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Geographic Distribution of the Hearing Aid
Dispensing Workforce: A Teleaudiology

Planning Assessment for Arizona

Laura Coco,a Kyle Sorlie Titlow,b and Nicole Marronea
Purpose: Teleaudiology helps connect patients in rural
and underresourced areas to hearing health care providers,
minimizing the barrier of geography (Swanepoel et al.,
2010). In the United States, teleaudiology is at the initial
stages of implementation (Bush, Thompson, Irungu, &
Ayugi, 2016). Telehealth researchers recommend conducting
a comprehensive planning assessment to optimize
implementation and adoption (AlDossary, Martin-Khan,
Bradford, Armfield, & Smith, 2017; Alverson et al., 2008;
Krupinski, 2015). A geographic analysis of the hearing
aid dispensing workforce served as the initial stage of
a teleaudiology planning assessment in Arizona.
Method: The analysis used publically available data sets
from the U.S. Census, Arizona Department of Health Services,
and the U.S. Veterans Administration. Geographic
information system tools were used to analyze and
visually represent population, potential teleaudiology
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site data, and hearing aid dispensing workforce (defined
as audiologists and hearing instrument specialists
licensed to dispense hearing aids in Arizona). ArcGIS
was used to generate road networks and travel distance
estimations.
Results: The number of audiologists per county ranged
from 0 to 216 (average 22.1). Six out of Arizona’s 15 counties
lacked a single audiologist, and 2 counties lacked a
hearing instrument specialist. Potential expansion sites
for teleaudiology were located in areas of the state that
lacked practice locations for hearing aid services.
Conclusions: There are geographic areas of Arizona that
lack licensed hearing aid locations yet are populated by
individuals who may need services. Resource availability
data inform teleaudiology program expansion. Future
research will include data from providers and community
members on their perceived needs for services.
Aresearch has shown that a number of health care
fields are impacted by disparities in access, in-
cluding hearing health care (National Academies

of Sciences, Engineering, and Medicine, 2016). Such dis-
parities in access to care may occur as differences in utili-
zation of services or, more fundamentally, in terms of the
availability of the services themselves. It is known that an
individual’s geographic proximity to a provider can affect
his or her access to health care services (Gulliford et al.,
2002). An estimated 20% of the U.S. population lives
rurally, yet health care providers are more likely to practice
in urbanized areas (Rosenblatt, Andrilla, Curtin, & Hart,
2006). There are currently an estimated 14,600 audiologists
nationwide (Bureau of Labor Statistics, U.S. Department
of Labor, 2017). According to a supply-and-demand pro-
jection, it was estimated that the number of audiologists
should double in the next 30 years to meet the needs of the
growing patient population (Windmill & Freeman, 2013).
Research has also indicated patients in rural areas may re-
ceive delayed hearing health care services compared with
patients in urban areas (S. Chan, Hixon, Adkins, Shinn, &
Bush, 2017; Hixon, Chan, Adkins, Shinn, & Bush, 2016).
Improvements in service delivery may lead to more timely
intervention for older adults with hearing loss and increase
the number of individuals who are fit with hearing aids, a
national priority set by Healthy People 2020 (n.d.).

One strategy that has shown to improve access to
services for patients living rurally is telehealth (Merrell &
Doarn, 2008; Smith & Gray, 2009). A number of medical
subspecialties have adopted telehealth, including radiology
(Stahl et al., 2017), psychiatry (Yellowlees et al., 2017), and
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dermatology (Leavitt et al., 2016). Teleaudiology, or the re-
mote delivery of hearing health services, has shown to mini-
mize accessibility barriers related to geography, such as lack
of transportation and limited availability of audiologists
(Swanepoel et al., 2010). In addition, research has established
the validity of a number of audiologic services delivered via
teleaudiology as compared with in-person services, including
hearing aid fittings (Campos & Ferrari, 2012; Dennis,
Gladden, & Noe, 2012). Teleaudiology is in the early stages
of implementation in the United States (Bush, Thompson,
Irungu, & Ayugi, 2016). The U.S. Veterans Administration
(VA) has been at the forefront of the development and im-
plementation of teleaudiology and has demonstrated that it
can help lower costs and increase accessibility (Dennis et al.,
2012; Gladden, 2013; Gladden, Beck, & Chandler, 2015).

To optimize the implementation of telehealth inter-
ventions, it has been recommended to conduct a compre-
hensive planning assessment (AlDossary, Martin-Khan,
Bradford, Armfield, & Smith, 2017; Alverson et al., 2008;
Krupinski, 2015; N. Soares, Dewalle, & Marsh, 2017). For
example, AlDossary et al. outlined a theory-based telehealth
planning framework, based on a survey of the population
(potential client base), workforce, transportation systems at
local patient sites, and potential opportunities for expan-
sion (AlDossary et al., 2017). In addition, the authors rec-
ommend consulting with key stakeholders within the target
community to set priorities for a potential intervention.

The purpose of this report is to present results from
a geographic analysis of population, workforce, and clinic
sites as part of a teleaudiology planning assessment for
Arizona. Because professional licensure and hearing aid
dispensing laws in the United States are state specific, we
focused our analysis at a state level. Previous studies have
identified rural/urban differences in workforce distribution
across the country in primary care and otolaryngology
(Vickery & Cabrera-Muffly, 2016). In addition, a community
needs assessment in a rural part of Arizona identified that
there is a high need for hearing health care services locally
(Ingram et al., 2016). Therefore, we hypothesized that mem-
bers of the hearing aid dispensing workforce would be con-
centrated to more densely populated areas of the state. For
this planning assessment, the analysis focused on the workforce
licensed to dispense hearing aids in Arizona relative to one of
the largest populations to access hearing aids, adults over age
65 years (Lin, Thorpe, Gordon-Salant, & Ferrucci, 2011).

Telehealth researchers recommend including a prag-
matic selection of local patient sites as a method for opti-
mizing implementation and adoption of the intervention
(Van Dyk, 2014; Yellowlees, 2005). There are at least two
national community clinic networks known to have wide
reach of individuals who live rurally: Community-Based
Outpatient Clinics and Federally Qualified Health Centers.
First, Community-Based Outpatient Clinics are nonhospital
local providers of basic health care for U.S. Veterans (Cen-
ters for Medicare & Medicaid Services, 2018; Hedeen et al.,
2002). There are over 1,000 Community-Based Outpatient
Clinics serving Veterans across the United States, 20%
of whom report they live rurally (Holder, 2017). For
non-Veterans, an estimated 20 million individuals receive
health care services at 6,000 Federally Qualified Health
Center sites across the United States (Doty, Abrams,
Hernandez, Stremikis, & Beal, 2010). These community
clinics are located in federally designated Health Profes-
sional Shortage Areas (HPSAs) and are therefore eligible
to receive federal reimbursements for delivering health
services to all individuals, regardless of ability to pay
(Health Resources & Services Administration, 2018). We
include these sites in the planning assessment to demon-
strate potential opportunities for teleaudiology expansion.

This project involves the use of geographic information
system (GIS) tools—computer programs used to process,
transform, edit, and analyze datasets with spatial compo-
nents and attributes—to identify the county-level geographic
locations of members of the audiology and hearing instru-
ment specialist workforce and older adults with hearing
loss. In addition, we calculated the distance an older adult
with hearing loss would need to travel to reach the nearest
hearing aid dispensing provider. GIS tools have been used
previously to describe health care utilization and access
(McLafferty, 2003), including in telehealth program plan-
ning (Ripley et al., 2014; N. S. Soares, Johnson, & Patidar,
2013). However, this is the first known implementation of
GIS tools for a teleaudiology planning assessment.
Method
Data Sources for Population, Workforce,
and Clinic Locations

This was a retrospective analysis of population,
workforce, and clinic location data. Population data were
obtained from the U.S. Census, using population estimates
for 2017 (U.S. Census, 2017). The U.S. Census generates
annual population estimates based on the most recent
U.S. Census (2010). Estimates are created using a number
of indicators, including migration patterns, Medicare en-
rollment data, and tax return data. To demonstrate popu-
lation geographically, we adopted the U.S. Department of
Agriculture’s Rural–Urban Continuation Codes (RUCC)
classification system. Each county in the United States is
assigned one of nine codes based on its metropolitan or
nonmetropolitan status and population size. Counties in
Arizona fell into six of these nine categories (U.S. Depart-
ment of Agriculture, 2016). To calculate the estimated
population of individuals ≥ 65 years in Arizona who have
hearing loss, we interpolated national audiometric preva-
lence data from the National Health and Nutrition Ex-
amination Surveys, published by Lin et al. (2011).

Here, workforce was defined as individuals who hold
the state licensure to dispense hearing aids in Arizona:
audiologists and hearing instrument specialists. Audiologists
are licensed to deliver specialty care, including comprehen-
sive diagnostic audiometry, pediatric care, vestibular re-
habilitation, and cochlear implant programming. Arizona
audiologists who fit and dispense hearing aids must pursue
an additional “dispensing audiologist” license. By contrast,
Coco et al.: Teleaudiology Planning Assessment 463



hearing instrument specialists are licensed as “hearing aid
dispensers” with a scope of practice that is limited to
specific hearing aid services, such as basic hearing tests
for the sole purpose of dispensing hearing aids to adults
and fit and sell hearing aids. Nationally, there are an esti-
mated 12,000 audiologists and 7,000 hearing instrument
specialists (Bureau of Labor Statistics, U.S. Department
of Labor, 2017). To identify county-level locations of au-
diologists and hearing instrument specialists, we used a
publicly available dataset maintained by the Arizona
Department of Health Services (ADHS, 2017b). Locations
were identified as registered practice addresses for individ-
uals holding active dispensing audiology licenses or hearing
aid dispenser licenses. Data were accessed on June 17, 2017,
and were based on an update made on June 1, 2017. Feder-
ally Qualified Health Center locations were obtained from
the ADHS Shortage Designation Program Mapper, a publi-
cally available online tool used for visualization of health
care resources (ADHS, 2017a). Data were accessed on June
17, 2017. Location data for Community-Based Outpatient
Clinics were obtained from a publically available facilities
directory, accessed on September 8, 2017 (U.S. VA, 2015).

Geographic Analysis of Data and Travel
Distance Estimations

To demonstrate the geographic distribution of the
population of Arizona, the workforce distribution, and the
potential expansion locations for teleaudiology, maps were
created using ArcMap (Version 10.5), a GIS software sys-
tem produced by the Environmental Systems Research
Institute (2017). Data from the U.S. Census were tabulated
and input into ArcMap. To describe license locations, we
exported tabulated ADHS data that contained the longitu-
dinal and latitudinal coordinates of audiologists’ and hear-
ing instrument specialists’ license locations into ArcMap.
For a small subset of licensees, only zip code data were pro-
vided (audiologists = 23 and hearing instrument specialists =
7). For these sites, latitude and longitude were approxi-
mated to the centerpoint of the corresponding zip code.

We utilized GIS tools and the Arizona road network
to estimate average travel distance to the nearest member
of the hearing aid workforce. To calculate the travel dis-
tance, we used the “Find Nearest Feature” network analyst
tool in ArcGIS. Three points are used to identify the short-
est path distance between the given origin–destination pair:
“origin,” “route,” and “destination.” To generate origin
points, we used the estimated population of individuals
≥ 65 years with hearing loss. To fit within the computational
power of our analyses, a stratified random selection of
10,000 individuals from the full target population was
created. The resulting subsample was proportionally repre-
sented in each county as origin points (e.g., Maricopa County
has 53.7% of the total estimated population ≥ 65 years
with hearing loss and, therefore, received 53.7% of the
10,000 sample points). Origin points were distributed
equidistant from each other. Destination points were consid-
ered license locations of individual licensed audiologists
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and hearing instrument specialists (n = 879). The route net-
work was constructed using an up-to-date nationwide road
dataset acquired from Environmental Systems Research In-
stitute ArcMap’s online database. To demonstrate distance
variation within counties, data were shown as a choropleth
map, with lighter gradations of color representing further
travel distance, using increments of 25 mi.
Results
Population

As shown in Table 1, Arizona has a population of
7,016,270 across 15 counties. Maricopa, where the state’s
capitol Phoenix is located, is the most densely populated
county, with 60% of the state’s population (population:
4,307,033). The second most densely populated county is
Pima, where 15% of the state’s total population lives (pop-
ulation: 1,022,769). Arizona’s six metro counties make up
89% of the state’s total population, whereas nine nonmetro
counties account for just 10% of the total statewide popu-
lation. The estimated population of individuals ≥ 65 years
with unilateral or bilateral hearing loss ranged from 737
(Greenlee) to 414,936 (Maricopa), with a statewide total
estimate of 780,829 older adults with hearing loss. The dis-
tribution of individuals ≥ 65 years per county ranged from
12% (Coconino) to 38% (La Paz).

Hearing Aid Dispensing Workforce
A map of Arizona with the geographic practice loca-

tions of audiologists and hearing instrument specialists and
population density across Arizona is provided in Figure 1.
At the time of the analysis, there were a total of 332 audi-
ologists and 547 hearing instrument specialists licensed to
dispense hearing aids in Arizona. There was an average of
22.1 audiologists per county (range: 0 to 216). Most of the
audiologists (216) were in the county with the highest pop-
ulation (Maricopa). Six out of the state’s 15 counties (40%)
had not a single audiologist. The average population in the
counties that had 0 audiologists was 39,780 people (range:
8,437 to 53,597). Across Arizona, there was an average of
36.5 hearing instrument specialists per county (range: 0 to
335). The county with the greatest population, Maricopa,
also had the greatest number of hearing instrument special-
ists (335). Two counties had not a single hearing instrument
specialist (Greenlee, population: 9,455 and La Paz, popu-
lation: 20,601). Neither of these counties had an audiologist.
Combining audiologists and hearing instrument specialists
(n = 879) revealed that 94% (829) were located in Arizona’s
six metro counties, whereas just 6% were located in Arizona’s
nine nonmetro counties.

Person-to-Provider Ratio
We calculated the ratio of the estimated population

≥ 65 years with hearing loss per audiologist and per hearing
instrument specialist. For the nine counties with audiolo-
gists, the average ratio was 6,049:1 (SD = 5,119), with a
018



Table 1. Details of the Arizona population and hearing aid dispensing workforce by county.

Arizona
County Populationa

Estimated population
≥ 65 years with
hearing lossb Audiologistsc

Hearing
instrument
specialistsc

Person-to-provider ratiod

Audiologists
Hearing instrument

specialists

Apache 71,606 5,585 0 2 — 2,793:1
Cochise 124,756 17,029 6 4 2,838:1 4,257:1
Coconino 140,776 10,981 13 14 845:1 784:1
Gila 53,501 9,737 0 4 — 2,434:1
Graham 37,466 3,166 0 1 — 3,166:1
Greenlee 9,455 737 0 0 — —
La Paz 20,601 5,088 0 0 — —
Maricopa 4,307,033 419,936 216 335 1,944:1 1,254:1
Mohave 207,200 39,057 3 22 13,019:1 1,775:1
Navajo 108,956 12,040 4 2 3,010:1 6,020:1
Pima 1,022,769 126,312 77 109 1,640:1 1,159:1
Pinal 430,237 55,931 5 12 11,186:1 4,661:1
Santa Cruz 46,212 5,106 0 2 — 2,553:1
Yavapai 228,168 44,493 3 27 14,831:1 1,648:1
Yuma 207,534 25,630 5 13 5,126:1 1,972:1
State Total 7,016,270 780,829 332 547 — —

Note. Em dashes indicate zero denominator.
aU.S. Census annual estimates of the resident population: April 1, 2010, to July 1, 2017 (U.S. Census, 2017). bApplying National Health and
Nutrition Examination Survey estimates for individuals with unilateral or bilateral hearing loss (Lin et al., 2011). cAudiologists and hearing
instrument specialists with licenses to dispense hearing aids in Arizona as of June 17, 2017 (Arizona Department of Health Services, 2017b).
dEstimated population ≥ 65 with hearing loss per audiologist and per hearing instrument specialist.
range of 845:1 (Coconino) to 14,831:1 (Yavapai). For the
13 counties with hearing instrument specialists, the average
ratio was 2,652:1 (SD = 1,473), with a range of 784:1
(Coconino) to 6,020:1 (Navajo).

Estimated Travel Distance
Road travel distances were calculated for the estimated

population of individuals ≥ 65 years with hearing loss to
the nearest hearing aid dispensing provider. Average travel
distance results are represented in Figure 2 as a graduated
color (choropleth) map. Travel distance calculations were
first performed for audiologists and hearing instrument
specialists separately. Across Arizona’s 15 counties, the av-
erage travel distance was 46.1 mi to an audiologist and
36.34 mi to a hearing instrument specialist. A two-tailed
independent-samples t test of the difference between groups
was not significant (p = .2308). We then calculated the
average travel distance a potential patient would need to
travel to reach either an audiologist or hearing instrument
specialists (closest of the two). Results revealed that the
average travel distance was 23.84 mi across Arizona’s
15 counties. Travel distances were calculated to be as
short as 2.30 mi (Maricopa) and as long as 118.90 mi
(Apache). Six out of Arizona’s 15 counties had average
travel distances greater than 20 mi.

Potential Expansion for Hearing Aid Services
Using Teleaudiology

A map is provided in Figure 3 showing the locations
of Arizona’s 38 Community-Based Outpatient Clinics and
212 Federally Qualified Health Center sites and the
population density for the state of Arizona. We calculated
the estimated travel distance for the estimated population
of individuals ≥ 65 years with hearing loss to these sites. To
community-based outpatient clinics, travel distances were
calculated to be as short as 7.11 mi (Graham) and as far
as 63.89 mi (La Paz). Travel distances to Federally Qualified
Health Centers were calculated to be as short as 3.46 mi
(Santa Cruz) and as far as 69.86 mi (Apache). In addi-
tion, in three counties (Apache, Cochise, Coconino) the
average travel distance to a Community-Based Outpatient
Clinic was shorter than to a hearing aid dispensing location.
In 11 out of 15 counties, the average estimated travel dis-
tance to a Federally Qualified Health Center was shorter
than to a hearing aid dispensing location. Average travel
distances by county can be found in Table 2.
Discussion
The aim of this project was to describe the geographic

distribution of the population and hearing aid workforce
across Arizona as the first phase of a comprehensive tele-
audiology planning assessment. This aim is aligned with an
ongoing program of research related to reducing disparities
in access to hearing health care. GIS mapping techniques
were used to demonstrate the distribution of the workforce
in relation to the estimated population of individuals
≥ 65 years with hearing loss. We analyzed population
data relative to workforce population and estimated dif-
ferences in travel burden from areas across the state using
road travel distance. A similar methodology has been used
to plan interventions in other health care professions, includ-
ing in telehealth (N. Soares et al., 2017; N. S. Soares et al.,
Coco et al.: Teleaudiology Planning Assessment 465



Figure 1. Practice locations of audiologists and hearing instrument specialists licensed to dispense hearing aids. Total Arizona population
is shown, using the U.S. Department of Agriculture’s (USDA) Rural–Urban Continuum Code system. Only codes represented in Arizona are
illustrated.
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Figure 2. Estimated road travel distances for the estimated population of individuals age ≥ 65 years with hearing loss to the nearest location
of licensed hearing aid services.
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Figure 3. Locations of potential teleaudiology expansion sites. Total Arizona population is shown, using the U.S. Department of Agriculture’s
(USDA) Rural–Urban Continuum Code system. Only codes represented in Arizona are illustrated.
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Table 2. Mean and standard deviation road distance estimates (in miles) to the nearest licensed hearing aid services and to
potential teleaudiology expansion sites.

Arizona
County

Licensed hearing aid
servicesa

Potential teleaudiology expansion site

Community-Based
Outpatient Clinicb

Federally Qualified
Health Centerc

M SD M SD M SD

Apache 118.90 (36.97) 39.59 (17.66) 69.86 (28.01)
Cochise 21.60 (21.29) 23.30 (19.94) 6.72 (8.79)
Coconino 17.34 (23.09) 13.65 (20.17) 14.99 (19.97)
Gila 8.86 (9.32) 11.79 (9.88) 10.41 (9.61)
Graham 6.83 (7.89) 7.11 (8.89) 6.58 (8.00)
Greenlee 41.56 (4.13) 42.55 (2.80) 5.72 (2.77)
La Paz 58.16 (17.29) 63.89 (16.09) 58.02 (13.29)
Maricopa 2.30 (3.29) 7.71 (23.68) 3.74 (9.22)
Mohave 7.68 (13.16) 27.09 (47.02) 10.48 (18.44)
Navajo 35.75 (33.11) 19.03 (12.41) 24.44 (26.48)
Pima 4.11 (7.05) 7.34 (25.27) 3.50 (12.94)
Pinal 7.89 (7.68) 17.48 (12.67) 5.28 (10.24)
Santa Cruz 6.75 (5.82) 33.59 (7.76) 3.46 (4.99)
Yavapai 8.05 (11.38) 13.68 (17.61) 10.47 (15.44)
Yuma 6.47 (9.83) 9.26 (17.05) 4.11 (8.76)

Note. Travel distances calculated for estimated population of individuals age ≥ 65 years with hearing loss in Arizona.
aAudiologists and hearing instrument specialists who held active licenses to dispense hearing aids in Arizona as of June 17,
2017 (Arizona Department of Health Services, 2017b). bCommunity-Based Outpatient Clinics are health centers that serve as
the providers of basic health services to Veterans who live far from a larger health center (Centers for Medicare & Medicaid
Services, 2018). cFederally Qualified Health Centers are health centers that operate in Health Professional Shortage Areas
and are eligible to receive reimbursements under the Centers for Medicare and Medicaid Services for providing primary and
preventative care to all individuals, regardless of ability to pay (Health Resources & Services Administration, 2018).
2013). The novel contribution of this study is the applica-
tion of GIS tools for teleaudiology resource planning.

Our results revealed that the majority (94%) of the
hearing aid workforce in Arizona practiced in metro counties,
and six counties had not a single audiologist. These find-
ings are consistent with previous geographic analyses that
described urban/rural variations in the otolaryngology
workforce. A recent geographic analysis of otolaryngolo-
gists across the United States demonstrated that 92.8% of
providers practiced in counties with populations greater than
75,000 individuals. In addition, authors of the study esti-
mated that nearly two thirds of the country lacked sufficient
access to an otolaryngologist (Vickery & Cabrera-Muffly,
2016). The authors concluded that there is a high need for
increased funding for educational programs and a need for
strategies that increase access to counties with small popu-
lations. Similar arguments have been made in the field of
audiology (Windmill & Freeman, 2013).

Arizona’s statewide average is consistent with the
national average of four audiologists per 100,000 people
(American Speech-Language-Hearing Association, 2017).
The methodology used in this study also allowed us to cap-
ture county-level distributions of audiologists, which ranged
from 1.33 (Pinal) to 9.67 (Coconino) per 100,000 popula-
tion, indicating potential areas of maldistribution within
the state. Such data may help inform policy for future state
and federal designation and reimbursement guidelines. For
example, in the United States, areas with too few primary
medical care, dental, or mental health care providers can
receive federal designation as HPSAs. These areas are eligi-
ble to receive federal funding to support health programs
(Health Resources & Services Administration, 2018). Cur-
rently, hearing health care provider availability data are
not represented in HPSA determination criteria. However,
the current study can contribute information that helps aid
policy makers in advocating for crucial hearing health care
resources.
Travel Distance
The current study contributes to the literature by using

GIS tools to demonstrate the anticipated road distance for
the estimated population of individuals ≥ 65 years with
hearing loss to the nearest location of licensed hearing aid
services. County-level results indicated that individuals lo-
cated in more densely populated areas may have shorter
travel distances compared with their more rural counterparts.
These results are supported by previous research from
primary care and other areas of specialty health care that
have demonstrated rural/urban differences in travel to
health services. For example, a retrospective chart review
by Chan et al. (2006) investigated the travel distances for
Medicare patients to reach specialty health care appoint-
ments. Results showed that individuals who lived in areas
of less than 25,000 people traveled two to three times fur-
ther to see medical and surgical specialists than individuals
who lived in more densely populated areas of more than
25,000 people (L. Chan, Hart, & Goodman, 2006). In
Coco et al.: Teleaudiology Planning Assessment 469



addition, they found that patients living in more sparsely
populated areas had fewer number of visits to a specialist.
The authors speculated that rural patients may limit health
care visits as a result of transportation challenges (L. Chan
et al., 2006).

The current study’s travel distance estimates may
provide context for previous study results, indicating that
rural individuals experience delayed hearing health care
treatment. In a recent study by S. Chan et al. (2017), survey
data from hearing aid users in Kentucky revealed that re-
spondents from rural areas experienced longer times be-
tween receiving a hearing loss diagnosis and a hearing aid
fitting when compared with individuals living in urban
areas (25.7 years vs. 19.1 years, p = .024). Rural treatment
delays were also found by Bush et al. (2014) among a cohort
of children receiving hearing aid rehabilitation and among an
adult cochlear implant cohort (Hixon et al., 2016), although
these studies lacked an analysis of workforce distribution.
Additional research is needed to identify how workforce
distribution and hearing aid service utilization are related.

Increasingly, medical specialty services have begun to
include a telemedicine service delivery model in an effort to
improve accessibility for geographically isolated patients
(e.g., Heath, Salerno, Hopkins, Hertzig, & Caputo, 2009). In
audiology, timely diagnosis and intervention are considered
necessary for successful rehabilitation. However, due to an
overall shortage of audiologists and trend for providers across
all health fields to practice in urbanized areas, patients in
less populated communities may be at risk for delays in care
based on where they live.

Potential Expansion for Teleaudiology
Internationally, teleaudiology has been shown to be

an effective strategy to expand service access by decreasing
transportation burden for patients living far from a clinic
(Swanepoel et al., 2010). Our results indicated that travel
distance to a hearing aid provider may be reduced by uti-
lizing community clinics as a hub for teleaudiology. For
example, in Apache County, travel distance to a Federally
Qualified Health Center was 50.04 mi closer than to a hear-
ing aid dispensing provider, and travel to a Community-
Based Outpatient Clinic was 39.59 mi closer than to a hearing
aid dispensing provider. Previously, Chu et al. (2015) dem-
onstrated that VA patients saved 290 min in travel time by
receiving treatment via telemedicine at community-based
clinics compared to if they had visited larger hospital-based
clinics. In addition, previous research supports the expan-
sion of health services to community clinics as an effective
method for decreasing transportation barriers. Barrett,
Dziak, and Kaboli (2011) demonstrated a pilot project in
which VA audiology services were expanded to five
Community-Based Outpatient Clinics in rural Iowa using
teleaudiology. Results showed bringing services closer to
the patients’ home led to an estimated 5,417 hr in saved
drive time (Barrett et al., 2011). Many Community-Based
Outpatient Clinics and Federally Qualified Health Centers
across the United States have active telemedicine programs
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in primary care and areas of specialty health care to connect
patients with providers located in other areas. In addition,
Federally Qualified Health Center sites are authorized to
receive reimbursements under the Centers for Medicare
and Medicaid for qualified services delivered via telemed-
icine (Centers for Medicare & Medicaid Services, 2018).
However, at the time of analysis, Arizona’s 38 Community-
Based Outpatient Clinics or 212 Federally Qualified Health
Centers did not offer teleaudiology services.

Our geographic analysis indicated that many areas
of Arizona may benefit from local licensed hearing aid ser-
vices. For example, Cochise County, with a population of
124,756, lacked a single audiologist and had only one
hearing instrument specialist. We estimated that Cochise
County is home to 17,029 individuals aged 65 years and
older with hearing loss. Due to the number of potential
persons with hearing loss and the relatively low number of
local hearing aid providers, this area may benefit from a
local teleaudiology program. One of the county’s seven
Federally Qualified Health Centers may serve as a poten-
tial local teleaudiology hub. The average road distance
for a person with hearing loss to one of Cochise County’s
Federally Qualified Health Centers is an estimated 6.72 mi
(compared with 21.60 mi to the nearest hearing instrument
specialist). Audiologists in nearby urban areas (e.g.,
Maricopa County, 216 audiologists) may connect via
teleaudiology with a patient and a trained technician lo-
cated at a Federally Qualified Health Center to perform
remote hearing aid fittings. As a next step, it is recom-
mended to survey the needs and priorities of prospective
patients and local providers using a community-based
needs assessment (AlDossary et al., 2017).

However, our geographic analysis indicated that
these resources may still not be available in all areas. For
example, in La Paz County (population: 20,601), there was
not a single audiologist, hearing instrument specialist,
Federally Qualified Health Center, or Community-Based
Outpatient Clinic. Our analysis indicated that individuals
≥ 65 years estimated to have hearing loss in La Paz
County may need to drive an average of 58 mi to reach
the nearest licensed hearing aid services. Teleaudiology
may improve access, yet additional research is needed to
identify the local sites and resources that are available.
If community clinics are not available, hospitals, com-
munity gathering places, or a patient’s own home may
serve as the local teleaudiology site. In addition, such
variation in resource availability demonstrates the value
of conducting strategic planning assessments.

Study Limitations and Opportunities
for Future Research
Data Sources

To perform analyses for this study, we used a publically
available data set that included locations for audiologists
and hearing instrument specialists holding active licenses to
dispense hearing aids in Arizona. Interpreting these data
must be taken with several precautions. First, the ADHS
018



data set does not provide data on audiologists’ subspecialties.
Therefore, our analyses do not account for pediatric or itin-
erant audiologists, for example. For this data set, it is the
responsibility of individual licensees to maintain up-to-date
practice addresses. There was a small subset of licensees
with practice locations listed outside of Arizona (audiolo-
gists, n = 52; hearing instrument specialists, n = 33). It was
thought that these licensees may have entered an out-of-state
address as a placeholder while seeking employment. These
data were omitted from our analyses.

For the purpose of this workforce distribution analy-
sis, we defined the population of hearing aid dispensers as
licensed audiologists and licensed hearing instrument spe-
cialists. Alternative methods for the acquisition of hearing
aids (e.g., online sales) were omitted from the current
study’s analyses. Further research is still needed to under-
stand the population’s use of alternative methods of ac-
quiring hearing aids. Finally, to calculate travel distance
estimates for this study, origin points were distributed across
each county representing the target population. The meth-
odology in this study prevented us from generating travel
distance estimations for individual patients or for special
cohorts, such as the Veteran population. Future research
may incorporate actual patient locations for more precise
travel distance estimates. Previous research has accomplished
this through retrospective chart review (Bruner, Pugh,
Yeager, Bruner, & Curran, 2015).

Generalizability of Outcomes
We chose to limit our analyses to Arizona, and

therefore, results may not be generalizable across other
regions. However, by concentrating within Arizona, we
were able to define the hearing aid workforce as it is
available to state residents. State-specific data help to in-
form policy makers and help identify areas of high need.
The generalizability of our study outcomes is improved by
the use of national community health clinic networks and
a nationally recognized rural classification scheme (Rural–
Urban Continuation Codes). Specifically, each of these
strategies could be applied nationally as patient site loca-
tions for teleaudiology. In addition, the methodology pre-
sented in this study may be adopted by researchers elsewhere
for the purposes of planning assessments, regardless of geo-
graphic region or topic area. Future research at a national
level appears warranted based on our results from Arizona.
However, state-specific analyses will continue to be neces-
sary due to professional licensure regulations and policy
regulating the dispensing of hearing aids.
Conclusion
This was the first step in a comprehensive teleaudiology

planning assessment for the state of Arizona. We demon-
strated variations in the geographic distribution of the
hearing aid dispensing workforce. Data indicated there
were areas of the state that may benefit from increased
access through teleaudiology services. In addition, our re-
sults may help provide context for previous research that
has indicated rural delays in treatment. However, increased
distance from a provider cannot be equated to reduced use
of services. Therefore, as the next step, we will evaluate
certain patient-related factors, including access to a vehicle,
motivation for intervention, and a patient’s financial situa-
tion, that are thought to influence service utilization among
rural individuals (Blazer, Landerman, Fillenbaum, & Horner,
1995). Results of this teleaudiology planning assessment
may encourage hearing aid providers and hearing health
care researchers to consider how rural areas are affected by
maldistribution of resources and how strategies, such as
teleaudiology, can help expand accessibility.
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