two reasons. First, the Chisolm systematic
review32 included only studies published up
until 2004; so more than a decade on, the
time was right to update the published evi-
dence. Second, in 2014 several UK NHS cli-
nical commissioning groups were considering
withdrawing the free provision of hearing aids
for adults with MMHL. There was therefore a
clear need to have high-quality, up-to-date
evidence on the effectiveness of hearing aids
in adults with MMHL to inform clinical and
healthcare commissioning decision-making.

A protocol was developed following the
strict guidelines laid down by the Cochrane
collaboration;34 only RCTs were included. The
control groups used either no hearing aids or
placebo hearing aids programmed to deliver no
effective gain. The primary outcome was hea-
ring-specific health-related quality of life, with
participation as the key domain. Secondary
outcomes were generic health-related quality
of life and listening ability. Five RCTs were
included up to March 2017 with a total of 825
participants. Data from three RCTs were inc-
luded in the meta-analyses, which demonstra-
ted that hearing aids for adults with MMHL
provided (1) a large beneficial effect on hearing-
specific health-related quality of life, with
moderate quality evidence; (2) a small but
significant beneficial effect on generic health-
related quality of life, with moderate-quality
evidence; and (3) a large beneficial effect on
listening ability, with moderate-quality evi-
dence (Fig. 2). There were no reports of adverse
effects within any of the included RCTs, so this
was rated as very-low-quality evidence.

The Cochrane review confirmed the conc-
lusion relating to improvements in hearing-
specific health-related quality of life reported
by Chisolm et al,32 and also demonstrated that
hearing aids were effective in improving generic
health-related quality of life and listening ability,
which had not been shown previously. Import-

antly, the level of evidence for each outcome
domain was rated as moderate (from categories
of high,moderate, low, very low).This is unusual
as relatively few systematic reviews reportmode-
rate or high quality evidence. The Cochrane
review concluded that “hearing aids are an
appropriate intervention, and the evidence is
compatible with hearing aids as the first-line
management option in those who seek help for
hearing difficulties.”28ThisCochrane reviewhas
been used to inform the clinical evidence for the
NICE guidelines on hearing loss leading to the
recommendation to “Offer hearing aids to adults
whose hearing loss affects their ability to com-
municate and hear.”13 Furthermore, a health
economic analysis showed that hearing aid ver-
sus no hearing aid was cost-effective. The
incremental cost-effective ratio was £4,102
GBP (� $5,759 USD) per quality-adjusted
life year (QALY) gained, falling firmly within

Figure 2 Forest plots of hearing aids vs. no/placebo
hearing aids for (A) hearing-specific health-related
quality of life, (B) health-related quality of life, and
(C) listening ability. (Modified from the original
publication28).
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the threshold for cost-effective interventions for
use within the NHS, which is set at £20,000
GBP (� $28,076 USD) per QALY. Another
recent Cochrane review,35 which was also used
to inform theNICEguidelines, reports that self-
management to support hearing aid users impro-
ves participation and communication.

Alternative Devices to Hearing Aids

Despite being shown to be clinically and cost-
effective,28 the majority of people who could
benefit from using hearing aids do not access
them.36–38 For those who do obtain hearing
aids, estimates of nonuse range from 3 to 24%.28

A commonly reported reason for not using
hearing aids is that difficulties are still expe-
rienced when listening to and understanding
speech in noisy situations.39 In 2007, three
techniques existed to address this difficulty:
noise reduction, directional microphones, and
remote wireless microphones. Ten years on,
there has been a proliferation of technological
innovations, including personal sound amplifi-
cation products (PSAPs) and smartphone “hea-
ring aid” apps that work via wired or wireless
earphones. Of particular interest are hearing
aids that now connect wirelessly via Bluetooth
to smartphones and tablet computers. Accessi-
bility to smartphone technologies for the typical
first-time hearing aid user is steadily improving.
In the United Kingdom, the over 55-year-old
group is experiencing the fastest year-on-year
rise in smartphone ownership than any other
age group, increasing more than threefold from
19% in 2012 to 71% in 2017.40

Conventional hearing aid programs need
to be adjusted by a trained audiologist using
specialist equipment in the clinic. By compa-
rison, smartphone-connected hearing aids can
be fitted and adjusted by the audiologist remo-
tely, without the need for the user to visit the
clinic. These devices allow the user to personal-
ize their programs, such as adjusting the gain
and frequency response, via an app in any
listening situation. There are also additional
benefits, such as not requiring additional assis-
tive listening devices to stream telephone con-
versations as the smartphone can be used as a
remote microphone. These additional functio-
nalities enable the potential for alternative

service delivery models that could increase
accessibility and affordability of hearing health-
care for adults, identified as a high-priority need
in the United States.41–43

But what is the evidence for these new
alternative devices compared with conventional
hearing aids?We conducted a systematic review
to assess the effectiveness of a range of alter-
native listening devices (e.g., smartphone “hea-
ring aid” app, PSAP, hearable, smartphone-
connected hearing aid, assistive listening
device) based on a published protocol.44 The
review evidence showed that alternative listen-
ing devices improve speech-in-noise perfor-
mance compared with unaided and/or
conventional hearing aids. However, evidence
for whether alternative listening devices
improve hearing-specific health-related quality
of life, generic health-related quality of life, and
listening abilities is inconsistent. Using the
Downs and Black quality assessment,45 we
rated the quality of each study as either poor,
fair, good, or excellent. Current evidence in this
area is poor-to-good quality and subject to bias
due to limitations in the study design.44,46

Based on the principles of evidence-based
practice, we therefore recommend the need
for high-quality evidence, namely RCTs, in
this area.

To begin to address this, and in accordance
with the UK Medical Research Council’s gui-
dance for evaluating complex healthcare inter-
ventions,14wehave completed amixed-methods
development study to better understand how
smartphone-connected listening devices ope-
rate.16,27 The usability of smartphone-connec-
ted listening devices in their everyday lives was
assessed in adults with MMHL. Results from
semistructured interviews were considered in
relation to the COM-B system, whereby the
behavior of interest was the use of listening
device to self-manage hearing loss (Table 2).
All participants valued the ability to personalize
and adjust their own hearing programs to
meet their individual needs and preferences. In
addition, users of smartphone-connected hea-
ring aids reported that these devices were less
stigmatizing and provided them with a greater
sense of control, resulting in less frustration,
greater participation, and greater device
use.16,27 Thus, the additional functionalities
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provided by smartphone-connected hearing aids
empower patients to take a more active role in
managing their own hearing healthcare, which
are likely to result in improved outcomes.

This work lays the foundation for a clinical
trial to assess the clinical- and cost-effectiveness
of smartphone-connected hearing devices,
which is in line with one of the research recom-
mendations in the NICE guidelines for hearing
loss.13,47 Furthermore, given changes in U.S.
legislation concerning the Over-the-Counter
HearingAidAct of 2017,which aims to improve
accessibility and affordability to hearing health-
care, we also plan to assess smartphone-connec-
ted hearing aids in the context of self-fitting and
over-the-counter (OTC) service delivery
models.43,48 We propose that smartphone-con-
nected listening devices could complement
OTC hearing aid delivery practices, allowing
users to adjust and personalize their hearing aid
programs to support self-management, poten-
tially resulting in improved device benefit and
satisfaction. Furthermore, we recognize that
appropriate education and support will be para-
mount for optimal use of listening devices.

KNOWLEDGE AND SKILL
Knowledge of hearing aids and communication
strategies in patients, non-audiological health-
care professionals, and the general public is
poor.49 Many first-time hearing aid users
have difficulties using their hearing aids, and
report they did not know or could not remem-

ber how to use them.50 Even experienced hea-
ring aid users have reported difficulties using
their hearing aids.51 Good-quality information
is core to self-management of hearing loss,35

and is reflected in UK national clinical guideli-
nes (e.g., NICE, BSA).13,52

Since 2007, there have been several deve-
lopments providing better information and edu-
cation for hearing aid users, such as
communication programs,53 modified hearing
aid user guides,54,55 and educational programs
delivered by telephone56 or the Internet.57 In
termsof delivery, aCochrane review58 found that
multimedia education about medication deli-
vered via DVD/PC was more effective than
traditional education alone (oral/written instru-
ctions) at increasing knowledge and skills around
medication use. We have developed a multime-
dia educational program (C2Hear) that contains
a series of interactive video tutorials (or reusable
learning objects RLOs). C2Hear was developed
using a participatory approach involving hearing
aid users and hearing healthcare professionals to
ensure it meets the needs of the end-users.59

C2Hear is underpinned by learning theory that
posits that learning is greatest when the learner
actively engageswith the educationalmaterials.60

RLOs include (1) visual illustration of concepts,
(2) activity and engagement with content, and
(3) self-assessment.61

C2Hear was evaluated in a high-quality
RCT of 203 first-time hearing aid users.15,62

The RLOs were delivered by DVD for TV
(15.2%) or PC (50.6%), or via the Internet

Table 2 Summary of Key Findings Assessing the Usability of Smartphone-connected Listening
Devices in Relation to the COM-B System

Smartphone-connected

listening device

Capability Opportunity Motivation

Smartphone-connected

hearing aid

U

Easy to use and adjust

U

Improved participation

U

Control and confidence
Personal sound amplification

product (PSAP)

X

Difficult to use and adjust

?

Perceived sound

quality mixed

U

Discreet and less

noticeable
“Hearing aid” application

wireless headphones

X

Difficult to use and adjust

X

Sound delay

intolerable

?

Young and trendy

“Hearing aid” application

wired headphones

X

Difficult to use,

adjust, and pair

?

Helpful in quiet only

X

Self-conscious
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(32.9%), and were shown to be effective across a
range of measures. Post-fitting, there was sig-
nificantly greater hearing aid use (15%) for
those who did not wear their hearing aids all
the time in the RLOþ group compared with
controls. There was significantly better know-
ledge of practical and psychosocial issues, and
significantly better practical hearing aid skills,
in the RLOþ group, with large clinical effect
sizes (ES ¼ 0.83–0.94). The RLOs were rated
as highly useful (9/10, where 0 ¼ not useful,
10 ¼ highly useful). The majority agreed the
RLOs helped their understanding (97%), held
their interest (92%), would be referred to if they
had problems with hearing aids (88%), were
preferable to written information (83%), and
improved confidence (81%). A health economic
analysis showed that the RLOs were a cost-
effective intervention. Take-up and adherence
of RLOs was high (78 and 97%, respectively),
and half of the participants watched the RLOs
two or more times, suggesting self-manage-
ment of hearing aids and communication. The
Cochrane review on self-management of hea-
ring loss35 highlighted that this was the only
intervention shown to encourage the use of
hearing aids.

The early DVD-based platform limited
user interactivity and provided a one-size fits
all solution. Due to the rapid increase in use of
smartphone technologies in the over 55-year-
old group,40 we have since repurposed and
developed the C2Hear RLOs for delivery
through smartphone technologies, known as
m2Hear. These repurposed RLOs, termed
“mobile-enabled RLOs (mRLOs),” were deve-
loped to be delivered via a custom-built web-
based platform. The original RLOs have been
split into short segments and grouped into
relevant short approximately 1- to 2-minute
mRLOs using the TDF, and mapped to com-
ponents of the COM-B system in terms of
which aspects of health behavior they target for
change. The web-based platform enables inc-
reased individualization, interactivity, and inc-
lusivity. Individualization meets the personal
needs of the user, enabling them to directly
select the information that they need and that is
relevant to them. Greater interactivity is sup-
ported by building in activities within the app to
better engage the user and facilitate learning.

Involving communication partners (CPs) in the
learning process leads to greater inclusivity.

A study to assess the communication tactics
RLO after it had been reworded for the general
public rather than patients, and further modified
for a web-based platform, showed interesting
findings when the mRLO was used jointly by
both hearing aid users and aCP.The hearing aid
users found the mRLO useful in highlighting
their own communication challenges to CPs. In
the context of jointworking, themRLOresulted
in novel discussions between CPs and the hea-
ring aid user about communication in challen-
ging situations, and prompted CPs to change
their behavior to help improve communica-
tion.63 C2Hear has been used with non-audio-
logical healthcare professionals, such as
residential care home assistants and nurses.64

Results showed increased learning and practical
skills relating to hearing aids and communica-
tion. Finally, an RCT that investigated the early
delivery ofC2Hear at the assessment rather than
fitting appointment showed a significant inc-
rease in hearing aid self-efficacy in those who
received C2Hear rather than the standard hea-
ring aid booklet.65

The final stage of the Medical Research
Council’s guidelines for developing and evalua-
ting complex interventions14 focuses on disse-
mination. This is not just about academic
publications and presentations, but about
taking research findings into healthcare. In
late 2015, the C2Hear RLOs were further
refined and placed on YouTube, named
C2Hear Online (www.youtube.com/C2Hea-
rOnline). There was a fourfold increase in
unique views in the second year of release,
and the total number of views has exceeded
150,000 views across more than 50 countries.
C2Hear has been developed for the U.S.
audience, and a Chinese version is under deve-
lopment. Further work is ongoing with specia-
lists in implementation science within the
United Kingdom to implement the C2Hear
RLOs into routine clinical practice.

AUDITORY AND COGNITIVE
TRAINING
In 2007, Boothroyd stated that the goal of
perceptual (auditory or audiovisual) training
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was not to target function, but rather to make
better use of that function through enhance-
ment of perceptual skill.1 Yet at that time, the
degree of generalizable benefit to real-world
communication skills was not always clear, and
carryover to participation and quality of life was
typically “assumed rather than measured.”

Although hearing aids are effective,28 users
often face disproportionate difficulties in chal-
lenging everyday situations, such as listening to
speech in background noise.66 Listening to
speech in noise relies not only on peripheral
hearing ability, but also on central auditory
processing and cognition.67 Computer-deli-
vered auditory training is a low-cost self-
management intervention that can be tailored
and made widely available to individuals online
at home and via smartphone technologies. Thus,
auditory training interventions can provide
additional support for hearing aid users without
the need for clinical appointment time, and
increasing access to those who do not or cannot
access hearing healthcare. Effectiveness of audi-
tory training can be assessed by measuring (1)
improvements in performance for the trained
auditory task(s) (on-task learning) and (2) gene-
ralized improvements in untrained tasks (trans-
fer of learning), which can occur on a continuum
from near to far transfer depending on the
degree of overlap with tasks that are trained.
For auditory training to be a successful inter-
vention for people with hearing loss, any on-task
learningmust be generalized to functional bene-
fits in their everyday listening.

In 2013, we published a systematic review
of the literature assessing benefits of computer-
based auditory training for adults with hearing
loss,68 which showed robust evidence for
improvements in performance for trained audi-
tory tasks. However, transfer of learning to
improvements in untrained outcomes of speech
perception, cognition, and self-reported activity
and participation (thus evidence for real-world
benefits that extend beyond the trained tasks)
was highly variable. The published evidence
was shown to be of very low to moderate study
quality, highlighting the need for further high-
quality research. Since this review was publis-
hed, there has been a steady growth in auditory
training research including some high-quality
RCTs.69–71 We are currently updating our

systematic review to include the evidence and
meta-analyze data published since 2013.72

Our own research examining home-deli-
vered auditory and cognitive training interven-
tions for peoplewith hearing loss and hearing aid
users builds on basic principles of neuroplasti-
city73 andperceptual learning74 togeneratehigh-
quality evidence (Table 3). First, we examined
the benefits of a 4-week phoneme discrimination
training program in an RCT of 44 adults with
mild hearing loss who did not use hearing aids.71

Results showed significant posttraining impro-
vements for untrained measures of self-reported
hearing and cognition, in particular those that
index executive function, with moderate effect
sizes (group conversation, d ¼ 0.68; divided
attention, d ¼ 0.53; working memory updating,
d ¼ 0.50). Executive function relates to the
cognitive control processes that enable us to
achieve goals and get things done, for example,
attentional control, working memory, and inhi-
bition.75 Adherence to training was high (80%
completed the requested training duration, with
no dropouts); therefore, we examined partici-
pants’ motivations to train using self-determina-
tion theory76 as an analysis framework. Self-
determination theory is an approach to motiva-
tion concerned with supporting people’s natural
tendencies to behave in effective and healthy
ways.76 Results showed that engagement and
adherence to training was influenced by both
intrinsic (e.g., a desire to achieve higher scores on
the training task) and extrinsic motivation (e.g.,
their hearing difficulties).77

In a second study, we further examined
the benefits of phoneme discrimination trai-
ning in a 1-week repeated measures study of
existing hearing aid users with MMHL, using
a battery of complex speech and cognitive
outcomes. Results showed significant post-
training improvements for a cognitively
demanding listening task (competing speech)
of 2.3 dB signal-to-noise ratio (SNR) with a
moderate effect size (d ¼ 0.47) and improve-
ments for a dual-task of listening and memory
at a challenging SNR (0 dB SNR) with a
moderate to large effect size (d ¼ 0.77), fol-
lowing just 3.5 hours of training.78

In a third study, we asked whether training
cognition directly could offer greater improve-
ments to hearing aid user’s real-world listening79
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using Cogmed working memory training. Cog-
med is a series of 12 adaptive tasks of visual and
verbal working memory that has previously been
reported to result in improved sentence repeti-
tion skills in a pilot study of children with
cochlear implants.80 The RCT of 62 existing
hearing aid users with MMHL allocated parti-
cipants to either an adaptive Cogmed training or
to a nonadaptive version of the same training
protocol (active control). Results showed that
although performance improved significantly for
the trained visual and verbal working memory
tasks, this type of learning did not result in
transfer to generalized improvements in complex
speech perception or cognitive outcomes shown
for our previous auditory training studies. As
such, it may be critical to train the executive
underpinnings of successful speech understan-
ding in context.81 Indeed, published generalized
benefits have been shown to be greatest for
training programs that use combined auditory–
cognitive training tasks.70,82–84

Our current research aims to improve real-
world listening by training cognition embedded
within task-relevant (speech) stimuli using two
purpose-designed auditory–cognitive training
programs. In line with the UK Medical
Research Council guidance for the develop-
ment and assessment of complex interven-
tions,14 we will first assess the feasibility of a
large-scale clinical trial, then, if feasible, run
that trial to examine the benefits of providing
auditory–cognitive training alongside hearing
aids for new patients within the UK NHS.

MOTIVATIONAL ENGAGEMENT
Evidence in other healthcare disciplines has
shown that motivational engagement benefits
patients in areas such as smoking cessation,
alcohol addiction, and drug rehabilitation pro-
grams.85–87 More recently, motivational enga-
gement has been used to enable people with
hearing loss to take an active role in their
management and to express their needs and
preferences. The Ida Institute has developed
motivation tools (line, box, and circle) to faci-
litate collaborative interactions between the
audiologist and the patient. These tools are
based on the theoretical principles underlying
the Transtheoretical Model.19T
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The motivation tools are specifically desig-
ned to guide the audiologist to identify where
the patient lies within the rehabilitation process
so that they can better support, engage, and
coach patients during appointments. The tools
are intended to open a dialogue to facilitate
shared decision making, identify individual
needs, set joint goals, and support self-manage-
ment—all of which are guiding principles of
adult rehabilitation.52

In collaboration with the Ida Institute, we
have developed an ethnographic video of how to
use the motivation tools in clinic (https://youtu.
be/-SK53u6RHZE). In addition, we have con-
ducted a feasibility study based on a quasi-RCT
design in 68 first-time hearing aid users to
establish how the tools can be used in UK
NHS audiology clinics, and how effective they
are.88 The study showed that the tools could be
successfully incorporated into the UK audiology
clinic structure. Audiologists who used the tools
were positive about their use, and reported that
when the tools were used in the assessment
appointment they appeared to tap into patient’s
needs and motivations more readily than the
standard clinical history. Furthermore, the tools
promoted more patient-centered discussions
allowing patients to better express their needs.

The feasibility study also showed that the
patients reported several benefits at the hearing
assessment and fitting appointments compared
with a “standard care” control group. These
included greater self-efficacy and readiness to
follow the recommendations of their audiolo-
gist, reduced anxiety levels, and higher levels of
shared decision making. Furthermore, across
this and another study, self-efficacy, readiness,
and positive expectations predicted satisfaction
with hearing aids when measured 6 to 10 weeks
post–hearing aid fitting.89

A limitation of the motivational engage-
ment study was that the tools were used only in
patients who had already opted to receive hea-
ring aids. Therefore, we are currently running
an RCT to assess the effectiveness of the Ida
Institute’s online-delivered “Why Improve my
Hearing” telecare tool. The telecare tool incor-
porates the motivation line tool, asking the
patient “How important is it to improve your
hearing.” In the RCT, patients complete the
telecare tool before their initial hearing assess-

ment appointment. The telecare tool encoura-
ges the patient to think about how and why
improving their hearing in different situations
could affect their daily life. Encouraging
patients to use the telecare tool and reflect on
their individual needs before they come to clinic
could save time during the appointment. Fur-
ther, the telecare tool could also result in the
patient being better prepared ahead of time to
work with the audiologist on matters that are
important and relevant to them.

OUTCOME MEASUREMENT
Several important factors must be considered
when selecting outcome measures to assess the
effectiveness of an intervention. In particular, it
is essential to choose measures that are repre-
sentative of the goals of the intervention.1 For
example, a self-report measure may be more
appropriate than a laboratory speech perception
test where the goal is to improve communica-
tion in daily life.1,90 It is also important to select
measures that have the ability to detect the
benefits of the intervention.

Our previous research aimed to identify
optimal tests (e.g., dual task of listening and
memory) for assessing the impact of auditory
training on speech perception.78,81 The results
suggested that tests that are sufficiently chal-
lenging (i.e., not too easy and not too difficult)
in terms of listening and cognition may be
better able to detect the benefits of auditory
training. However, our data also showed that as
the complexity of outcomes increased, test–
retest reliability of the measures decreased.91

It is therefore important to be mindful of this
issue in outcome selection.

In addition, it is crucial to utilize high-
quality outcome measures. Ideally, measures
should be developed through a series of metho-
dologically sound qualitative and quantitative
studies.92,93 The resultant instruments should
possess measurement properties (e.g., reliabi-
lity, responsiveness) that meet the required
standards.94 Currently, there is a lack of recog-
nized, gold-standard, hearing-specific outcome
measures.95,96 Consequently, recent research
has set out to improve the quality of hearing-
specific measures.96,97 In line with this, we used
best practice techniques to develop a hearing-
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specific measure: the Social Participation Rest-
rictions Questionnaire (SPaRQ). These tech-
niques included (1) semistructured interviews
with patients, clinicians, and researchers to
generate items;98 (2) cognitive interviews with
patients to assess content validity;99 and (3)
Rasch analysis to assess psychometric proper-
ties.100 The resultant SPaRQ consisted of a 10-
item social perceptions subscale (e.g., feeling
isolated is a group) and a 9-item social behaviors
subscale (e.g., participating in group conver-
sations). Each subscale had strong measure-
ment properties, including internal consistency
and construct validity.

Finally, it is vital to select outcomemeasures
that assess outcome domains (e.g., quality of life,
communication) that are valued by key stakehol-
ders (e.g., patients, clinicians, funders, and
policy-makers) to enhance the relevance, utility,
and impact of research.101 Accordingly, Core
Outcome Sets (COSs) are being developed for
numerous health conditions, including tinnitus
and conductive hearing loss.102,103 A COS is a
shortlist of outcomedomains for a condition that
key stakeholders agree are critically important
measure as a minimum requirement in research
and/or practice.101 Recently, there have been
calls to develop a COS for sensorineural hearing
loss.28,35 At present, there is considerable hete-
rogeneity in outcome measurement in sensori-
neural hearing loss research. For example, a
systematic reviewdemonstrated that 51 different

questionnaires were used in 122 adult hearing
loss studies.95 This heterogeneity impedes the
comparison of the results of different trials and
the synthesis of evidence in systematic reviews, as
well as increases the risk of outcome reporting
bias.101 Therefore, the quality and credibility of
sensorineural hearing loss research would be
enhanced by greater standardization in outcome
measurement.

CONCLUSIONS
Just over a decade on from the seminal discussion
article of Boothroyd,1 there have been conside-
rable advances in research that has examined the
four cornerstones of adult aural: hearing aids and
other listening devices, knowledge and skill,
auditory and cognitive training, and motivatio-
nal engagement. These interventions aim to
improve auditory function, activity, participa-
tion, and quality of life for adults with hearing
loss. Self-management and behavior change is
core to all these interventions to promote pati-
ent-centered approaches. The consistent use of
appropriate outcomes to assess benefits of adult
aural rehabilitation is paramount for high-qua-
lity research. There has been publication of
increasingly higherquality of evidence to support
adult aural rehabilitation interventions, and a
greater use of theory underpinning the research
(seeTable 4). Finally, the technological advances
over the last decade see the interventions

Table 4 Evidence and Underlying Theory Supporting the Effectiveness of Four Adult Aural
Rehabilitation Processes

Process Evidence

High-quality research Underpinned by theory

Y/N Evidence Y/N Theory

Sensory management:

hearing aids and

alternative devices

Y Hearing aids: Cochrane review of RCTs28 Y WHO ICF framework

Alternative devices: systematic review46

Instruction:

knowledge and skill

Y Cochrane review of

self-management options35
Y Learning theory

COM-B system

RCT of effectiveness of C2Hear15

Perceptual training:

auditory and cognitive

training

Y Systematic review of computerized

auditory training studies68
Y Neuroplasticity

RCT of phoneme discrimination training74

Counseling:

motivational

engagement

?Y Feasibility study with

intervention and control groups88
Y Transtheoretical model
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described here, which are increasingly being
delivered through a range of online and smart-
phone technologies, as providing opportunities
for greater self-managment of hearing loss.With
the rapid rate of developments in technology
providing novel opportunities within hearing
science and adult aural rehabilitation, we ask
what will the next decade bring?
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57. Thor�en ES, Öberg M, Wänström G, Andersson
G, Lunner T. A randomized controlled trial
evaluating the effects of online rehabilitative inter-
vention for adult hearing-aid users. Int J Audiol
2014;53(07):452–461

58. Ciciriello S, Johnston RV, Osborne RH, et al.
Multimedia educational interventions for consu-
mers about prescribed and over-the-counter
medications. Cochrane Database Syst Rev 2013;
(04):CD008416

59. Ferguson M, Brandreth M, Leighton P, et al.
Development of a multimedia educational pro-
gramme for first-time hearing aid users: a parti-
cipatory design. International Journal of
Audiology 2018;57(08):600–609

60. Zhang D, Zhou L, Briggs RO, et al. Instructional
video in e-learning: assessing the impact of inter-
active video on learning effectiveness. Inf Manage
2006;43:15–27

61. Windle RJ,Wharrad H. Reusable learning objects
in health care education. In: Bromage A, Clouder
L, Gordon F, et al, eds. Interprofessional E-
Learning and Collaborative Work: Practices and
Technologies. Hershey, PA: IGI-Global; 2010

62. Ferguson M, Brandreth M, Brassington W,
Wharrad H. Information retention and overload
in first-time hearing aid users: an interactive
multimedia educational solution. Am J Audiol
2015;24(03):329–332

63. Henshaw H, Barker A, Maidment DW, et al.
‘Thinking Aloud’ to examine usability, relevance
and impact ofmHealth tailored to communication
partners. British Society of Audiology Annual
Conference; Harrogate, UK; 2017

64. Rocks T, Ferguson M. Does training care-staff
using interactive videos improve their hearing aid
practical skills, understanding and perception of
the importance of hearing aids? British Academy
of Audiology Annual Conference; Manchester;
November 2013

65. Gomez R, Wilson E, Ferguson M. Early delivery
of C2Hear increases self-efficacy for hearing aids
in first-time hearing aid users. British Academy of
Audiology Conference, Bournemouth, UK

66. Pichora-Fuller MK, Kramer SE, Eckert MA, et
al. Hearing impairment and cognitive energy: the
framework for understanding effortful listening
(FUEL). Ear Hear 2016;37(Suppl 1):5S–27S

67. Anderson S, White-Schwoch T, Parbery-Clark
A, Kraus N. A dynamic auditory-cognitive system
supports speech-in-noise perception in older
adults. Hear Res 2013;300:18–32

68. HenshawH, FergusonMA. Efficacy of individual
computer-based auditory training for people with
hearing loss: a systematic review of the evidence.
PLoS One 2013;8(05):e62836

82 SEMINARS IN HEARING/VOLUME 40, NUMBER 1 2019

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.

https://iom.nationalacademies.org/Reports/2011/Finding-What-Works-in-Health-Care-Standards-for-Systematic-Reviews/Standards.aspx
https://iom.nationalacademies.org/Reports/2011/Finding-What-Works-in-Health-Care-Standards-for-Systematic-Reviews/Standards.aspx
https://iom.nationalacademies.org/Reports/2011/Finding-What-Works-in-Health-Care-Standards-for-Systematic-Reviews/Standards.aspx
https://iom.nationalacademies.org/Reports/2011/Finding-What-Works-in-Health-Care-Standards-for-Systematic-Reviews/Standards.aspx
http://www.thebsa.org.uk/wp-content/uploads/2016/10/Practice-Guidance-Common-Principles-of-Rehabilitation-for-Adults-in-Audiology-Services-2016.pdf
http://www.thebsa.org.uk/wp-content/uploads/2016/10/Practice-Guidance-Common-Principles-of-Rehabilitation-for-Adults-in-Audiology-Services-2016.pdf
http://www.thebsa.org.uk/wp-content/uploads/2016/10/Practice-Guidance-Common-Principles-of-Rehabilitation-for-Adults-in-Audiology-Services-2016.pdf
http://www.thebsa.org.uk/wp-content/uploads/2016/10/Practice-Guidance-Common-Principles-of-Rehabilitation-for-Adults-in-Audiology-Services-2016.pdf


69. Saunders GH, Smith SL, Chisolm TH, Frederick
MT, McArdle RA, Wilson RH. A randomized
control trial: supplementing hearing aid use with
listening and communication enhancement
(LACE) auditory training. Ear Hear 2016;37
(04):381–396

70. Anderson S, White-Schwoch T, Parbery-Clark
A, Kraus N. Reversal of age-related neural timing
delays with training. Proc Natl Acad Sci U S A
2013;110(11):4357–4362

71. Ferguson MA, Henshaw H, Clark DP, Moore
DR. Benefits of phoneme discrimination training
in a randomized controlled trial of 50- to 74-year-
olds with mild hearing loss. Ear Hear 2014;35
(04):e110–e121

72. Henshaw H, Reis M, Boisvert I, et al. Efficacy of
individual computer-based auditory training for peo-
ple with hearing loss: a systematic review and meta-
analysis. PROSPERO 2017;CRD42017076817

73. Shaw CA, McEachern JC, eds. Toward a Theory
of Neuroplasticity. Philadelphia, PA: Psychology
Press; 2001

74. Recanzone GH, Schreiner CE, Merzenich MM.
Plasticity in the frequency representation of pri-
mary auditory cortex following discrimination
training in adult owl monkeys. J Neurosci 1993;
13(01):87–103

75. DencklaMB.Measurement of executive function.
In: Lyons GR, ed. Frames of Reference for the
Assessment of Learning Disabilities: New Views
onMeasurement Issues. Baltimore, MD: Brookes
Publishing; 1994:117–142

76. Deci E, Ryan R. Intrinsic Motivation and Self-
Regulation in Human Behavior. New York: Ple-
num Press; 1985

77. Henshaw H, McCormack A, Ferguson MA.
Intrinsic and extrinsic motivation is associated
with computer-based auditory training uptake,
engagement, and adherence for people with hea-
ring loss. Front Psychol 2015;6:1067

78. Henshaw H, Ferguson MA. Assessing the bene-
fits of auditory training to real-world listening:
identifying appropriate and sensitive outcomes.
In: Dau T, Santurette S, Dalsgaard JC, et al, eds.
Proceedings of ISAAR 2013: Auditory Plasticity -
Listening with the Brain 4th Symposium on
Auditory and Audiological Research. Nyborg,
Denmark: The Danavox Jubilee Foundation;
2014:45–52

79. Henshaw H, Ferguson MA. Working memory
training for adult hearing aid users: study protocol
for a double-blind randomized active controlled
trial. Trials 2013;14:417

80. Kronenberger WG, Pisoni DB, Henning SC,
Colson BG, Hazzard LM. Working memory
training for children with cochlear implants: a
pilot study. J Speech Lang Hear Res 2011;54(04):
1182–1196

81. FergusonMA,HenshawH.Auditory training can
improve working memory, attention, and com-
munication in adverse conditions for adults with
hearing loss. Front Psychol 2015;6:556

82. Anderson S, White-Schwoch T, Choi HJ, Kraus
N. Training changes processing of speech cues in
older adults with hearing loss. Front Syst Neurosci
2013;7:97

83. Lawrence BJ, Jayakody DMP, Henshaw H, et al.
Auditory and cognitive training for cognition in older
adultswithhearing loss: a systematic reviewandmeta-
analysis. Trends Hear 2018;22:2331216518792096

84. Ingvalson EM, YoungNM,Wong PC. Auditory-
cognitive training improves language performance
in prelingually deafened cochlear implant reci-
pients. Int J Pediatr Otorhinolaryngol 2014;78
(10):1624–1631

85. DiClemente CC, Bellino LE, Neavins TM.
Motivation for change and alcoholism treatment.
Alcohol Res Health 1999;23(02):86–92

86. De Leon G, Melnick G, Kressel D. Motivation
and readiness for therapeutic community treat-
ment among cocaine and other drug abusers. Am J
Drug Alcohol Abuse 1997;23(02):169–189

87. Clark J. Listening from the heart: Improving
connections with our patients. Audiology Online;
2008. Available at: https://www.audiologyonline.
com/articles/listening-from-heart-improving-
connections-908. Accessed December 17, 2018

88. Ferguson M, Maidment D, Russell N, Gregory
M, Nicholson R. Motivational engagement in
first-time hearing aid users: a feasibility study.
Int J Audiol 2016;55(Suppl 3):S23–S33

89. FergusonMA,Woolley A,MunroKJ. The impact
of self-efficacy, expectations, and readiness on
hearing aid outcomes. Int J Audiol 2016;55(Suppl
3):S34–S41

90. Heinrich A, Henshaw H, Ferguson MA. The
relationship of speech intelligibility with hearing
sensitivity, cognition, and perceived hearing diffi-
culties varies for different speech perception tests.
Front Psychol 2015;6:782

91. Ferguson MA, Henshaw H. How does auditory
training work? Joined up thinking and listening.
Semin Hear 2015;36:237–249

92. Mokkink LB, Terwee CB, Knol DL, et al. The
COSMIN checklist for evaluating the methodo-
logical quality of studies on measurement proper-
ties: a clarification of its content. BMC Med Res
Methodol 2010;10:22

93. Patrick DL, Burke LB, Gwaltney CJ, et al.
Content validity–establishing and reporting the
evidence in newly developed patient-reported out-
comes (PRO) instruments for medical product
evaluation: ISPOR PRO good research practices
task force report: part 1–eliciting concepts for a
new PRO instrument. Value Health 2011;14(08):
967–977

EVIDENCE-BASED INTERVENTIONS FOR ADULT AURAL REHABILITATION/FERGUSON ET AL 83

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.

https://www.audiologyonline.com/articles/listening-from-heart-improving-connections-908
https://www.audiologyonline.com/articles/listening-from-heart-improving-connections-908
https://www.audiologyonline.com/articles/listening-from-heart-improving-connections-908


94. Terwee CB, Bot SD, de Boer MR, et al. Quality
criteria were proposed for measurement properties
of health status questionnaires. J Clin Epidemiol
2007;60(01):34–42

95. Granberg S, Dahlström J, Möller C, Kähäri K,
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