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ORIGINAL ARTICLE

An examination of clinical uptake factors for remote hearing aid support: a
concept mapping study with audiologists

Danielle Glistaa,b, Robin O’Haganb, Sheila Moodiea,b and Susan Scolliea,b

aThe School of Communication Sciences and Disorders, Faculty of Health Sciences, The University of Western Ontario, London, Canada; bThe
National Centre for Audiology, The University of Western Ontario, London, Canada

ABSTRACT
Objective: To develop a conceptual framework around the factors that influence audiologists in the clin-
ical uptake of remote follow-up hearing aid support services.
Design: A purposive sample of 42 audiologists, stratified according to client-focus of either paediatric or
adult, were recruited from professional associations in Ontario, Canada, as members of the six-step, par-
ticipatory-based concept mapping process. Analyses included multidimensional scaling and hierarchical
cluster analysis.
Results: Six main themes emerged from this research according to overall level of importance: (1) tech-
nology and infrastructure; (2) audiologist-centred considerations; (3) hearing healthcare regulations; (4) cli-
ent-centred considerations; (5) clinical implementation considerations; and (6) financial considerations.
Subthemes were identified at the group-level and by subgroup. These highlight the importance of TECH
factors (accessible Technology, Easy to use, robust Connection, and Help available), as well as the multi-
faceted nature of the perceived attitudes/aptitudes across stakeholders.
Conclusion: Findings can be utilised in tailored planning and development efforts to support future
research, knowledge dissemination, best-practice protocol/guideline development, and related training to
assist in the clinical uptake of remote follow-up hearing aid support services, across variable prac-
tice contexts.

Abbreviations: CM: Concept mapping; HA: Hearing aid; IHP: Infant Hearing Program; M: Mean; Max:
Maximum; Min: Minimum; TECH: Accessible Technology, Easy to use, robust Connection, and
Help available
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Introduction

The increasing global prevalence of hearing loss, paired with a
demand for improved access to service provision due to low
patient-provider ratios (World Health Organization 2019), has
created demand for non-traditional service delivery models. In
Canada, the speech-language pathology and/or audiology patient-
provider ratio is estimated at 6:100,000 (Speech-Language and
Audiology Canada 2019). Non-traditional service delivery mod-
els, outside of a face-to-face model, are generally focussed on the
delivery of services at a distance (herein referred to as remote
services). Remote service delivery relies on information and com-
munication technology to connect all stakeholders involved in
the care process. For example, remote services can be used to
connect a hearing healthcare professional, situated in a clinic,
with their client at home. The connected health model is
described as a conceptual model for the delivery and manage-
ment of health, where devices, services, or interventions are
designed around the patient’s needs; connecting all stakeholders
in the sharing of information through smarter use of data, devi-
ces, communication platforms and people (Caulfield and

Donnelly 2013). The term “connected hearing healthcare” is
starting to emerge in audiology literature and has been proposed
as an umbrella term, encompassing terms like “telepractice in
audiology”, “tele-audiology”, “eAudiology” and other remote/vir-
tual service delivery options (Davies-Venn and Glista 2019). The
connected health model highlights a dynamic model of service
provision that recognises the changing health care needs and
contexts in society, with patient empowerment being an import-
ant component.

The upsurge of technology-driven applications in audiology,
designed to enable remote service delivery, calls attention to the
need for a connected hearing healthcare model of care that
encapsulates tele-audiology and other related terms. Audiological
services can now be delivered remotely during screening, diagno-
sis and intervention appointments (Swanepoel and Hall 2010);
this is mainly due to the significant advancements in technology
over the past decade, including wireless and digital chip technol-
ogy, driven by trends such as connectivity and individualisation
(Edwards 2007). When considering intervention advancements,
remote hearing aid (HA) support is an example of an application
gaining considerable interest in audiology. An example of
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current remote HA technology includes the use of Bluetooth
connectivity, to transfer data from a HA to an app on a smart
device, and wireless connectivity, to transfer the data from the
smart device to a laptop computer with HA fitting software.
Figure 1 illustrates an example of remote HA support as part of
a follow-up appointment, including an audiologist positioned in
their clinic and a HA user in their home. Studies have begun to
demonstrate that remote service delivery can provide greater
access to a family-centred care model. Mu~noz et al. (2017) dis-
cuss the benefits of connected hearing healthcare in the manage-
ment of paediatric HA fittings to include greater flexibility and
convenience, along with the potential to include multiple family
members in the care process. The benefits of remote services
related to HA management are also discussed in the adult litera-
ture, suggesting greater efficiency and timeliness related to HA
counselling services, when compared to face-to-face appoint-
ments. When considering best-practice requirements for initial
hearing aid fitting appointments, greater time may be needed to
perform technical procedures such as HA verification involving a
probe microphone system; current examples in the literature
include the use of client-site facilitator(s) and remote use of spe-
cialised equipment (Campos and Ferrari 2012; Ferrari and
Bernardez-Braga 2009). Depending on the support needed,
remote follow-up hearing aid appointments may also require the
use of verification procedures. In some telepractice delivery scen-
arios, a facilitator and often a team-based approach can be bene-
ficial (Novak et al. 2016); for example, a caregiver, other
healthcare professionals, or healthcare students could assist in
the delivery of services, benefitting the patient, the training
model and interprofessional relationships.

Over the past decade, researchers have started to explore the
potential of remote service delivery from an implementation sci-
ence perspective. A recent systematic review on the barriers of
adopting telemedicine worldwide (across health fields) site the
top barriers as technology-specific and likely overcome by train-
ing, change-management strategies, and through better patient-
to-provider interaction (Kruse et al. 2018). Specific to the field of
audiology, the literature points to the major barriers to uptake
being related to infrastructure, reimbursement, and licensure
(Ravi et al. 2018). In general, HAs that possess the ability to con-
nect to smart technologies are thought to influence the provider,
patient, and patient-provider experience, specifically when con-
sidering the candidacy profile of the user and the nature and

time spent during interactions; the authors of this work conclude
that more research and clinical consideration is needed to sup-
port uptake (Ng et al. 2017).

Various surveys have suggested that the attitude of the service
provider is not likely a significant barrier, with most audiologists
possessing a positive attitude towards remote service delivery,
especially when considering adult-focussed services related to fol-
low-up clinical appointments (Eikelboom and Swanepoel 2016;
Singh et al. 2014; Swanepoel and Hall 2010). Furthermore, the
American Speech-Language-Hearing Association (ASHA 2002,
2016) reports growing use patterns around services related to
counselling and follow-up care, especially when focussed on
areas related to HA(s), hearing disorder(s) and aural rehabilita-
tion. A less-positive attitude towards remote service delivery has
been reported when considering vulnerable populations (e.g.
paediatric patients), when performing clinical tasks with low per-
ceived suitability to tele-audiology and/or with patients for
whom rapport was newly developing (e.g. those requiring tactile
information, initial fittings, and new patients and assessments)
(Singh et al. 2014). Therefore, it is likely that clinical uptake will
differ according to the type of care being delivered and/or the
patient group receiving care.

Overall, current literature suggests a strong capacity for, but
an underutilisation of, remote care within current adult hearing
services (Meyer et al. 2019). These findings align with those
reported in a recent survey exploring Canadian audiologists’
readiness to adopt a connected model of care during HA man-
agement; while approximately half of the respondents reported
engaging in some form of connected audiological care, signifi-
cantly fewer, approximately a quarter of the respondents, had
engaged in the delivery of remote HA support services (Perez
et al. 2020). Further research is therefore needed to explore fac-
tors related to the low clinical uptake of remote services in hear-
ing healthcare and especially those related to HA support and
management. A review of concept mapping (CM), a useful meth-
odology in implementation science research (Joukes et al. 2016),
is provided below. CM is a participatory research method, with
stakeholder involvement spanning the entire process. Specifically,
group CM is a structured process focussed on a topic or con-
struct of interest, involving input from multiple participants, that
produces an interpretable pictorial view of ideas and concepts
and how they are interrelated (Trochim 1989). Traditionally, this

Figure 1. Illustration of a remote hearing aid support application - connecting an audiologist at a clinic-site to a patient at home.
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involves a six-step mixed-methods process, described by
Trochim and McLinden (2017) to include:

1. Preparation: the study focus, rating scales, participant selec-
tion criteria/descriptive data and study logistics are outlined.
The study focus is operationalised into a focus prompt that
is phrased as an open-ended imperative statement to
encompass the desired content for the map and guide the
participants during the statement generation step.

Participant sampling should include a diverse group of par-
ticipants, while still using opportunistic sampling to ensure
that the study focus is represented closely.

2. Generation: participants perform a brainstorming activity to
create a rich and varied set of statements corresponding to a
defined study focus. This step often includes editing and
synthesising of the original list(s) to remove poorly worded
or redundant statements.

3. Structuring: the collection of descriptive data (enabling sub-
group analyses), as well as the sorting and rating of the
statements. Rating tasks generally include five-point Likert-
type scales.

4. Representation: data analysis techniques and pictorial repre-
sentation of the data in the form of a map. More commonly
used CM software options include multidimensional scaling
to yield a two-dimensional configuration of the set of state-
ments (represented on a point map), and hierarchical cluster
analysis to create a non-overlapping cluster solution map.
The final cluster solution should both preserve detail and
yield interpretable statement clusters. Other useful analyses
often incorporated into the representation stage include pat-
tern matches and go-zone plots, which allows for the com-
parison of datasets based on importance-level.

5. Interpretation: usually a joint participatory collaborative
process involving the researchers and participants in the
final labelling of clusters and the resulting map.

6. Utilisation: an ongoing process that can assist with planning
and development of frameworks to use in a future pro-
gramme(s), planning and/or evaluation(s).

In this study, the primary research objective was to use CM
to develop a conceptual framework developed from audiologists’
experiences, perceptions, thoughts, and ideas around the factors
influencing the clinical adoption of remote HA support services
during a follow-up appointment. A secondary research objective
was to explore whether these factors differed across the sub-
groups of paediatric-audiologists compared with audiologists
who primarily worked with adult patients.

Materials and methods

Participants

Participants included audiologists that were recruited by email or
telephone from the College of Audiologists and Speech-Language
Pathologists of Ontario public registrar of members and through
researcher-engaged professional networks. Participants were
screened for eligibility via the telephone or by email using the
following inclusion criteria: (a) currently employed in the prov-
ince of Ontario; (b) providing services around HA fitting, includ-
ing follow-up HA support services; (c) having access to a
computer and the internet; and (d) is English-speaking.
Purposive sampling was used to identify participants that self-
identified themselves as belonging to one of the two follow-
ing subgroups:

1. Paediatric-focussed audiologists (herein referred to as paedi-
atric-audiologists): hold the technical expertise and desire to
provide services to paediatric clients aged 0–17 years and
provide services to a larger proportion of children than
adults; and

2. Adult-focussed audiologists (herein referred to as adult-
audiologists): hold the technical expertise and desire to pro-
vide clinical services to adult clients aged 18 years of older

Table 1. Participant characteristics for the overall group (N) and for participant-
identified groups based on patient focus (n).

n (%)

Participant characteristics N (%) Adult Paediatric

Participants� 42 (100) 15 (36) 27 (64)
Age in years
18–29 7 (17) 2 (13) 5 (19)
30–49 23 (54) 10 (67) 13 (48)
50þ 12 (29) 3 (2) 9 (33)

Highest education (degree)
Masters 33 (75) 9 (60) 24 (83)
Ph.D. 4 (9) 2 (13) 2 (7)
AuD. 7 (16) 4 (27) 3 (10)

Audiology experience
0–5 years 8 (19) 4 (27) 5 (19)
6–10 years 7 (17) 4 (27) 3 (11)
>10 years 26 (62) 7 (47) 19 (70)

Type of organisation
Self-employed 4 (9) 1 (7) 3 (11)
For-profit 19 (44) 12 (80) 7 (25)
Private non-profit 19 (44) 2 (13) 17 (61)
Provincial or local 1 (2) 0 (0) 1 (4)

Workplace
Private practice 25(58) 14 (93) 11 (39)
Residential facility 1 (2) 0 (0) 1 (4)
Hospital 12 (28) 0 (0) 12 (43)
School 1 (2.33) 0 (0) 1 (4)
College/University 4 (9.30) 1 (7) 3 (11)

Client ages in years�
0–2 29 (69) 3 (20) 26 (96)
3–5 22 (79) 6 (40) 27 (100)
6–17 35 (83) 9 (60) 26 (96)
18–64 30 (71) 15 (100) 15 (56)
65þ 28 (67) 15 (100) 13 (48)

Technology owned�
Smartphone 41 (98) 15 (100) 26 (96)
Tablet 30 (71) 10 (67) 20 (74)
Desktop 22 (52) 10 (67) 12 (44)
Laptop 38 (90) 14 (29) 24 (89)
None 1 (2) 0 (0) 1 (4)

Computer skill
Beginner 3 (7) 0 (0) 3 (11)
Average 21 (49) 5 (33) 16 (57)
Advanced 19 (44) 10 (67) 9 (32)
Expert 0 (0) 0 (0) 0 (0)

Smartphone/tablet skill
Beginner 3 (7) 0 (0) 3 (11)
Average 21 (50) 4 (27) 17 (63)
Advanced 16 (38) 10 (67) 6 (22)
Expert 2 (5) 0 (0) 1 (4)

Smartphone/tablet app skill
Beginner 5 (12) 0 (0) 5 (18)
Average 22 (51) 6 (40) 16 (57)
Advanced 11 (26) 5 (33) 6 (21)
Expert 5 (12) 4 (27) 1 (4)

Workplace IT support
Yes 37 (88) 14 (93) 23 (85)
No 5 (12) 1 (7) 4 (15)

Currently using tele-audiology
Yes 5 (12) 2 (13) 3 (11)
No 37 (88) 13 (87) 24 (89)

�Reflects the option of indicating one or more responses, percentages are calcu-
lated based on number of responses by the total participants.
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and provide services to a larger proportion of adults
than children.

Table 1 outlines the participant characteristics collected at the
beginning of each group session, from a paper-and-pencil ques-
tionnaire, and provides a breakdown of the characteristics
according to subgroup. Overall, the research team strived to
include a heterogeneous sample of audiologists that was stratified
according to client-focus (adult versus paediatric). The final
group of 42 audiologists was largely comprised of experienced
clinicians (62%) from a variety of practice settings. While 54% of
the participants were between 30 and 49 years of age, a larger
proportion of paediatric-audiologists were above 55 years of age
(33%), compared to adult-audiologists (2%). Almost all adult-
audiologists practiced in private-practice settings (93%), while
the paediatric-audiologists were mostly split between private
practice (39%) and hospital-based (43%) settings. The overall
group reported providing services across all age groups similarly.
The subgroups were consistently defined through self-identifica-
tion and questionnaire results, with the questionnaire results
indicating 100% service provision to clients aged 18�65þ years
for adult-audiologists and 96% service provision to children aged
0�17 for paediatric-audiologists. Almost all owned a smartphone
(98%) and a laptop computer (90%), and the majority owned a
tablet (71%) and a desktop computer (52%). Adult-audiologists
reported a higher overall skill level (mostly “advanced”), when
compared to paediatric-audiologists (mostly “average”) when
using computer, smartphones, and tablets. Most audiologists
reported having access to workplace IT support (88%) and few
currently offer tele-audiology services (12%).

Procedures

The Health Sciences Research Ethics Board of The University of
Western Ontario granted ethical approval for this study. CM
integrates qualitative (group process, brainstorming, unstructured
sorting, and interpretation) and quantitative (multidimensional
scaling and hierarchical cluster analysis) research methods to
enable stakeholders to articulate and graphically depict a coher-
ent conceptual model of the topic of interest (Trochim and
McLinden 2017). Procedures in this study followed the six-step
process, as described by Trochim and McLinden. All participants
provided written consent to participate in one face-to-face group
session, as well as several follow-up web-based tasks using a per-
sonal computer. Participants completed web-based tasks, includ-
ing sorting and rating, using The Concept SystemVR Global
Max# Software by Concept Systems (2017) (herein referred to
as Global Max software). To enable web-based tasks, participants
were invited via email, in which a web-link to the Global Max
software was provided. A paper record of a unique login and
password was provided to each participant during the
group sessions.

Preparation

The focus of this study was to investigate the range of factors
that practising audiologists felt would influence their use of tele-
audiology when performing remote HA support services in a fol-
low-up appointment. This study did not focus on the use of
alternate delivery models during initial hearing aid appointments,
nor did it focus on incorporating additional healthcare professio-
nals to operate specialised equipment at the remote client-site.
As part of the preparation step, the core research team, together

with 3 external experts on the topics of CM and/or tele-audi-
ology, developed a “prompt” or focus statement to be used in
the brainstorming step. The core research team was composed of
a group of clinician-scientists specialising in both clinical and
research-focussed audiology practices. The research team and
external experts came to consensus on the following focus state-
ment “One thing that may influence my use of tele-audiology for
remote follow-up hearing aid support is…” Also included in the
preparation step was the development of all project tools which
included an introductory PowerPoint presentation describing
tele-audiology, remote HA support services, and the difference
between initial versus follow-up appointments for participants.
Remote HA support was described to include all types of HA
troubleshooting, adjustments, and management. This description
did not include the use of remote probe microphone measure-
ment to verify fittings remotely or the need for a facilitator to
operate specialised equipment in the remote location. Discussion
around the use of optional parent and/or caregiver roles to aid
in facilitating home-based appointments were included (e.g. tech-
nology set-up). An importance rating scale using a 5-point Likert
scale (1¼ relatively unimportant; 2¼ somewhat important;
3¼moderately important; 4¼ very important; 5¼ extremely
important) was also developed during the preparation step.

Brainstorming and idea synthesis

Face-to-face group brainstorming was completed using five sessions
of non-overlapping participant groups (M¼ 8.8 participants/group,
Min ¼ 7, Max ¼ 12). The group sessions lasted between 2 and
3hours and were held in small conference rooms. The location of
each session was determined by an accessible central location for
each group of clinicians. For some participants, the group session
was held in the same building as their place of practice and/or was
attended by colleagues. All groups were moderated consistently and
in a way that encouraged equal participation from all attending
audiologists, resulting in an open discussion platform at each session.
A total of 42 audiologists completed the brainstorming (100% of
recruited participants): 15 adult-audiologists and 27 paediatric-
audiologists. Each session began with a brief prepared presentation,
followed by a paper and pencil questionnaire outlining key partici-
pant characteristics (Table 1); this data was later entered into web-
based software by the researchers. Statement generation was guided
using the focus statement in a complete-the-sentence instruction for-
mat. The researchers compiled the five statement sets into one large
set of all statements (n¼ 401). This was edited and synthesised, by
the research team, to eliminate redundancies and refine statements
to ensure clarity and comprehension; statements that were unrelated
to the prompt were removed, statements were also merged or split
to ensure that each statement had one clear meaning; methods fol-
lowed those previously sighted in the CM literature (Bennett et al.
2018; Wutzke et al. 2017). The statement synthesis steps were
recorded to create an audit trail. On average, each group session
resulted in 80 statements (Min ¼ 67 and Max ¼ 90). The final set
included 106 unique statements related to the focus statement.

Structuring

Web-based data structuring, using Global Max software, included
two phases: sorting and rating. All structuring tasks were com-
pleted by the participants, at their convenience, within a one-
month period. The total sample for all structuring tasks well-
exceeded the recommended sample size of 15 (Rosas and Kane
2012). A total of 40 participants completed the sorting step (95%
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of total sample): 14 adult-audiologists (7% dropout rate) and 26
paediatric-audiologists (4% dropout rate). Dropout rates for all
structuring tasks were calculated according to the original sample
size. Participants were provided with the following instructions
when completing statement sorting: (a) group similar statements
together into piles, (b) give each pile a name that captures the
meaning of the content of the pile, (c) do not create piles
according to priority or value (e.g. importance), (d) do not create
miscellaneous or “other” piles, (e) statements can be put alone in
a pile if unrelated to all other statements, and (f) do not leave
any statements unsorted. On average, the audiologists sorted the
statements into 10.5 piles (Min ¼ 4, Max ¼ 33 and SD ¼ 5.4).

A total of 38 participants completed the rating step (91% of
total sample): 14 adult-audiologists (7% dropout rate) and 24
paediatric-audiologists (11% dropout rate). Participants were
asked to rate the importance of each statement using the 5-point
Likert scale, indicating the relative importance of each statement
in influencing the use of tele-audiology in remote HA support
services. The average rating value for the participant group was
3.5. Individually, 31 participants used the full range of the scale
when rating statements (i.e. values ranged from 1�5); the
remaining seven participants used values between 2 and 5 to
complete ratings.

Results

The representation of CM results was enabled using the Global
Max software and two types of analyses: multidimensional scal-
ing and hierarchical cluster analysis. Details pertaining to the
production of the final concept map and accompanying pattern
match are described in the representation section.

Representation

Multidimensional scaling was used to locate each statement in a
two-dimensional space to display on a point map, using the fol-
lowing steps (Kane and Trochim 2007):

1. A similarity matrix, using a similarity cut-off of 3 to filter
out spurious relationships between statements, was gener-
ated by pairing the 106 statements with one another and
assigning a numerical value indicating the number of people
who put that pair of statements in the same pile.

2. A two-dimensional solution was used to produce X-Y coor-
dinates for each statement, following a bivariate distribution.

These steps resulted in the generation of a point map with a
cluster solution shown as Figure 2. Each point on the point map
represents one statement. Statements that were sorted together
more often by the participants appear as points closer together,
statements that were less often sorted together appear further
apart (Trochim and McLinden 2017). Stress is a statistic rou-
tinely generated and reported in multidimensional scaling analy-
ses, indicating how well the statement configuration matches the
data (Rosas and Kane 2012). The final stress value of 0.28, which
falls within the normal and acceptable range for CM research
(Kane and Trochim 2007; Kaplan et al. 2016), indicates that the
map appropriately represents the sorting data.

Hierarchical cluster analyses, using input from multidimen-
sional scaling, mathematically grouped each statement into
adjustable cluster solutions, based on how participants rated and
sorted the data. Each cluster represents a unique theme on the
resulting map, as seen in Figure 2. All possible cluster solutions
between 4 and 12 were examined by the research team and a
final solution of 6 clusters was selected; this was analysed using
guidance from the Global Max software (e.g. bridging and
anchoring values) and was chosen to yield an interpretable and
parsimonious cluster solution (Wutzke et al. 2017). Final cluster

Figure 2. Six-cluster map, of the 106 statement point map, of factors influencing the use of tele-audiology for remote hearing aid support labelled by import-
ance rating.
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labels reflect the general theme for each cluster of statements.
Using single cluster go-zone plots, allowing for visualisation of
the relationship between participant ratings by subgroup and
with respect to the concept map, a list of the main themes, sub-
themes and example statements was reported (Table 2). A go-
zone, calculated per cluster, is a bivariate plot of the data that
compares statements across two variables of interest. For this
project, the subgroups of interest were used to define the X and
Y variables on the go-zone plot, resulting in a representation of
the statements in quadrants and according to the mean value for
the cluster and for each subgroup (Kane and Trochim 2007).
This information was used to inform the themes (i.e. statements
that were rated to reside above the mean for both subgroups) as
well as the subthemes presented in Table 2. Subthemes that
applied to the overall group were first identified by the research
team, followed-by separate subthemes specific to either the
paediatric- or adult-audiologist subgroups (i.e. statements that
resided above the mean for each subgroup separately). The three
example statements presented by theme included those that
received high overall average ratings of importance. The total
number of statements sorted into each cluster is reported in
Table 3 (M¼ 17.67); a total list of statements is available
upon request.

The reliability of the sorting and rating data was analysed
according to methods presented by Rosas and Kane (2012). For
the sorting data, split-half reliability analyses were completed by
dividing the total group into two randomly assigned groups. A
correlation analysis using the Spearman-Brown correction was
then completed for both sort matrices (from each split-half
group) to obtain the split-half reliability of the sorts. This
resulted in a high average split-half total matrix reliability of .89,
which is slightly higher than the average reported split-half reli-
ability from a meta-analysis conducted on 69 concept mapping

Table 2. Concept mapping clusters, subthemes and example statements created using the prompt: one thing that may influence my use of tele-audiology for
remote follow up hearing aid support is… .

Cluster Overall subthemes Paediatric-audiologist Adult-audiologist Example statements

Technology and
infrastructure (TECH)

Accessible Technology
Easy to use
Robust Connectivity
Help available

Device compatibility;
cultural factors

Additional
personnel support

Reliability and efficiency of
internet connection; Client
access to technology; My
access to IT support services
for set-up and maintenance.

Audiologist-centred Comfort level/ability to
perform and maintain
precise adjustments

Practical application
considerations

Time and motivation to
keep up with
new technology

My ability to make gain
adjustments; My ability to
confirm/change set-up of
settings in a HA fitting; My
knowledge/comfort
with technology.

Hearing healthcare
regulations

Opportunity to practice in a
regulated manner

Consent in absence
of caregiver

Evidence to support
validity/impact on
adoption and
return rates

My ability to follow amplification
best-practice protocols; Client
consent to video call/
recording; If client records are
stored in a secure/
encrypted manner.

Client-centred Client ability to convey
information across
contexts/improved access
to services

Multi-lingual service delivery Preference for/perceived
value of remote
service delivery

Access to services for clients with
any travel-related constraints;
My ability to connect with
difficult-to-reach clients/
caregivers; Client ability to
convey information about
problems they are
experiencing in their current
home/school environment.

Clinical implementation Timeliness and ease of service
delivery/scheduling

More frequent follow up
appointments

Scheduling flexibility Access to private/quiet clinic
space with appropriate
technology to conduct a tele-
audiology appointment; The
ability to attend to client
concerns sooner than waiting
for a face-to-face appointment;
The management of
expectations around clinician
availability.

Financial Reimbursement model and
clinical application

Organisational buy-in Added costs
(training, licensure)

The client/patient’s acceptance of
the proposed billing structure;
If tele-audiology services will
be covered by third party
funding; The buy-in/
preferences of the
organisation/management.

Table 3. Clusters and corresponding total statement numbers arranged by
importance level, along with the overall and subgroup mean importance values.

Cluster
Number of
statements

Mean importance values

Overall Paediatric Adult

Technology and infrastructure 22 3.85 3.94 3.69
Audiologist-centred 21 3.59 3.71 3.38
Hearing healthcare regulations 17 3.57 3.79 3.17
Client-centred 19 3.54 3.59 3.45
Clinical implementation 18 3.17 .32 2.91
Financial 9 3.07 3.25 2.75
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studies. The internal consistency of the rating data was assessed
by computing the average correlation among items using
Cronbach’s alpha. This resulted in a reliability score of .95, sug-
gesting high internal consistency and intercorrelation (Rosas and
Kane 2012).

Table 3 presents the mean importance values for each cluster,
according to the overall group and by subgroup. Mean cluster
values are presented in order of most important to least import-
ant and correspond to responses collected using the five-point
scale of importance. To further illustrate the similarities/differen-
ces in importance ratings across subgroups, an absolute pattern
match diagram is provided in Figure 3.

Figure 3 shows a strong overall correlation between the rela-
tive average cluster importance ratings for audiologists (r ¼ .87),
with some discrepancies noted when comparing relative averages
at the single cluster level and across audiology subgroups.
Paired-sample t-tests were conducted to compare importance
level for each cluster by subgroup. There was a significant differ-
ence in relative importance ratings by subgroup for 4/6 of the
clusters: audiologist-centred considerations [t (40) ¼ 2.33,
p< 0.05]; hearing healthcare regulations [t (32) ¼ 4.37,
p< 0.001]; clinical implementation considerations [t (34) ¼ 2.39,
p< 0.05]; and financial considerations [t (16) ¼ 2.83, p< 0.02].
These results suggest that the paediatric-audiologists placed a sig-
nificantly higher level of importance on all four of these themes,
when compared to the adult-audiologists.

Interpretation

The results of this study were provided to all participating
audiologists in the form of a concept map (with included
importance levels), underlying statements, and an explanation
written in understandable language. Using email correspondence,
participants were asked to interpret the results and indicate their
level of agreement. In the case where a participant did not agree
with a label(s) and/or the cluster solution, they were encouraged
to suggest an alternate one. Six of the 42 audiologists chose to
participate in the interpretation step of the study, with all but

one indicating total agreement with the presented results. The
remaining audiologist indicated feeling unsure about labelling
but did not offer alternate options.

Discussion

The primary objective of this study was to develop a conceptual
framework related to factors, perceived by audiologists, to affect
the clinical adoption of remote follow-up HA support services. A
total of 42 audiologists practicing in Ontario, Canada, were
recruited to participate in this study. The secondary objective
was to explore whether the main age group of the audiologists’
clients (paediatric versus adult) influenced their perceived
importance of the CM themes identified.

The resulting framework consisted of six main themes
thought to influence audiologists’ uptake of remote follow-up
HA support services (in order of most to least importance to the
overall group): (1) technology and infrastructure; (2) audiologist
centred considerations; (3) hearing healthcare regulations; (4) cli-
ent-centred considerations; (5) clinical implications; and (6)
financial considerations. Technology and infrastructure were
rated to be of greatest importance by both adult- and paediatric-
audiologists. This finding is consistent with the literature, with
technology-specific barriers being cited at the top of the list of
barriers to adopting telemedicine worldwide (Kruse et al. 2018).
For the audiologists included in this study, the subthemes identi-
fied in the technology and infrastructure theme can be best
described by the acronym “TECH” (accessible Technology, Easy
to use, robust Connection, and Help available). Top rated overall
statements defining TECH related to:

T: Accessibility of required technology to perform remote HA
support, considering the audiologist in their clinic and the client in
their home environment, including the internet, a computer, software,
a smartphone/tablet, HA devices, and/or access to funds to purchase
items not currently available.

E: Whether the technology was “easy to use”, guidance tools (e.g.
demonstration tools) were available during applications, and the client
possessed a positive or “open” feeling towards technology in general.

Figure 3. Absolute pattern match diagram comparing relative importance levels between adult- and paediatric-audiologists, overall and at the single cluster level.
Statistically different ratings by subgroups and cluster are denoted with an asterisk (�).
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C: The robustness of the available internet connection for all users
(e.g. reliability and efficiency) and the ability of tele-audiology
technologies to connect to a wide range of smartphones/tablets.

H: Availability of support to help with the set-up, maintenance, and
ongoing support “at time of need” for all users, including workplace
support as well as support from caregivers and/or other professionals.

The findings from this study also suggest a relationship
between the perceived importance of the themes and the sub-
groups of interest. Overall, paediatric-audiologists placed a
higher importance level on all themes (refer to Table 3), and
rated four of the six themes as being significantly more import-
ant, when compared to adult-audiologists (refer to Figure 3). Of
these four themes, the hearing healthcare regulations theme pre-
sented the greatest discrepancy in importance level by subgroup.
The paediatric-audiologists placed markedly higher importance
on the need for regulations to define standards around tele-audi-
ology practices (e.g. client/patient consent, privacy, and security)
and the opportunity to follow best-practice protocols. This may
be explained by the fact that all paediatric-audiologists in this
study were part of the province-wide early hearing detection and
intervention programme (The Ontario Infant Hearing Program;
IHP). In brief, the IHP provides hearing screening to all new-
borns, coordinates services to support language development
until school-age, and trains all support personnel in the provi-
sion of a wide-range of audiological services, each with specific
protocols developed within the programme (Ontario Ministry of
Children and Youth Services 2017). The noted subthemes of
importance to paediatric-audiologists, therefore, align with the
specialised training and protocol requirements that are part of
this programme. Furthermore, close to half of the paediatric-
audiologists included in this study reported their main place of
practice to be hospital-based, a highly regulated healthcare envir-
onment, whereas almost all adult-audiologists were practising
out of private-practise settings in the community. These findings
are likely to generalise to most of the Canadian healthcare con-
text, considering provinces that offer IHPs, and to other coun-
tries in the cases where training in a paediatric-audiology
specialisation and regulated services are governed at the state or
provincial level. Current literature on the use of telehealth serv-
ices to facilitate audiological management for children echoes
this need for protocols and procedures in order to ensure that
tele-audiology services are provided in a standardised manner
(Blaiser et al. 2013; Govender and Mars 2017).

The adult-audiologists in this study also valued the opportun-
ity to practice in a regulated manner and placed a greater
importance around knowledge related to the validity of remote
HA service delivery and the impact of this service delivery model
on adoption and return rates. These adult-focussed subthemes
speak to the need for more research around remote HA support
services and studies that directly compare to a face-to-face ser-
vice model. The majority of studies evaluating remote audio-
logical management, including remote HA support, have
focussed on the feasibility of the service delivery model and/or
the perceived benefit/satisfaction of the end-user (Angley,
Schnittker, and Tharpe 2017; Br€annstr€om et al. 2016; Gladden,
Beck, and Chandler 2015; Govender and Mars 2017; Penteado
et al. 2014). Studies related to the verification and validation of
remote follow-up HA support services are also warranted. The
few publications found in the literature have included HA usage
and applications involving a facilitator and videoconferencing to
evaluate remote probe microphone measurement (Campos and
Ferrari 2012; Ferrari and Bernardez-Braga 2009).

At the time of this study, remote verification of HA fittings
was not possible without the use of a facilitator and specialised
equipment positioned in the remote location. Although not a
focus of this study, recent research outlines how a trained facili-
tator can be used to verify an initial remote fitting and/or of the
effects of adjustments made in a follow-up remote fitting
(Campos and Ferrari 2012; Novak et al. 2016). In the current
study, HA support topics were discussed in the context of a fol-
low-up appointment, not an initial fitting. The topic of verifica-
tion was highlighted in the audiologist-centred theme in relation
to perceived comfort around and accuracy with which the
audiologists felt they could perform remote HA support services.
Other specific applications that were rated as important to the
overall group included using remote services to make gain
adjustments, programme/fine-tune devices, manage feedback,
pair wireless accessories, and monitor overall usage. The audiolo-
gists’ overall technological knowledge level and access to related
training were factors that emerged as important to all audiolo-
gists. The adult-audiologists placed greater importance on the
time and motivation needed to keep up with the required tech-
nologies. This theme raises the need for clinical guidance docu-
ments to support audiologists’ in the clinical implementation of
specific applications related to remote HA support services.
Methods for evaluating the technical competencies required of
audiologists when providing remote services are also needed.

When considering client-centred factors that emerged from
this study, an overall high importance level was placed on
improving access to services using remote delivery, and on their
client’s ability to communicate effectively and/or benefit from an
appointment outside of the clinic (e.g. in a real-world school or
home context). Access-related statements included mention of
“travel-related constraints”, “difficult to reach clients/caregivers”,
and enabling the inclusion of people within the client’s circle of
care in appointments. Paediatric-audiologists placed a high
importance level on multi-lingual service delivery, while adult-
audiologists were highly interested in gaining knowledge of the
client’s preference for remote versus face-to-face services and
their perceived value of remote services. This suggests the need
to develop and validate tools that will assist the audiologist in
evaluating client/family candidacy for remote service delivery.
Candidacy evaluation tools have started to emerge as a topic of
interest in the literature (Mu~noz et al. 2017); however, further
research is warranted to be able to offer standardised clinical
tools that are appropriate across populations (adult compared
with paediatric populations).

Considering the group of audiologists’ in this study, very few
currently provide any type of tele-audiology service (12%). This
finding is consistent with those reported in a large-scale survey
on audiologists’ attitudes towards telehealth, which concludes
that despite the fact that most have a positive attitude, inter-
national implementation rates of telehealth are reported to be
less than 25% (Eikelboom and Swanepoel 2016). In this CM
study, perceived clinical implementation factors were focussed
on the timeliness and ease of remote service delivery and related
scheduling factors, including access to an optimal practice envir-
onment and the management of patient expectations around the
“24/7” trend in service provision. Paediatric-audiologists valued
the idea of providing more frequent follow-up appointments to
families and in experiencing fewer missed appointments as a
result of remote delivery; these subthemes align with the current
literature around timeliness of service delivery for children with
hearing impairment, indicating audiological follow-up to be one
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of the key factors in reducing the adverse effects of hearing loss
on developmental outcomes (Walker et al. 2014).

Of the six themes that emerged from this study, the financial
considerations theme was rated to have the lowest importance.
The overall subthemes of knowledge of reimbursement models
and their clinical application emerged as being important to all
audiologists, aligning with the general need for best practice
guidelines to support clinical uptake. Paediatric-audiologists indi-
cated the importance of general financial constraints in their
practice context, while adult-audiologists placed more value on
being able to cover specific costs related to licencing and training
of staff. Overall, tele-audiology is often reported in the literature
to be a cost-effective supplement to face-to-face service provision
(Ravi et al. 2018), which may have contributed to audiologists’
perceived low importance level with regards to financial consid-
erations in this study.

Utilisation

Trochim and McLinden discuss the utilisation step in CM
research as an ongoing process related to the study objective(s)
and resulting conceptual framework (Trochim and McLinden
2017). Findings from this study, which focussed on the factors
influencing audiologists’ clinical uptake of remote follow-up HA
services, included six main themes and related subthemes. The
themes and subthemes suggest the need for improved organisa-
tional/stakeholder buy-in to support and improve on TECH fac-
tors, the provision of knowledge (e.g. through literature and
practice guidelines) to support positive attitudes; the provision of
best-practice protocols and related training to support aptitudes;
and overall implementation of remote services into varying clin-
ical contexts/workflows. Our implementation plans will also
include best-practice recommendations for connected hearing
healthcare services such as the use of client-site facilitators for
remote paediatric audiology practice. The findings from this
study can be used to tailor planning and implementation efforts
according to a client/family-focus, with an emphasis on the pro-
vision of best-practice protocol documents around remote HA
support services in the context of specialised paediatric care.

Limitations and future research

Although participating audiologists were recruited from a range
of practice contexts/locations, providing services to both adult
and paediatric clients, the geographical reach of their services
was not explored in this study. Given the practice locations of
the participating audiologists, being mainly based in medium-to-
large urban population centres in Ontario, Canada, service provi-
sion was likely focussed on urban-based clientele. Future
research incorporating audiologists that routinely provide serv-
ices to clients residing in rural centres is warranted to explore
whether the perceived factors and/or the importance level of the
main themes would differ from those reported in this study. In
addition, research investigating the factors that influence audiol-
ogists’ use of remote hearing aid fitting support when incorpo-
rating a facilitator to operate specialised equipment would be of
value to the field.

As discussed in previous CM studies related to hearing aids,
the personal attributes of the included participants likely shaped
the results of this study (Bennett 2019). When considering the
variable experiences and perceptions brought forth by this group
of audiologists, several factors related to the participants’
“attitudes” towards the topic of remote HA support likely

influenced the results. A robust sample of 42 audiologists was
included in this study; however, it is possible that the results
may have differed according to the group of participants
included and their relation to each other. Although, each brain-
storming session was carefully and consistently moderated by the
research team, participation may have been influenced by the
presence of colleagues and/or employers. For some participants,
the group session was held in the same building as their place of
practice and/or was attended by colleagues; these factors may
have influenced the discussion that took place. Furthermore,
motivation to pursue professional development, willingness to
engage in an alternate service delivery model, and attitudes
around organisational buy-in likely shaped the way in which
each audiologist contributed to the study. Future research carried
out in a country-wide survey, for example, could help inform the
themes and underlaying subthemes that significantly contribute
to audiologists’ “readiness” to uptake of remote service delivery
for urban versus remote population centres.
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