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Abstract
As the average age of the country is rising, so too is the demand for health care services geared
to an aging population. Recent data analysis has predicted that the supply of audiologists will not
be enough to cover the rising demand in the next 30 years. This paper analyzes the market for
audiologists to establish determinants of supply and demand. An instrumental variable and 2
stage least squares regression technique are employed to consistently estimate both supply and
demand.
There are three main findings in the analysis.
1. Demand for audiologists is price elastic while supply is relatively price inelastic.
2. Costco Hearing Centers have become a substitute for hearing aid testing and fitting
services and their entrants into the market are decreasing the demand for audiologists.
3. The most significant determinant of supply are academic variables, specifically the
number of audiology programs available to students. This is in agreement with work done
by Windmill and Freeman (2013, 2017) and suggests a need for a change in the structure
of audiology programs in order to ensure the stability of the audiology profession.
I. Introduction
An audiologist is a healthcare based professional who provides patient care for disorders and
conditions related to hearing. Often, as people get older, they experience hearing loss and require
attention from an audiologist (Goman & Lin, 2016).4 Therefore, as the average age of the
country is rising, so too is the demand for hearing health services. However, paired with this
increase in demand is a static or even decreasing audiology work force. Windmill and Freeman
(2013) use a Physician Supply Model to determine that the future supply for audiologists will not
be large enough to cover the increasing demand. Windmill and Freeman (2013; 2017), along
with Hosford-Dunn (2017a,b,c) analyze audiology data and make predictions as to the reasons
underlying this inadequate supply.
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One thing not mentioned in the analyses of prior articles, which we assume in this paper, is that
observed data is reflective of market equilibrium. Demand and supply represent relationships
between wage and employment. As the wage increases, more people are willing to work, and
thus we expect to see an increase in quantity supplied. On the other hand, employers must pay
their workers more, and thus we expect to see a decrease in quantity demanded. In equilibrium,
the equilibrium wage equates quantity demanded and quantity supplied. Therefore, without a
complete analysis of real world data, we cannot distinguish the different determinants of quantity
supplied and quantity demanded. So, while Windmill and Freeman (2013) predict future demand
and supply, they do so with past observations and do not explicitly estimate the supply and
demand equations themselves. That is what this paper aims to do: use instrumental variables and
a two stage least squares regression to estimate both the demand and the supply equations for the
Audiology labor market.
According to the results, while supply for audiologists is relatively price inelastic, the demand is
price elastic, which is in support of the conclusions offered by Hosford-Dunn (2017b,c) that
there are substitutes in demand, namely hearing aid specialists. The results also suggest that
while interest in the profession is growing, the accredited audiology programs play a significant
role in determining supply.5 And in addition, the quantity demanded is falling due to the
increasing number of Costcos in each state, which now provide hearing test and hearing aids
using licensed hearing healthcare professionals that may not be audiologists.6 Section V explores
these results further.
II. Model
To estimate the quantity demanded and quantity supplied, we first develop the general model and
present the identification strategy. We assume that the quantity demanded is a linear function of
wage and other exogenous variables and that quantity supplied is also a linear function of wage
and exogenous variables.
qdit = b1wit + xit' b 2 + e dit (1)

qsit = a1wit + xit' a 2 + e sit (2)
Where qdit is the quantity demanded in state i and time t, qsit is the quantity supplied in state i and
time t, wit is the wage in state i and time t, and xit is a vector of exogenous control variables.
Ideally, we would want to consistently estimate β1, β2, α1 and α2, however we cannot do so
through simple Ordinary Least Squares estimation. To estimate consistently, we apply a 2 stage
least squares regression with instrumental variables.
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First, we make the assumption that the observed data are market equilibrium prices and quantity
for each state and time. Assuming equilibrium leads to equating quantity supplied and quantity
demanded and thus, what we observe is

qit = qdit = qsit (3)

Equations 1 and 2 now become:

qit = b1wit + xit' b 2 + e dit (4)
qit = a1wit + xit' a 2 + e sit (5)
Solving for wage and quantity, we can rewrite the two equations above with the endogenous
variables on one side and exogenous variables on the other.
wit = xit' g 1 + uitw (6)

qit = xit' d1 + uitq (7)
Wage is a function of the exogenous variables, xit, and an error term uitw and quantity is a
function of the exogenous variables, xit, and an error term uitq.
The next issue that arises stems from the economic assumption that wage is determined
endogenously in the supply and demand model. We expect that β1 ≤0 and α1≥ 0. This comes
from the basic economic theory that says wage and quantity demanded are inversely related
while wage and quantity supplied are directly related. OLS estimation of equation 4 or 5 will
lead to biased and inconsistent estimates for both β1 and α1. Instrumental variables are often used
in economic analyses to account for different biases, and this paper follows the methods in
Angrist et al. (2000) and Lin (2011) using instrumental variables and two stage least squares to
estimate simultaneous equations.
To apply the Instrumental Variable technique, we make the following assumptions:
1. qit = qdit = qsit at a market clearing wage.
2. xit=(xitd, xits, xitc)
where xitd are variables that shift demand but not supply, xits are variables that shift
supply but not demand, and xitc are variables that may affect both supply and demand.
The supply and demand equations can now be written as follows:

qdit = b1wit + xitd ' b 2d + xits ' b 2s + xitc ' b 2c + e dit (8)
qsit = a1wit + xitd 'a 2d + xits 'a 2s + xitc 'a 2c + e sit (9)
3. β2S=0 and α2d =0.
3

This assumption follows from the claim that xitd shifts demand but not supply and xits
shifts supply but not demand.
The supply and demand equations can now be written as:

qdit = b1wit + xitd ' b 2d + xitc ' b 2c + e dit (10)
qsit = a1wit + xits 'a 2s + xitc 'a 2c + e sit (11)
Since we have assumption 1, in order to estimate β1, β2d, β2c, α1, α2s, and α2c consistently, we use
instrumental variables. The variables xs can be used as an instrument for wage in equation (10) as
it is correlated with wage through equation (6), but is uncorrelated with the error term through
assumption 3. Similarly, xd can be used as an instrument for wage in equation (11) as it is
correlated with wage through equation (6) but uncorrelated with the error term through
assumption 3.
Given valid instruments xs and xd, and employing 2 Stage Least Squares Regression, the
estimates for β1, β2, α1 and α2 will be consistent and unbiased (Angrist et al. 2000). Therefore, we
can appropriately estimate equations for quantity supplied and quantity demanded and determine
effects of wage, other endogenous variables, and exogenous variables.
III. Identification
The purpose of this paper is to estimate the supply and demand equations in the market for
audiologists. To do so, the model described above is applied, with the exogenous variables
defined as follows:
xc: a vector that includes unemployment rate, per capita income, population, year and
state fixed effects.
xs: the number of audiology programs
xd: the number of Costco Shopping Centers, percent of population 85 years and older
The vector of exogenous control variables, xc, includes unemployment rate, per capita income,
population, and fixed effects. These variables are exogenous to the model and affect both the
supply and the demand for audiologists.
The instrument variable, xs, is the number of audiology programs. We argue that xs is a supply
shifter but not a demand shifter: i.e. xs belongs in equation (11) but not in equation (10). The
only way to practice as an audiologist is to obtain a degree from an accredited audiology
program. Clearly if the number of audiology programs increases, at any given wage, more
students have the opportunity to attend a program and thus to become a certified audiologist.
Therefore, the supply will increase along with the number of audiology programs and so xs
appropriately belongs in equation (11). We now claim that xs does not belong in equation (10).
4

While it is intuitive that as demand for labor rises, so too will the demand for educational
programs, it is also the case that schools are slow to respond to these changes in demand due to
long lags of opening a new 4 year AuD program. Thus, the effect of demand on the number of
audiology programs would not be realized until several years later, and thus, we claim that in a
given state and given year, the number of programs available is not correlated with the demand
for audiologists. Therefore, we claim that xs is uncorrelated with the error term in (10) and is thus
a valid instrument to use in estimating the demand equation.
The instrumental variables, xd, are the number of Costco warehouses and the percent of
population 85 years and older. We first argue that xd belongs in equation (10) but not in equation
(11). Over half of the population over 85 years of age experience significant hearing loss and
thus demand hearing health services. So clearly, this variable is a determinant of demand and
belongs in equation (10). Next, we discuss the Costco instrument with these assumptions7:
•

As time progresses, hearing aid technology advances.

•

Demand for hearing aids increases with a rising aging population.

•

Seeing this, Costco decides to add Hearing Centers to existing and future stores; now,
almost all US Costco stores provide hearing aid tests and sell hearing aids to adults
(Costco Annual Report to Shareholders, 2016; Hosford-Dunn, 2017d; Swearinger, 2017).

•

Although Costco may seek to hire audiologists to work in their Hearing Centers, it also
exercises the option in its business model to hire state-licensed hearing aid dispensers
and/or train existing employees in-house (Yang et al., undated). to be licensed hearing
aid dispensers, both of which offer employer cost savings. (Hosford-Dunn, 2017c).
Therefore, many people who traditionally sought out audiologists to obtain hearing aids
can now choose to see a hearing aid specialist at Costco, a close substitute in demand for
audiologists. With this emerging substitute for hearing aids and associated services, we
expect to see a decrease in demand for audiologists, and thus we believe that this variable
appropriately belongs in equation (10).

What is left to show is that xd is uncorrelated with the error term in supply equation (11). The
quantity of audiologists supplied is essentially the number of licensed audiologists who want to
work as audiologists. This is an individual choice that entails extensive schooling and high cost
to obtain the required degree and licensure. Therefore, it is unlikely that the percentage of people
85 years and older or the number Costco shopping centers in a state will influence an
individual’s complex academic/professional decision to work as an audiologist. If we can believe
that this is true, i.e. that the decision to work as an audiologist is independent of the percentage
of older individuals and the number of Costco’s per state, then we see that xd is uncorrelated with
the error term in (11) and is thus a valid instrument for estimating the supply equation.
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Given the arguments above and the model described in section II, the following 2SLS analysis
for supply and demand is employed:
Stage 1: Regress wage on xd, xs, and xc to obtain an estimate for wage, 𝑤
Stage 2: Regress quantity on 𝑤, xc, and xd to get estimates for equation (10) and regress
quantity on 𝑤, xc, and xs to get estimates for equation (11)
IV. Data
The analysis was done using a panel data set with observations for each US state and District of
Columbia for the years 2009 to 2014.8 The analysis starts in 2009 as that is the last year in which
programs transitioned from a master to a doctoral program.9
The total number of audiologists for each state and each year was collected from the Bureau of
Labor Statistics. In addition, the average salaried wage was also obtained from the BLS. To
adjust for inflation, the average salaried wage was divided by the CPI with the base year of 1982.
The number of programs was obtained from The American Speech and Hearing Association
(ASHA) yearly academic reports (CDS education survey data). These data are available from
2009/2010 school year to the 2014/2015 school year. The observations are recorded as the year
of the respective fall semester.
The Costco data were obtained from financial records in the public domain. Specifically, Costco
Annual Reports to shareholders and Costco 10-K Annual reports submitted to the Securities and
Exchange Commission were accessible through Internet searches for most years included in the
present study.
Additional variables used in the model are:
•

the unemployment rate

•

per capita income

•

total population

•

percentage of the population 85 years and older.
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This results in 306 potential observations. However due to missing observations, we are left with 254 total
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Masters. Unfortunately, we do not have a variable that represents this requirement. In addition, for states with the
doctoral requirement, audiologists already in the workforce were grandfathered in under licensure laws.
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The unemployment rate was obtained from the BLS website and represents annual averages. The
total population and the percentage of the population 85 years and older was obtained from the
United States Census. Per capita income was obtained from the Bureau of Economic Analysis
and is adjusted to real values given the CPI with base year 1982.
Table 1 shows the national summary statistics for the variables of interest and Table 2 shows the
state summary statistics from years 2009 to 2014.
Table 1: National Summary Statistics

Mean
SD
Min
Max
Missing

Average Percent of
Total
Salaried Population
Audiologists
Wage
85up
12300.00 71955.00
1.75
459.65 3506.62
0.07
11550.00 66850.00
1.70
12860.00 76790.00
1.80
0
0
4

Population
(100,000)
3139.56
36.32
3093.48
3185.63
1

Per
Number
UnemployNumber of
Capita
of
ment Rate
Costcos
Income
Programs
51485.00
8.32
74.33
442.33
2815.43
1.33
0.52
22.94
48050.00
6.20
74.00
413.00
55320.00
9.70
75.00
474.00
0
0
0
0

Table 2: State Summary Statistics

Mean
SD
Min
Max
Missing

Average Percent of
Total
Salaried Population
Audiologists
Wage
85up
281.26 70660.52
1.80
246.28 10143.67
0.39
30
48690
0.6
1560.00 102360.0
2.70
52
37
0

Population
(100,000)
61.35
68.90
5.6
387.92
0

Per
Number
UnemployNumber of
Capita
of
ment Rate
Costcos
Income
Programs
42675.13
7.59
1.44
8.59
7747.81
2.05
1.37
16.95
30569
2.7
0
0
70379.00
14.40
5.00
120.00
0
0
0
0

Since we are analyzing panel data, a better way to understand the data is to visualize the
progression of variables over time. Plots are on the national level, but are representative of the
trends within states. Figure 1 shows the quantity of audiologists across time. Figure 2 shows the
real annual wage trend across time. Figure 3 shows both the number of programs over time along
with the number of applications and entering students.

\
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Figure 1: Number of Audiologists Trend
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Figure 2: Real Annual Earnings Trend
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Figure 3: Academic Variable Trends
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Figure 2 shows that the real annual earnings are generally increasing over time. This can be
indicative of a rise in demand, a fall in supply, or both. Along with Figure 1, we see a scatter of
equilibrium quantities which is indicative that over time the market experiences both a shift in
supply and a shift in demand. The analysis of this paper attempts to predict the indicators of
these shifts.
Figure 3 shows that while the number of programs and number of entering students stays
relatively constant over time, the number of applications increases.10 This suggests that the
supply for audiologists would be increasing had there not been a static program and acceptance
rate.
V. Results
Given the model, the identification strategy, and the data, we can now summarize the results.
Three different regressions were run for each equation estimation and shown in columns in
Tables 3-6:
•

Column (1): without fixed effects
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The increase in applications may reflect growth of total number of perspective students or a growing trend for
applicants to apply to multiple programs. Efforts to obtain data in this regard are under way.
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•

Column (2): with year fixed effects

•

Column (3): with year and state fixed effects

Due to the lack in variation across time in the number of school programs available per state, we
lose explanatory power by including state fixed effects, but all three regressions are included for
comparison. The remaining discussion of the results focuses on the regression with year fixed
effects only, which is represented in column two of each table. Tables 3 and 4 present the results
from the reduced form estimation, equations (6) and (7) respectively.
Table 3: Reduced Form Equation for Wage
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Table 4: Reduced Form Equation for Employment

As stated in Section II of this paper, the estimates shown in Table 3 and Table 4 will be biased,
so these tables are only provided to show the sign and significance of the covariates on wage and
quantity of labor. The dependent variable for equation (6) is the log of the real annual earnings,
and the dependent variable for equation (7) is the log of the total number of audiologists.
As shown in the tables, the supply shifter, number of audiology programs, has a negative effect
on wage but a positive effect on quantity. Economic theory suggests that an equilibrium wage
decrease and quantity increase is associated with an increase in supply, which supports the claim
that the number of audiology programs is a supply shifter.
The demand shifter, percent of population 85 years and older, has no significant effect on wage
or quantity and the sign changes depending on the specification. So, the results from the table do
not tell us much about the effect of this variable on demand or supply, but we rely on the
intuition explored in Section III of this paper and keep this as a demand shifter in the analysis.
The other demand shifter, number of Costco warehouses, has a negative and significant effect on
wage but no significant effect on quantity. Economic theory would suggest that this variable is
either associated with a decrease in demand or an increase in supply. Relying on the intuition
discussed in Section III of this paper, we claim it is the former.
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We identify the strength of the instruments by looking at the first stage regression which is
represented in Table 3. The F-statistic for the number of programs in the first two specifications
are 36.6 and 37.3 respectively.11 The strength of the instrument decreases significantly when
including state fixed effects, however we will put the focus on the second regression in which
this is a strong instrument for wage.12 The F statistic for Costco in the first two specifications is
5.06 and 5.48 respectively. Again, in the third regression, the strength decreases significantly and
we note that the strength of the other demand instrument, percent of population over 85 years, is
also weak. Ideally, a stronger instrument would be preferred, but given the limitations in the
data, we claim that these are valid instruments for our preliminary analysis.
Because both xd and xs hold some explanatory power in these first stage regressions, we can now
run the second stage regressions, presented in Tables 5 and 6. Table 5 presents the results for
estimating supply and Table 6 presents the results for estimating demand.
Table 5: Second Stage Estimation of Supply Equation
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The values in the tables represent rounded numbers while the F-statistic was calculated using non-rounded
estimates and standard errors.
12
As a rule of thumb, a strong instrument should have an F-statistic of at least 10.
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Referring to Table 5, we can estimate the supply equation using the percentage of population of
85 years or older and the number of Costcos as instruments for wage, we find in the second stage
results that a 1% increase in real annual earnings leads to a 1.1% increase in quantity supplied.
The positive effect is consistent with economic theory that an increase in the wage is associated
with an increase in the number of individuals willing to work for the wage. However, this effect
is not significant or large, and in the regression in the third column, the effect even has the
opposite sign, which contradicts basic economic theory. We explain this odd result in two ways:
1) The data is limited and the demand shifter instruments are weak; thus we are not
picking up the full effect of wage on supply.
2) Even with a more complete dataset, it is not unreasonable to believe that the price
elasticity of supply might still be small. Choosing audiology over other healthcare
occupations with higher average wages and/or lower academic training time implies a
passion for serving the health needs of others notwithstanding the high cost of
schooling and relatively low wage base. Perhaps this passion for the career
overpowers the economic force of wage and thus we would be willing to believe that
the supply of audiologists is price inelastic.
What is interesting in this analysis is that the strongest determinant of supply is the academic
variable, the number of programs available. Besides population, the other regressors have either
no or weak explanatory power. This could be due to the fact that supply is largely determined by
the availability of academic programs required to become an audiologist. As shown in the data
section of this paper and visualized in Figure 2, the real annual earnings are increasing with time.
Thus, it is likely that audiologists already in the market will continue to work and that this wage
increase attracts new audiologists to the market. However, potential new audiologists may be
blocked from entering the market due to the limited number of audiology academic programs.
This analysis is consistent with the findings of Windmill and Freeman (2013) that supply of
audiologists is largely dependent on the academic programs and admittance and graduation
rates.13
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See Windmill and Freeman (2013) for a discussion on how to combat this potential issue.
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Table 6: Second Stage Estimation of Demand Equation

The results for the demand estimates are shown in Table 6. Using the number of programs as an
instrument for wage, in the second stage results we see that a 1% increase in real annual earnings
leads to a -4.1% decrease in quantity demanded. The negative effect is consistent with economic
theory that an increase in wage is associated with employers offering fewer audiology jobs in the
market. This effect is large, which suggests the demand for audiologists is price elastic. This
could be explained by the substitutes in labor demand, namely hearing aid specialists (HosfordDunn, 2017c). Hearing aid specialists are licensed to dispense hearing aids as their primary
professional activity. Hearing aid dispensing is a primary duty of many audiologists, along with
other duties they may perform under their scope of practice. Hearing aid dispensers earn on
average $11,000 less per year in real wages than audiologists mainly because state licensing
distinguishes between differences in training requirements and scopes of practice between the
two careers. Therefore, if the wage for audiologists increases, employers may shift employment
to hearing aid specialists in situations where the main duty is testing and fitting hearing aids.14
14

Since the profession of Hearing Aid Specialists is fairly new, BLS does not have enough data on wages and
quantity to include this in our analysis.
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The results in Table 6 also support that claim that the number of Costcos in a state decreases the
quantity of audiologists demanded. We can infer the demand for hearing aids in particular has
increased with the aging population, the advances in technology, and the decrease in the social
stigma around hearing aids. Costco takes on this demand by opening up hearing centers in their
stores to provide basic hearing tests and sell hearing aids. Whereas when people formerly would
need to see an audiologist for these services and products, they can now obtain them at Costco.
In addition, Costco may not prefer to (or be able to, see Swearinger, 2017) hire licensed
audiologists when instead they may train and hire from within or hire hearing aid specialists.
Therefore, as more Costcos open in a state, we might expect more people to prefer Costco for
their basic hearing aid needs (Hosford-Dunn, 2017e,f) and thus experience a decrease in the
demand for audiologists.
From table 6, we also see that a 1% increase in income results in a 1% increase in quantity of
audiologists demanded, suggesting that this is a normal good. In addition, we unexpectedly see a
significant and positive effect of overall unemployment rate on quantity demanded. Though this
paper does not explore this result, some recent research has found that demand for healthcare
workers is countercyclical.15
VI. Conclusion
Recent research on the audiology profession done by Windmill and Freeman (2013) and
Hosford-Dunn (2017a,b,c) finds that future demand for audiologists will outnumber the supply.
The analysis in this paper, on the other hand, uses a similar data set but assumes that markets
clear- i.e. observations reflect market equilibrium. We extend on this assumption by estimating
the equations for supply and demand using instrumental variables and two stage least squares
regression technique.
We find that since Costco stores have introduced hearing centers, they offer some of the services
that audiologists provide, namely hearing tests and selling hearing aids. With this, we made an
argument that the number of Costco centers in a state, along with the percentage of people 85
years and older, are exogenous determinants of demand and are used as an instrument for wage.
This leads to a consistent estimation for the supply equation in which we determine that supply is
relatively price inelastic.
We also argue that while the number of audiology programs affects quantity supplied, it is not
correlated with quantity demanded due to the extreme lagged response of starting these 4 year
AuD programs. Using this as our instrument, we see that a 1% increase in wage leads to a 4%
decrease in quantity demanded and suggests that demand for audiologists is price elastic.
This paper is the first to estimate the supply and demand equations for audiologists. We are able
to use instruments to consistently estimate price elasticities for supply and demand as well as
determine effects by other exogenous regressors. One important contribution comes from the
analysis done on the Costco variable and quantity demanded. We analytically found that more
15

See Staiger et al. (2012)
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Costcos in each state leads to a decrease in quantity demanded. We argue that this negative effect
is due to the fact that Costco Hearing Centers have become a substitute in the market for hearing
aids. And, while audiologists provide more advanced services than simple hearing tests and
providing hearing aids, they nonetheless do not set themselves apart enough from Costco to
distinguish a better service in that particular category and that is why there is a decrease in the
quantity demanded.
Another important contribution comes from the analysis done on the education variables and
quantity supplied. Windmill and Freeman (2013, 2017) and Hosford-Dunn (2017b) both discuss
that supply is stifled by the lack of growth in the audiology programs. The analysis in this paper
showed that the number of programs indeed has a much higher significant effect on quantity
supplied than any of the other variables and supports the idea that for the profession to grow, we
would need growth in academic programs. Thus, the results in this paper do agree with those
made by Windmill and Freeman (2013) regarding the lack of growth in supply, however we also
note that while demand for hearing based services is growing, the demand for audiologists as
provider of choice may not be growing at the same rate, due to Costco’s entrance into the hearing
aid market.
The data collected for this analysis includes many more variables that could be included in the
analysis on quantity supplied. For example, in future work we hope to add wages for substitute
careers in the analysis along with other academic variables such as number of applications and
percentage of students to receive funding. In addition, we plan to amass more data regarding the
employment structure- i.e. highest education, distribution of workplace, retirement rates, and
audiology unemployment rates. With this data, we can relax assumption 1, that markets clear, by
including the unemployment rate for audiologists into the above analysis. The richer dataset will
also allow more accurate estimates for price elasticities and estimates of other determinants of
supply and demand for the audiology labor market.
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