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Digital Proficiency Is Not a Significant Barrier
for Taking Up Hearing Services With a Hybrid

Online and Face-to-Face Model

Husmita Ratanjee-Vanmali,a De Wet Swanepoel,a,b,c and Ariane Laplante-Lévesqued,e
Purpose: The aim of this study was to determine the effect
of self-perceived digital proficiency on the uptake of hearing
services through a hybrid online and face-to-face hearing
health care model.
Method: Adults were recruited via online methods to complete
an online hearing screening test within the greater Durban
area in South Africa. On submission of contact details after
failing the screening, contact was made via telephone to
assess readiness for further hearing care. If motivated and
willing to continue, a face-to-face appointment for diagnostic
hearing testing was confirmed, at which time an e-mail with
an online mobile device and computer proficiency survey was
sent. Hearing services were offered using combined online
and face-to-face methods.
Results: Within 2 years (June 2017 to June 2019), 1,259
people from the target location submitted their details for
the clinic audiologist to contact, of whom 931 participants
(73.95%) failed the screening test. Of these participants,
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5.69% (53/931, 57.41% men) attended a face-to-face
diagnostic hearing evaluation. Mobile device and computer
proficiency scores were not a predictor of acquiring hearing
services. Age was the only significant predictor (p = .018)
for those continuing with hearing care. Patients who
continued with hearing care by acquiring hearing aids and
support services were older (M = 73.63 years, SD = 11.62)
and on average aware of their hearing loss for a longer
time (M = 14.71 years, SD = 15.77), as compared to those
who discontinued hearing health care who were younger
(M = 59.21 years, SD = 14.42) and on average aware of their
hearing loss for a shorter time (M = 6.37 years, SD = 9.26).
Conclusions: Digital proficiency is not a predictor for
acquiring hearing services through a hybrid online and
face-to-face hearing care model. Hybrid services could
allow professionals to assist patients in a combination of
face-to-face and online services tailored to meet individual
needs, including convenience and personalized care.
Mobile devices and computers have become an
integrated component of daily life. Most people
over the age of 65 years use information and

communication technology to maintain family and social
connections and to access information related to health
and routine activities (Vroman et al., 2015). Approximately
90% of people aged between 50 and 91 years use Internet
services such as Facebook and Twitter to find and share
health information (Tennant et al., 2015). Adults who were
younger, more educated, and used more electronic devices
were significantly associated with higher online health liter-
acy (Tennant et al., 2015). Several descriptive Internet and
computer research studies have been conducted within audi-
ology (see Table 1 for a summary). There is lack of consis-
tency regarding the terms and concepts used, for example,
skills, competency, and proficiency mentioned. Only one
study utilized a validated measure to assess computer literacy
in adults with hearing loss (Moore et al., 2015). To date, no
study has considered mobile proficiency, which is increas-
ingly becoming the mode of choice to access information.

Technology use by adults with and without hearing
loss and between those who take up hearing aids differ.
Generally, older adults with hearing loss use technology
or the Internet more than their normal-hearing counter-
parts (Gonsalves & Pichora-Fuller, 2008; Thorén et al.,
2013). People with hearing loss who do not use hearing
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Table 1. Summary of computer and Internet research on adults with hearing loss.

Author
(year) Country n

Age range
(years)

Validated
questionnaire

Focus area

Method Main findings
Computer skills/
competence

Internet use/
competence

Other
technology

Gonsalves &
Pichora-
Fuller
(2008)

Canada 135 65–87 Nonvalidated Ability to use a
broad variety
of common
communication
technologies

Study conducted
in 2006

Random selection
from pool of
healthy older
adults who
volunteer to
participate
in university
laboratory
research

Participants with
hearing loss
(n = 52, 38.5%)
Used hearing aids
(n = 28, 20.7%)

Full study sample
participated in
leisure activities,
which were more
communication-
demanding and
used technology
to a greater extent
than the average
senior

Henshaw
et al.
(2012)

United Kingdom 1,235 50–74 Nonvalidated
16-item postal
questionnaire

Computer skill:
i. Never used a

computer
ii. Beginner
iii. Competent
Computer

confidence:
i. Not competent

at all
ii. I usually need

help, it takes
me a while but
I can manage

iii. Confident

Internet use Year in which
study was
conducted is
not stated

Computer and Internet
use was greater
in younger (50–
62 years) than
older (63–74 years)
adults.

Older adults with slight
hearing loss had
greater odds of
computer use than
adults with no
hearing loss.

Those with moderate
and greater hearing
loss had lower odds
of computer use
than adults with no
hearing loss.

84 people reported,
with those who
reported greater
computer skills
also reported
greater computer
confidence.

(table continues)
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Table 1. (Continued).

Author
(year) Country n

Age range
(years)

Validated
questionnaire

Focus area

Method Main findings
Computer skills/
competence

Internet use/
competence

Other
technology

Thorén
et al.
(2013)

Sweden 158 20–98 Nonvalidated
multiple-choice
questionnaires

Internet and
e-mail use

Study conducted
in 2009

Patients from an
audiology clinic

Purposive sampling

60% of adults with
hearing loss used
computers and
Internet.

Age, gender, and
education explained
the level of Internet
use and not degree
of hearing loss
(p < .000).

Internet use was higher
in the younger age
group (25–64 years)
compared to the
older age group
(75–96 years).

Higher usage of
Internet in adults
with hearing loss
compared to
general population
(OR = 1.74, 95%
CI [1.23, 3.17],
p = .04)

Moore
et al.
(2015)

United States 26 Validated
i. Patient–

Technology
Acceptance
Questionnaire
(Or, 2008)

ii. Northstar
Digital Literacy
Assessment to
access computer
literacy (Cytron-
Hysom et al.,
2012)

Computer literacy
Computer anxiety
Computer self-

efficacy

Acceptance of
Internet-based
hearing health
care

Year in which
study was
conducted is
not stated

Failed hearing
screening

Anxiety
Older adults with

hearing loss had
poorer computer
literacy scores than
those just a few
years younger.

Computer literacy
and computer self-
efficacy were
negatively correlated
with age, with
additional negative
relationships
between computer
literacy and
computer anxiety
and computer
self-efficacy and
computer anxiety.

(table continues)
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Table 1. (Continued).

Author
(year) Country n

Age range
(years)

Validated
questionnaire

Focus area

Method Main findings
Computer skills/
competence

Internet use/
competence

Other
technology

Computer self-efficacy
was positively
correlated with
perceived ease
of use.

An indirect relationship
was observed
between age and
computer self-
efficacy and
between age and
computer anxiety.

Ferguson &
Henshaw
(2015)

United Kingdom 231 50–74 Nonvalidated
questionnaires

Computer
competence:

i. Never used
ii. Beginner
iii. Competent

Adherence to
computerized
and online
interventions

Studies conducted
between 2009
and 2014

Four intervention
studies:

– Two auditory
training studies

– One working
memory

– One study of
multimedia
educational
support

Approximately 15%
of participants
never used a
computer.

Computer competence
was not associated
with use or
adherence of the
intervention (auditory
training, working
memory training,
and multimedia
educational support)
delivered by DVD
for TV or computer
or via the Internet.

Computer skills and
Internet access
influenced adults’
preference of the
delivery method
of multimedia
educational support
program.

(table continues)
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Table 1. (Continued).

Author
(year) Country n

Age range
(years)

Validated
questionnaire

Focus area

Method Main findings
Computer skills/
competence

Internet use/
competence

Other
technology

Maidment
et al.
(2016)

United Kingdom 203 42–95, first
time
hearing
aid users

Nonvalidated
questionnaires

Self-reported
Internet
competency:

i. Never used
ii. Beginner
iii. Competent
Assess whether

Internet
competency
predicts
practical
hearing aid
knowledge

Year in which
study was
conducted is
not stated.

Prospective,
randomized
controlled trial

Multimedia
educational
intervention
(interactive
video tutorial)

Delivered through
DVD for TV or
computer and
online

20% reported never
used the Internet
and 29% were
beginner in the
intervention group
vs. 22% never
used the Internet
and 32% were
beginners in the
control group

Self-reported
competent Internet
users of 51% in
the intervention
group vs. 46% in
the control group

Internet competency
did not differ
significantly
between the
intervention and
control groups.

In the intervention
group, higher
Internet competency
was associated with
more knowledge
of practical hearing
aid challenges.

Better Internet
competency was
associated with
better practical
hearing aid handling
skills at the follow-
up appointment.

Higher Internet
competency was
significantly
associated with
watching the
multimedia videos
less amount of
time.

(table continues)
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Table 1. (Continued).

Author
(year) Country n

Age range
(years)

Validated
questionnaire

Focus area

Method Main findings
Computer skills/
competence

Internet use/
competence

Other
technology

Internet competency
was the only
significant factor
in predicting
practical hearing
aid knowledge,
with variance
of 12%.

Internet competency
also significantly
predicted practical
hearing aid
handling skills.

Internet competency
was a significant
predictor of hearing
aid knowledge
and skills after
controlling for
demographic
attributes (age,
hearing threshold,
educational status,
and gender).
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aids are less likely to use other technologies (computers,
automated teller machines, e-mail, and Internet) than their
peers with normal hearing and those using hearing aids
(Gonsalves & Pichora-Fuller, 2008). The extent of use and
ability to use technology in this study were associated with
education, occupation, method of transportation, and lan-
guage (Gonsalves & Pichora-Fuller, 2008). In another
study, age, gender, and education were associated with the
extent of Internet use and not the degree of hearing loss
(Thorén et al., 2013).

Reports also show that younger (50–62 years) adults
with hearing loss had greater usage of computers and In-
ternet than their older (63–74 years) counterparts, and those
who reported greater computer skills also reported greater
computer confidence (Henshaw et al., 2012). Similarly, an-
other study reported Internet use was higher in the youngest
age group (25–64 years) compared to the oldest age group
(75–96 years, p ≤ .001), with the highest Internet usage
reported by younger men with higher levels of education
(Thorén et al., 2013). The same is evident from another
study where higher self-reported Internet competency was
associated with younger age, better hearing thresholds,
higher educational status, and being male (Maidment et al.,
2016). In a study of 26 older adults aged between 55 and
95 years with hearing loss using a validated computer liter-
acy questionnaire, a significant negative correlation was
found between computer literacy and age (Moore et al.,
2015). Computer literacy and computer self-efficacy were
also negatively correlated with age, with additional nega-
tive relationships between computer literacy and computer
anxiety, and computer self-efficacy and computer anxiety
(Moore et al., 2015). Computer self-efficacy was positively
correlated with perceived ease of use (Moore et al., 2015).

In summary, the main factors associated with people
who have hearing loss and the ability to use technology,
or the Internet, or self-reported Internet competency are
as follows: younger in age (Gonsalves & Pichora-Fuller,
2008; Henshaw et al., 2012; Maidment et al., 2016; Thorén
et al., 2013), having higher levels of education (Gonsalves
& Pichora-Fuller, 2008; Maidment et al., 2016; Thorén
et al., 2013), and being male (Maidment et al., 2016; Thorén
et al., 2013).

Interestingly, computer skill/competency was not asso-
ciated with use or adherence to the intervention (auditory
training, working memory training, and multimedia educa-
tional support) delivered by DVD for TV or computer or
via the Internet (Ferguson & Henshaw 2015). Computer
skills and Internet access influenced participant preference
for the delivery method of multimedia educational support
program, whereas all those who never used a computer
and majority of the beginners chose the DVD for TV use
(Ferguson & Henshaw 2015). In an intervention group of
patients who watched educational video segments, patients
with higher Internet competency scores also viewed the
video segments less number of times, which could indicate
the ease of knowledge/skills transfer (Maidment et al., 2016).
Internet competency was the only statistically significant
predictor of practical hearing aid knowledge and practical
Ratanjee-V
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hearing aid skills in those who received an intervention,
which may indicate they are better equipped to put new
knowledge into practice (Maidment et al., 2016).

Individuals with hearing loss often delay seeking
help. On average, people wait for 7–10 years before taking
action to address their hearing concerns (Davis et al., 2007;
Simpson et al., 2019), with the typical age for first hearing
aid fitting reported to be around 74 years of age (Henshaw
et al., 2012). Multiple nonaudiological and audiological
factors influence the uptake of hearing aids. Examples of
nonaudiological factors include self-efficacy in the use of
hearing aids, readiness to improve hearing, stages of change,
expectations of hearing aids, self-perceived hearing loss and
hearing aid benefit, demographics, support from signifi-
cant others, social pressure, and the level of health literacy
needed to understand hearing aid materials (Ferguson
et al., 2016; Klyn et al., 2020; Ng & Loke, 2015; Pronk
et al., 2017). Examples of audiological factors include se-
verity of hearing loss, onset and duration of hearing loss,
type of hearing loss, insertion gain, and acceptance of back-
ground noise (Knudsen et al., 2010; Ng & Loke, 2015;
Pronk et al., 2017).

In a recent study, age was not a significant predictor
of hearing aid uptake (Simpson et al., 2019). However, age
and readiness were predictors and modifiers in a study of
377 adults who either continued or discontinued a hearing
aid trial (Pronk et al., 2017). The duration of hearing loss
is an important factor during the prefitting stage of patients
seeking hearing health care (HHC; Knudsen et al., 2010).
Hearing loss duration significantly impacts adjustment to
hearing aids: Patients who experience hearing loss for a
longer time may have had more time to prepare themselves
for wearing and using hearing aids (Meyer et al., 2014).
Advanced stages of change are also associated with longer
hearing loss duration (Laplante-Lévesque et al., 2015, 2013).
To the authors’ knowledge, no research is available regard-
ing the digital proficiency of patients with hearing loss
and their uptake of hearing aids.

The uptake of hearing aids is also influenced by the
beliefs and attitude of the person with hearing loss. A health
behavior change model assesses the person’s beliefs and
attitude to help predict hearing aid outcomes (Saunders
et al., 2016). One behavior change model used in HHC is
the transtheoretical model of health behavior change or the
stages of change model. According to this model, people
move along a continuum of stages toward behavior change
from precontemplation to contemplation, preparation, and
action. The staging algorithm asks patients to select one
of four statements, where each statement characterizes a
stage of change (Milstein & Weinstein, 2002).

Computer and Internet-delivered hearing informa-
tion, hearing screening, and intervention could be feasible
for people who do not typically present themselves to an
audiologist (Henshaw et al., 2012). Increasing digital com-
petence in older adults is making online HHC interventions
a viable option (Ferguson & Henshaw, 2015). Published
online interventions for hearing loss include online hearing
rehabilitation programs using videos of real persons with
anmali et al.: Digital Proficiency of Adults With Hearing Loss 791
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functional tasks for completion and testimonials of persons
who have experienced similar hearing challenges and their
advice for new hearing aid users (Ferguson & Henshaw
2015; Greenwell et al., 2015; Thorén et al., 2015). To date,
however, the translation of such programs into sustainable
clinical practice beyond research projects has been limited.

The advent of mobile technology provides the oppor-
tunity to use mobile device applications, enabling HHC
interventions to be personalized and on-demand when de-
livered via mobile devices to patients as well as their families
and significant others (Paglialonga et al., 2018). Hearing
aids are increasingly controlled by mobile applications en-
abling remote fine-tuning, sound environment monitoring,
and enhancements (Paglialonga et al., 2018). There is a
preference and a move toward application-based and online
eHealth studies (Paglialonga et al., 2018). In our previous
study, we reported that 87.10% of individuals completed on-
line hearing screening testing from a mobile device and only
12.90% from a computer (Ratanjee-Vanmali et al., 2020).

In this study, standardized self-report questionnaires
were used to measure self-perceived digital proficiency
and, more specifically, mobile device and computer profi-
ciency. Digital proficiency measures must reflect currently
used digital solutions. Available measures include the
Mobile Device Proficiency Questionnaire (MDPQ-16) and
the Computer Proficiency Questionnaire (CPQ-12; Boot
et al., 2015; Roque & Boot, 2018). The terms proficiency
and skills are often used synonymously. In this study, “pro-
ficiency” describes an individual’s ability to perform a par-
ticular task or skill. Proficiency can be measured through
self-report or behavioral observation. This study describes
the self-perceived digital proficiency (i.e., mobile device
and computer proficiency) of a group of adults who took
up hearing services through a hybrid online and face-to-
face HHC model. Furthermore, it assesses whether the
mobile device and computer proficiency were associated
with the uptake of such services. We hypothesize that lower
digital proficiency is associated with lower uptake of hybrid
HHC services.
Method and Materials
Setting/Recruitment

A nonprofit entity, the Hearing Research Clinic Non-
Profit Company, was established in June 2017 in Durban,
KwaZulu-Natal, South Africa. A free online hearing screen-
ing test (Potgieter et al., 2016, 2018) was placed on the
clinic’s website, and online methods (Google and Facebook)
were used to recruit adults above the age of 18 years within
the target location. The online screening test result was
displayed at the end of the test (pass or refer), and an op-
tion to submit contact details for the clinic audiologist (first
author) to make contact with was made available to each
test taker. The clinic audiologist then made contact with the
potential patients to assess their readiness to complete diag-
nostic hearing testing and then became patients of the clinic.
Patients paid for the hearing health services, which removed
792 American Journal of Audiology • Vol. 29 • 785–808 • December 2
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volunteer biases. Five steps made up the patient journey
from the completion of the online hearing screening test
to the fitting of hearing aids. Full details of the clinic and
process can be found in Figure 1 and elsewhere (Ratanjee-
Vanmali et al., 2019).

Participants
All patients who provided consent to be contacted

after failing the online screening test were contacted. Tele-
phonic readiness measurements and motivational engage-
ment were assessed (the clinic audiologist conducted these
telephone calls solely for the first 12 months after which a
layperson was trained intensively and is coached regularly),
and then a face-to-face diagnostic hearing test was sched-
uled with the clinic audiologist. All the participants who
failed the online test, submitted their details, reached by
the clinic on their provided telephone number, and com-
pleted the face-to-face diagnostic hearing test were included
in this study, therefore indicating a purposive sampling
method was used.

Materials
Online Hearing Screening Test

The online hearing screening test is an adaptive triple
digit-in-noise (DIN) test developed and validated for South
African English (Potgieter et al., 2016, 2018). The DIN
test was provided as a web widget (hearX Group, 2020),
which was hosted on the clinic’s website. Each individual
began the test by inserting their date of birth and then con-
tinued with the 23 user tries of the triple-digit test (Potgieter
et al., 2016, 2018). Each DIN test completed resulted in a
speech reception threshold (SRT; the level at which 50%
correct was achieved) recording. Only at the end of the on-
line hearing screening test, after the participant viewed the
result, if interested, they could submit their details to be
contacted by the clinic.

Measures of Readiness and Stages of Change
A one-item measure of readiness, sometimes called

“The Line,” was used (Rollnick et al., 1999; Tønnesen 2012).
The question asks: How important is it for you to improve
your hearing right now? Responses were recorded on a
Likert scale from 0 to 10, where 0 indicates not at all and
10 indicates very much. Scores were dichotomized into
two groups describing low readiness (≤ 5) or high readi-
ness (> 6).

A one-item measure of stages of change, sometimes
called “staging algorithm,” was used (Milstein & Weinstein
2002). Respondents are asked to pick one of four state-
ments that best describe their situation. Each statement
corresponds to a stage of change: (a) I do not think I have
a hearing problem, and therefore, nothing should be done
about it (Stage 1: Precontemplation). (b) I think I have a
hearing problem. However, I am not yet ready to take any
action to solve the problem, but I might do so in the future
(Stage 2: Contemplation). (c) I know I have a hearing problem,
020
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Figure 1. Five steps of a combined online and face-to-face hybrid hearing health care model. HHC = hearing health care.
and I intend to take action to solve it soon (Stage 3: Prepa-
ration). (d) I know I have a hearing problem, and I am here
to take action to solve it now (Stage 4: Action). Scores were
dichotomized into two groups, describing early stages of
change (the stages precontemplation, contemplation, and
preparation) or the late stage of change (action stage). The
binary grouping was necessary based on the uneven distri-
bution of the small sample size across the four categories.
The action stage was considered the most overt behavioral
change, as it entailed considerable commitment of time and
energy and requires the person to modify behavior, experi-
ences, and the environment to overcome their challenges
(Prochaska et al., 1992).

Mobile Device and Computer Proficiency Questionnaires
The two questionnaires included in this study were

the abbreviated versions of the MDPQ-16 (see Appendix A;
Roque & Boot, 2018) and the CPQ-12 (see Appendix B;
Boot et al., 2015). The MDPQ-16 consisted of 16 ques-
tions with eight domains, and the CPQ-12 consisted of 12
questions with six domains. The MDPQ-16 and CPQ-12
share the following assessment domains: basics, commu-
nication, Internet, calendar, and entertainment. However,
the abilities queried are different and are generally more
complex for the MDPQ-16 than the CPQ-12. For exam-
ple, the questions for the CPQ-12 basics domain examine
the ability to use a computer keyboard to type and the
Ratanjee-V
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ability to use a mouse. In contrast, the questions for the
MDPQ-16 basics domain examine the ability to navigate
onscreen menus using the touchscreen and the ability to
use the onscreen keyboard to type. For the entertainment
domain, the CPQ-12 assesses the ability to watch movies
and videos and listen to music on the computer, whereas
the same domain on the MDPQ-16 assesses the ability to
use the device online store to find games and other enter-
tainment and listen to music. The questionnaires differ fur-
ther in that the CPQ-12 includes a printer domain and the
MDPQ-16 includes the domains privacy and troubleshoot-
ing, as well as software management.

The first page of the MDPQ-16 included images of
the devices and information that educated patients on the
type of devices of interest included on both questionnaires:
mobile devices (tablets and smartphones) and computers.
Scoring of the questionnaire was from a minimum of 1 to
a maximum of 5: 1 = never tried, 2 = not at all, 3 = not
very easily, 4 = somewhat easily, and 5 = very easily. The
final score was calculated by adding the average response
of each to produce a total MDPQ-16 and CPQ-12 score.
The higher the score indicated, the better digital proficiency.

Pure-Tone Average—Better Ear
A pure-tone average (PTA) was calculated by taking

the calculated hearing threshold across four frequencies
(500, 1000, 2000, and 4000 Hz) conducted during diagnostic
anmali et al.: Digital Proficiency of Adults With Hearing Loss 793
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hearing testing using equipment by Interacoustics A/S,
Callisto Suite AC 440 (Version 1.8.0), in a quiet environment
(Interacoustics A/S, 2019). A better ear PTA was recorded
for each patient.

Procedure
This study was conducted under the ethical approval

of the University of Pretoria Faculty of Humanities Re-
search Ethics Committee (GW20170409HS). All partici-
pants provided online and written consent to be contacted
and to participate in this study.

Patients who sought help from the clinic within the
target location between the periods of June 2017 and June
2019 were included in this study (see Figure 1). Of the
53 patients who took up HHC services through a hybrid
model, 34 patients discontinued HHC (after trialing hear-
ing aids in Step 4), and 19 patients continued with HHC
by trialing and then obtaining their own hearing aids (con-
tinued to Step 5). Of the 53 patients, 22 (41.51%) were
women and 31 (58.49%) were men, with an age range of
33–101 years (SD = 15.09). In this article, patient groups
are described as follows: those who took up hearing ser-
vices by completing a face-to-face diagnostic hearing eval-
uation (Step 3), those who discontinued HHC (Step 4), and
those who continued with HHC (Step 5).

Information Collected Before the Consultation
Participants who submitted their details on failing

the online hearing screening test (Step 1) were contacted
by e-mail and telephone. Readiness measures, The Line,
and stages of change were completed with the participants
over the phone to assess their motivation and readiness
to move ahead with HHC (Step 2). A face-to-face appoint-
ment for diagnostic hearing testing was then confirmed if
the participants scored ≥ 5 on The Line and Stage 3 or 4 on
the stages of change.

After this, an appointment confirmation e-mail was
sent to patients, which included information regarding the
date and time of appointment, address of the clinic, prepa-
ration, bringing a significant other to the appointment, and
expectations of the appointment. A link to the MDPQ-16
and CPQ-12 was included in the e-mail, hosted and admin-
istrated by Qualtrics (2020). The responses were password
protected and only accessible to the clinic audiologist.
Patients who did not complete the questionnaires before
their appointment were requested to complete the ques-
tionnaires before the consultation began or if assistance
was required; the clinic audiologist read out the questions
for the patient to complete it immediately. This e-mail
appointment confirmation was sent to 53 patients.

Information Collected During the Consultation
The clinic audiologist reviewed the results of the

MDPQ-16 and the CPQ-12 before the patient attended
the face-to-face appointment. When the MDPQ-16 and
CPQ-12 scores indicated that digital proficiency was
rather limited, additional support was offered to patients.
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Additional support offered to patients included down-
loading of a mobile application to the patient’s mobile
phone, pairing mobile phone with the patient’s hearing
aids, and instructing on the use of the mobile application
to adjust volume and change programs.

This face-to-face appointment was conducted with
the clinic audiologist where the following information was
gathered: in-depth case history, needs assessment, medical
history, the length of time the patient was aware of their
hearing difficulty/challenges/loss, and a full audiological
diagnostic evaluation (Step 3). Results of the audiological
assessment were presented to the patient, and then treat-
ment options, together with counseling, were discussed with
the patient. If no red flags were observed (sudden onset of
hearing loss, middle ear pathology, asymmetrical hearing
loss, sudden onset of tinnitus, aural fullness, and vertigo),
needing referral to an otolaryngologist (ear, nose, throat
specialist), the patient was fitted with a trial set of hearing
aids and were counseled based on their needs (Step 4). After
trialing the set of hearing aids, patients had the option to
purchase their own set of hearing aids, were offered an on-
line audiological rehabilitation program, and were offered
ongoing coaching and counseling when needed (Step 5).

Data Analysis
Data were analyzed using SPSS Version 25 (2015)

and SAS Version 9.4 (2020). The Shapiro–Wilk test was
used to check the distribution of the following variables:
MDPQ-16, CPQ-12, SRT, age, years aware of hearing
loss, and better ear PTA. None of these variables were nor-
mally distributed, and therefore, nonparametric tests were
used. Statistical significance was set at p < .05. The Mann–
Whitney U test (nonparametric test) was used to compare
the differences between the two patient groups: discontin-
ued HHC (Step 4) and continued HHC (Step 5). Point
biserial correlations were used to examine associations
between continuous and binary variables, and Spearman
correlations were used to examine associations between
Likert-type (ordinal) and continuous variables.

To determine which factors were associated with who
continued with HHC, an exact logistic regression analysis
was conducted using SAS software (Version 9.4, 2020). Exact
logistic regression models a binary outcome variable (whether
or not a patient would acquire hearing aids and support
services through a hybrid online and face-to-face model)
with one or more predictor variables (SRT, MDPQ-16,
CPQ-12, gender, years aware of hearing loss, age, readiness,
stages of change, and better ear PTA). The following po-
tential predictors were omitted from the exact logistic re-
gression, as they were highly correlated (point-biserial or
Spearman correlations) with other variables included in the
model: CPQ-12, readiness, years aware of hearing loss, and
better ear PTA.

The categories of the stages of change were collapsed
into two groups: The first three stages were compared to
the fourth stage. Exact logistic regression was used as it is
more robust to limited samples: The analysis was completed
020
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on data from 53 participants. The small sample size pro-
vided sufficient power to include numerous independent
variables in an exact logistic regression model.
Results
Description of Participants

Over 2 years (June 23, 2017, to June 22, 2019), 8,118 par-
ticipants completed the online hearing screening test. Of
those, 7,898 were from South Africa, and 6,982 (86.01%)
were from the target location of greater Durban, South
Africa. Within this period, 1,259 people from the target
location submitted their details for the clinic audiologist to
contact; 931 (73.95%) failed the online hearing screening
test, and 328 (26.05%) passed it. Of the 931 participants
who failed and submitted their details, 53 (5.69%) partici-
pants became patients (57.41% male) of the clinic and took
up hearing services with a hybrid online and face-to-face
model by attending a face-to-face diagnostic hearing evalu-
ation (see Table 2).

The majority (84.91%) of the 53 patients accessed
the online hearing screening test through a mobile device
using either Android (60.38%) or iOS (24.53%), with a small
minority using a Windows PC (15.09%). Most patients
who completed Step 3 (84.91%) were in the preparation or
action stages of readiness to take up HHC (see Table 2).
After the diagnostic hearing evaluation, 35.85% of pa-
tients continued with HHC by purchasing hearing aids
(see Table 2).

The mean better ear PTA score was 38.48 dB HL
(SD = 19.50) for the total group who trialed hearing aids
(n = 53). People who continued with HHC (n = 19) had
a mean better ear PTA of 46.11 dB HL (SD = 23.14), and
people who discontinued with HHC (n = 34) had a mean
better ear PTA of 34.15 dB HL (SD = 15.95). When look-
ing closer at the patient groups who discontinued HHC
Table 2. Description of patient characteristics and readiness in seeking he

Variable
Step 3

Total group (n = 53)

Age
M (SD) 64.38 (15.09)
Range 33–101 years

Speech-in-noise recognition threshold
M (SD) −4.68 (6.51)
Range −10.80 to 16.0 dB

Pure-tone average (better ear)
M (SD) 38.43 (19.50)
Range 9–88 dB HL

Years aware of hearing loss
M (SD) 9.36 (12.52)
Range 0.1–60 years

Readiness stage on staging algorithm, % (n)
Stage 1: Precontemplation 3.8 (2)
Stage 2: Contemplation 11.3 (6)
Stage 3: Preparation 30.2 (16)
Stage 4: Action 54.7 (29)
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versus those who continued HHC, the following differences
were noted. Compared to patients who continued HHC,
patients who discontinued HHC were younger, had higher
SRT and better ear PTA scores, and were aware of their
hearing loss for a shorter time (see Table 2 for compari-
sons). Regarding the stages of change scores, patients who
discontinued HHC were equally divided between stages
precontemplation, contemplation, and preparation (n = 17)
and action (n = 17), as compared to patients who contin-
ued HHC; 63.2% of patients reported stage action (n = 12;
see Table 2).

Mobile Device and Computer Proficiency
in Adults Who Sought HHC Online

The mobile proficiency (MDPQ-16) and computer
proficiency (CPQ-12) mean scores and ranges are reported
in Tables 3 and 4. With regard to the domains on each of
the proficiency questionnaires, lower scores were found on
more complex tasks such as data and file storage, calen-
dar use, entertainment, and privacy settings (see Tables 3
and 4). Statistically significant differences were found on
the Mann–Whitney U test between patients in Step 4 (dis-
continued HHC) and Step 5 (continued HHC) on the fol-
lowing domains of the MDPQ-16: basics (p = .037), data
file and storage (p = .026), calendar (p = .013), privacy
(p = .022), and troubleshooting and software management
(p = .024; see Table 3). Only two statistically significant
differences were found on the CPQ-12 between the groups in
Steps 4 and 5 on the following domains: calendar (p = .025)
and entertainment (p = .040; see Table 4).

The reliability of the MDPQ-16 (see Table 3) and
CPQ-12 (see Table 4) was assessed with Cronbach’s alpha,
where alpha of above .70 was considered acceptable (Field,
2018). The overall reliability of the MDPQ-16 was excel-
lent (Cronbach’s α = .90), with the reliability of the eight
domains ranging from .66 to .99. The overall reliability of
aring health care (HHC).

Step 4
Discontinued HHC (n = 34)

Step 5
Continued HHC (n = 19)

59.21 (14.42) 73.63 (11.62)
33–86 years 52–101 years

−6.51 (3.96) −1.41 (8.72)
−10.80 to 5.60 dB −10.80 to 16.00 dB

34.15 (15.95) 46.11 (23.14)
9–79 dB HL 9–88 dB HL

6.37 (9.26) 14.71 (15.77)
0.1–40 years 0.5–60 years

5.9 (2) 0.0 (0)
14.7 (5) 5.3 (1)
29.4 (10) 31.6 (6)
50.0 (17) 63.2 (12)
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Table 3. Mean and standard deviation for mobile proficiency measurement using the Mobile Device Proficiency Questionnaire (MDPQ-16) of
all patients who completed Steps 3, 4, and 5.

MDPQ-16 (n = 53)

Step 3
Total group,

n = 53
(M; SD)

Range
(min–max)

Step 4
Discontinued
HHC, n = 34

(M; SD)

Step 5
Continued HHC,

n = 19
(M; SD)

Mann–Whitney
(p value)

MDPQ-16 total: 28.83; 9.63 8.50–40.00 31.28; 11.35 25.58; 12.39 190.00 (.013*)
1. Mobile device basics 4.40; 1.15 1.00–5.00 4.65; 0.85 3.95; 1.47 230.50 (.037*)
2. Communication 4.07; 1.45 1.00–5.00 4.24; 1.30 3.76; 1.67 275.50 (.322)
3. Data and file storage 3.04; 1.81 1.00–5.00 3.41; 1.78 2.37; 1.71 210.00 (.026*)
4. Internet 4.10; 1.45 1.00–5.00 4.25; 1.34 3.84; 1.64 283.50 (.396)
5. Calendar 3.44; 1.79 1.00–5.00 3.93; 1.59 2.58; 1.84 197.50 (.013*)
6. Entertainment 3.44; 1.30 1.00–5.00 3.38; 1.39 3.55; 1.14 305.50 (.740)
7. Privacy 3.41; 1.49 1.50–5.00 3.75; 1.45 2.79; 1.40 203.50 (.022*)
8. Troubleshooting and software management 3.34; 1.66 1.00–5.00 3.68; 1.67 2.74; 1.52 206.50 (.024*)

Note. HHC = hearing health care.

*p < .05.
the CPQ-12 was also excellent (Cronbach’s α = .93), with
the reliability of the six domains ranging from .84 to .97.
Correlation analyses between uptake of HHC services and
potential predictor variables were conducted to inform the
inclusion of independent variables for the exact logistic re-
gression to determine possible predictors for persons who
continued with HHC.

The following statistically significant correlations
were found between CPQ-12 and MDPQ-16 (corr = .74,
p < .001), between readiness and stages of change (corr = .60,
p < .001), and between better ear PTA and SRT (corr =
.75, p < .001). Thus, CPQ-12, readiness, and better ear PTA
were excluded from the model since the correlations were
moderate to strong (corr = .6 and higher; Akoglu, 2018).
It should be noted that the correlation between years aware
of hearing loss and the stages of change was statistically
significant, albeit only moderate (corr = .33, p < .001).
Years aware of hearing loss was initially included in the
model; however, since it did not contribute significantly
to the model (p = .053), it was excluded from the final
model.
Table 4. Mean and standard deviation for computer proficiency measurem
patients who completed Steps 3, 4, and 5.

CPQ-12

Step 3
Total group,

n = 53
(M; SD)

Range
(min–max)

CPQ-12 total: 23.86; 7.30 6.00–30.00
1. Computer basics 4.55; 1.10 1.00–5.00
2. Printer 4.00; 1.54 1.00–5.00
3. Communication 4.47; 1.25 1.00–5.00
4. Internet 4.21; 1.29 1.00–5.00
5. Calendar 3.36; 1.81 1.00–5.00
6. Entertainment 3.50; 1.57 1.00–5.00

Note. HHC = hearing health care.

*p < .05.
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MDPQ-16 was chosen for the regression model as
the majority of patients (84.91%) completed the online hear-
ing screening test from a mobile phone rather than a com-
puter. The exact logistic regression included the MDPQ-16,
SRT, gender, age, and stages of change as predictor vari-
ables. Only age was a significant predictor for those con-
tinuing with a hybrid HHC model, β = 0.072 (parameter
estimate) with 95% CI [0.01, 0.144] and OR = 1.075 with
95% CI [1.011, 1.155], both with p = .018. Older people were
more likely to continue with HHC. The odds ratios for age
were 1.075, indicating that for every year a person gets
older, they are 1.08 times more likely to continue with a
hybrid HHC model, with R2 = .275, accounting for 27.5%
variance (see Table 5).

A positive, strong (r2 = .69) correlation between age
and the MDPQ-16 indicated that patients who continued
with HHC are older and scored poorer (see Figure 2a).
Whereas between CPQ-12 and age, a positive moderate
(r2 = .40) correlation is reported for the group who contin-
ued with HHC (see Figure 2b). Total group scores indi-
cate a positive moderate (r2 = .40, p < .001) correlation
ent using the Computer Proficiency Questionnaire (CPQ-12) of all

Step 4
Discontinued
HHC, n = 34

(M; SD)

Step 5
Continued HHC,

n = 19
(M; SD)

Mann–Whitney
(p value)

25.31; 7.73 21.90; 9.60 230.50 (.085)
4.62; 0.99 4.42; 1.31 316.00 (.793)
4.18; 1.42 3.68; 1.73 287.50 (.445)
4.62; 1.02 4.21; 1.59 305.00 (.574)
4.32; 1.12 4.00; 1.56 304.50 (.714)
3.77; 1.69 2.63; 1.83 209.50 (.025*)
3.81; 1.5 2.95; 1.59 217.00 (.040*)

020
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Table 5. Results of exact logistic regression identifying predictors of taking up hearing health care services with a hybrid online and face-to-
face model (n = 53).

Factor Exact parameter estimates OR (95% CI) Two-sided p value

MDPQ-16 0.013 1.01 [0.94, 1.10] .769
SRT 0.09 1.09 [0.98, 1.24] .109
Gender

(male benchmarked against female)
0.068 1.07 [0.24, 5.48] 1.

Age 0.072 1.08 [1.01, 1.16] .018*
Stages of change

(action benchmarked against precontemplation,
contemplation and preparation)

0.357 1.43 [0.32, 6.48] .827

Note. CI = confidence interval; MDPQ-16 = Mobile Device Proficiency Questionnaire; SRT = speech reception threshold; CPQ-12 = Computer
Proficiency Questionnaire.

*p < .05.
between age and MDPQ-16 and a positive weak correla-
tion (r2 = .22, p = .009) between age and CPQ-12.

Discussion
This study characterized self-perceived mobile device

and computer proficiency of 53 adults with hearing loss who
took up hearing services through an online and face-to-face
model. In this study, average proficiency scores for mobile
device and computer use were 28.83 (SD = 9.63) out of
40 (MDPQ-16) and 23.86 (SD = 7.30) out of 30 (CPQ-12),
respectively. Only age was significantly associated with up-
take of hearing services, with older subjects being more
likely, using a hybrid online and face-to-face service.

There is a dearth of research on mobile proficiency
with summarized results (see Table 1) in adults with hear-
ing loss showing that, apart from one study, all computer
skills and Internet research used nonvalidated measures.
Younger people typically score higher on digital proficiency
measures. Our study showed higher mobile proficiency
compared to other studies of adults without hearing im-
pairment (Moret-Tatay et al., 2019; Roque & Boot, 2018).
However, computer literacy in this study is slightly lower
Figure 2. Relationship between (a) age and the Mobile Device Proficiency
Questionnaire (CPQ-12) for patients who discontinued and continued hear
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than for adults with significant computer experience, where
older adults were less computer proficient (Boot et al., 2015).
Computer proficiency scores in this study (CPQ-12 = 23.86,
SD = 7.30) compared well with a group of persons with
significant computer experience (CPQ-12 = 25.67, SD = 3.84)
from the general public (Boot et al., 2015). Although people
might not be proficient with complex tasks, they may be
able to access online health care by completing the online
hearing screening test without difficulty or asked for assis-
tance. People with hearing loss may have a better computer
and mobile device proficiency than the general population
(Gonsalves & Pichora-Fuller, 2008; Thorén et al., 2013)
due to the visual nature of online communication being less
reliant on hearing. However, since this study used purpo-
sive sampling, which targeted adults with hearing loss who
were accessing information online, comparison with studies
that used random sampling should be made with caution,
as the respondents were all Internet users.

Gonsalves and Pichora-Fuller (2008) reported that
people with hearing impairment without a hearing aid used
the Internet and e-mail significantly less than those with
hearing aids. The non–hearing aid users also appeared
to use the computer, fax, and ATM less than those with
Questionnaire (MDPQ-16) and (b) age and the Computer Proficiency
ing health care.
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normal hearing and those using hearing aids. In compari-
son, a more recent study reported that technology use
did not vary from people who did not own or wear their
hearing aids versus those who did after controlling for age,
gender, and living arrangement (Ham et al., 2014). Results
from this study further support that the findings that digi-
tal proficiency does not affect the uptake of HHC services
when combining online and face-to-face services. This
study is the first to assess digital proficiency of patients in
a combined online and face-to-face HHC model as com-
pared to previous studies that used a traditional face-to-
face model. A large percentage of patients (67.39%) in
the hybrid model presented here took up hearing services
by completing a diagnostic hearing evaluation but then
discontinued care by not opting for hearing aids and sup-
port services (Ratanjee-Vanmali et al., 2020).

Even though in this study, self-perceived digital pro-
ficiency decreased as the age of respondents increased,
mobile device and computer proficiency were not associ-
ated with the uptake of hearing services through a hybrid
of online and face-to-face services. However, age was
associated with the uptake of hybrid HHC services, with
older patients more likely to continue with HHC. A pre-
vious study (Ham et al., 2014) reported that older adults
and being female were associated with decreased technol-
ogy use.

Even though the patients initiated HHC by complet-
ing the first step of the online hearing screening test, the
majority (84.91%) from a mobile device, this patient group
was already aware of their hearing difficulties and capable
of using the Internet from their mobile devices. There-
fore, providers need to be cognizant when developing their
online content to ensure that it employs a responsive design
for positive mobile phone user experiences (Ratanjee-
Vanmali et al., 2019).

The rapid increase in connectivity and mobile device
usage has made online hearing screening very accessible
(De Sousa et al., 2018). This study suggests that the older
the patient, the more likely they will continue with HHC,
even though their self-perceived digital skills (mobile and
computer proficiency) may be lower. Lower proficiency
did not prevent older adults from seeking and continuing
HHC in a hybrid hearing care service, in which the first
step entailed an online hearing screening test. Digital liter-
acy is, therefore, not necessarily a hindrance to the uptake
of online services. Providing good design and usability can
go a long way toward increasing the accessibility of mobile
HHC services (Covery et al., 2019). Since patients in this
sample sought HHC with the first step of an online hearing
screening test, their level of digital proficiency was not as-
sociated with the uptake of hearing services, which suggest
that online options for HHC may be important avenues
for adults with hearing loss.

This study is the first report on self-perceived mobile
device proficiency in people with hearing loss. Logistic
regression was used to control for the effect of covariates
on the relationship between digital proficiency and the
uptake of hearing services using a hybrid model of online
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and face-to-face methods. The small sample size pro-
vided less statistical power to the analyses, but an exact
regression model was utilized to account for confounding
variables.

The sample is not representative of the general popu-
lation as it sampled patients who used online methods to
access HHC. However, digital proficiency levels in this
group did not influence the uptake of hearing services through
a combination of online and face-to-face methods. Adult
patients with lower mobile and computer proficiency may
have had the support/assistance from a significant other to
acquire hearing aids and support services from a hybrid
service delivery model. The exact regression model could
have been strengthened by including other factors associ-
ated with hearing aid adoption, such as severity of hearing
loss (measured or perceived), self-reported activity limita-
tions or participation restrictions, perceived benefits and
barriers to hearing aid adoption, and support from signifi-
cant others (Meyer & Hickson, 2012).

Conclusions
Self-perceived digital proficiency, or the ability to

use mobile devices and computers, was not a predictor for
acquiring hearing aids and support through an online and
face-to-face (hybrid) HHC model. Age was the only factor
predicting uptake of online and face-to-face HHC ser-
vices, with older patients being more likely to continue with
HHC. With the availability of carefully designed eHealth
tools to supplement current service delivery models, digital
proficiency may not be vital for the uptake of such ser-
vices. Hybrid services encourage hearing care professionals
to assist patients in face-to-face modalities in combination
with online services. Treatment plans can be tailored to
meet the individual needs of the patient, thereby delivering
convenient, personalized, and patient-centered care by uti-
lizing a hybrid service delivery offering.
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