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Abstract

This dissertation explo?es three aspects of the physician firm.
Ag sﬁch, the current work is concerned with the contribution that
quality considerations can make toward our understanding of the
medical market. The first of three essays introduces quality into
the literature aimed at estimating the supply function of physician
firms. This study finds that explicit modeling of quality, both
theoretically and empirically, produces results superior to past
work in this field and indicates that physicians behave as if they
are competitive economic agents. The second essay considers the
effect of Medicaid on the behavior of physicians, especially their
allocation of quality. As a result of theoretical and empirical
exploration, this essay concludes that Medicaid, due to its
restrictive reimbursement mechanisms, produces a two-tiered system
of health care. This system traps those covered by Medicaid in a
tier which allocates not only fewer units of health care, but also
provides the minimum possible quality of care. The final essay in
this dissertation is an empirical test of the supplier induced
demand hypothesis in medical service. Contrary to past findings
which support the view that physicians are able to induce demand for
their services when faced with competition, this work finds that
physicians actually increase the quality of their service in the
face of competitive pressure. By ignoring quality as a dimension of
service, past work has suffered from specification error which

only appeared to support the inducement hypothesis.



CHAPTER I

INTRODUCTION

Concern over health issues is growing in the United States, and
few issues arouse more debate. One reason for this debate is the
level of our knowledge about the workings of the system which
provides health care. In many respects, this knowledge is
rudimentary. One issue which this dissertation attempts to explore
is the behavior of physician firms given the structural realities in
which they must operate. Toward this end, three specific questions
are explored. The exploration of these issues is undertaken with
the explicit recognition of the role quality plays in the market for
medical service. It is this introduction of quality choice by
physicians which is the unifying theme of this dissertation.

One primary question which should be asked first is: how do
physicians behave in the marketplace? Can their behavior be
described using the neoclassical economics of competition, or is
some other, less traditional, approach required? This discussion
makes up the central thesis for Chapter II. In this chapter
physicians are modeled as competitive economic agents who maximize

utility, Utility maximization occurs across leisure and income,
Yy y



with thé latter composed of an exogenous income component and
profits from the medical firm. One contribution made by Chapter II

~ in the modeling of physician firms is the explicit recognition of
quality as an important aspect of physicians’ services. Past work
in the area has ignored this dimension of physician service, despite
the attention quality has received in other fields of economics. By
introducing quality, this work demonstrates that many unsatisfying
results obtained in past literature results from a mis-specification
of the empirical models.

After exploration of the theoretical model, Chapter II proceeds
with an empirical study of physician behavior. Development of the
model implies quality as well as quantity are important variables in
the physician choice set. Therefore, the supply side of this system
must be expressed as two equations, rather than the more usual one.
Additionally, to avoid an empirical mis-specification which has
plagued much past work, both the supply and demand sides of the
system are identified empirically. This leads to a three equation
model of the physician firm: two supply equations and one
representative demand function. This system is estimated with
non-linear three stage least squares (NL3SLS). Among several
results discussed in detail in Chapter II, this estimation finds
that physicians do behave in a manner consistent with that of
competitive economic agents.

Once behavior of physicians in the current market is better
understood, it becomes possible to ask questions concerning current

and potential governmental participation in the market. These



issues are discussed in the Chapters III and IV. Chapter III
investigates what role the Medicaid program plays in the allocation
] of primary health care'. While most research of the past has
focused on the issue of availability of care for Medicaid patients,
chapter III, once again, draws attention to the important question
of what effect Medicaid has on the quality of service offered. The
approach is similar to that of Chapter II, a theoretical model is
proposed, and implications of this model are tested empirically.
The model developed adds one additional variable to the
physician choice set, namely the percentage of patients in the
practice which are covered by Medicaid. Since Medicaid has not only
cost implications different from other forms of insurance, but also
different revenue implications, the proportion of Medicaid patients
in a practice is an important decision made by utility and profit
maximizing physicians. We find that the current structure of
Medicaid, which prevents patients under this coverage to demand
higher quality care, encourages a two tiered system of care.
Specifically, Medicaid patients are afforded a lower quality of

service than non-Medicaid patients, and are likely to receive the

1 . . . .
In this dissertation, the term "primary care" refers to health

care provided by a physician directly to a patient. This is in
contrast to services which are provided by other institutions. For
example provision of hospital rooms, or intensive care services,

would not be considered primary care.
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minimum possible level of care. An empirical test for whether or
not Medicaid patients do receive the minimum level is developed.

_Empirically, the model is supported. Once again, a
simultaneous system of equations (three supply-side choice equations
and one demand-side) is estimated with NL3SLS. The results support
the hypothesis developed in the model that a two-tiered system of
care exists under the current system. Specifically, Medicaid tends
to reduce the average quality of service offered to patients. 1In
addition, evidence is presented indicating that Medicaid patients do
in fact receive the minimum possible quality of care. This result
has significant policy implications.

Chapter IV addresses one potential source for future
regulation, that is the hypothesis of supplier induced demand in
health care. This question, which argues that physicians are able
to influence their patient’s demand for medical service and so face
no effective demand constraint, has been debated for many years in
the literature. Evidence for and against this hypothesis abounds.
The current, predominantly empirical, work considers the question in
light of the previous discussion of quality. Considering quality as
a choice variable, it becomes clear that past efforts to test for
the presence or absence of induced demand suffer from a serious
mis-specification. Since changes in the general level of quality
will affect patient’s demand for physician’s services, studies which
ignore this influence may find that increasing competition leads to
increased demand. This finding would not, however, be evidence for

supplier induced demand due to this mis-specification. Since all



work to this point has neglected the issue of quality when
empirically testing for induced demand, past findings are suspect.
Chapter IV tests for induced demand using two models, both of which
iriclude quality as a choice variable. Not only do the results fail
to support the induced demand hypothesis, direct evidence is
presented which demonstrates that induced demand is inconsistent
with utility maximization and that the inclusion of quality can
produce results which lead to increases in demand with increases in
competition. This latter implication follows even when the
traditional test for induced demand is included (and fails).

Results obtained in Chapters II through IV are interesting in
their own right, and each chapter also contains a section addressing
policy implications. However, these results must be considered
together before final policy implications can be drawn. Complete
policy recommendations should be tempered by political realities,
rather than simply presenting optimal theoretical conclusions (as is
done in the summaries of Chapters II through IV). Therefore,
Chapter V concludes the dissertation with a discussion of the
results as they relate to each other and the implications they have

for real-world policy, taking current limitations into account.



CHAPTER II

QUANTITY AND QUALITY TRADEOFFS IN THE MARKET FOR

PHYSICIANS' SERVICES

I. Introduction

A significant controversy has developed in the United States in
recent years over perceived crises facing the health care industry.
At the root of this problem is the dramatic increase in real costs
associated with providing health care in this country, leading to a
call for governmental action to control the situation. This
increase in costs is the subject of much debate, both at academic
and governmental levels. The trend in these discussions has been
toward calls for even more government intervention, via insurance
subsidies and direct price controls. This chapter suggests that
incomplete theoretical modeling in the past has led to
mis-specification of empirical models and, therefore, results which
incorrectly plaée the blame for the rapid increase in costs on the
individual physicians. Driving many of these results is the

assumption that physicians possess and utilize undue market power



through large information asymmetries and the ability to directly
induce demand for their services. However, the current work
suggests that these conclusions are in error. With a more complete
and systematic exploration of a model of the physician firm, the
empirical results suggest that physicians behave in a manner
consistent with a competitive marketplace. Further results suggest
that the blame for the rapid increase in health care costs can be
more directly tied to increases in government subsidization of
private demand, increased use of full private insurance, and
artificial barriers placed on licensing and immigration of
physicians.

Accordingly, this chapter explores one aspect of the medical
sector, the market for physician’s services. Toward this end,
physicians are modeled as profit maximizing, owner-managed firms.
The profit decision involves introducing a quality-quantity trade
off between the number of visits provided and the time spent with
each patient. It is interesting to note that the introduction of
quality considerations in past literature has clarified empirical
observations which seemed anomalous at the time. In particular, the
current approach is compared to quality results found in the fields
of fertility and union/non-union wage differentials. In addition,
physicians are modeled as utility maximizers. This model allows the
physician to choose three variables: visits, time per visit, and
total hours of labor to supply. This results in a traditional
backward-bending supply curve of labor. One of the two principal

points of the current chapter is this explicit recognition that



physicians choose a combination of quality and quantity
characteristics to supply rather than some service which is
adequately captured by a scalar measure.

The second primary goal of this chapter is to carefully examine
empirical questions surrounding estimation of the market. Studies
purporting to find a negatively sloped, or backward bending
physician labor supply curve have suffered from specification and
estimation problems. Therefore, one contribution of this work in
providing a more complete theoretical model of supply behavior is
the implication this model has for empirical specification. The
results indicate that to correct potential specification errors of
earlier empirical work, one should estimate a system of at least
three equations. An empirical test of the correctly specified model

is also provided.

ITI. Empirical Literature

The market for physician’s services has been examined in some
detail in the literature, with varying results. Most models are
broken down into two basic groups: traditional neoclassical supply
and demand models, and supplier induced demand/target income
hypotheses. Actual specification of the functional forms have been
much less consistent. One area of consistency among the studies is
the predominance of approaches utilizing single equations, and
multiple equations without correct theoretical identification. Most

studies have taken an approach which fails either to attempt a



simultaneous estimation, or if attempted, no effort is made to
identify separate supply and demand influences. Still, many of the
studies have constructive insights into questions surrounding this
issue, insights which are revealed in discussions of the hypotheses,
specifications, empirical techniques, and results of this past work.

The earliest work to formally examine the physician supply
curve and suggest that this supply response might not behave
according to traditional economic intuition was performed by Martin
Feldstein (1970). Feldstein argued that the traditional approach is
not useful in examining physicians’ supply responses. Feldstein
assumed the market is characterized by price taking patients and
utility maximizing physicians. The utility maximization process
implies physicians undertake a labor leisure trade off. He also
acknowledged the simultaneity inherent in the system, but due to
data problems was unable to compensate for it empirically. He
asserted that the simultaneity arises due to influences on the
physician (i.e. supply side) of the market; physicians must operate
under ethical constraints and they may be unable to refuse to
provide their services in certain circumstances (such as when there
is only one physician in a community). Additionally, dependant upon
the individual’s training, certain cases may seem more interesting
than others, once more distorting a pure price/quantity
relationship.

One important theoretical insight Feldstein made relates to
the effect of insurance. Noting the increasing availability and use

of insurance, he quite correctly pointed out the significance of this
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influence in the market. However, he argued that it is not the mere
existence of insurance which encapsulates this effect (and so simply
counting the number of insured customers is not a sufficient test).
In other words, in this market, there is not one price which impacts
the supply and demand side equally. On the supply side, the
relevant price is the fee charged by the physician; however, on the
demand side, the relevant price is the physician fee net insurance
contributions (and premiums, potentially). Insurance’'s effect is
captured by its distortion of the net price paid by the average
consumer in his model. So, the relevant supply price is P, and the
relevant demand price is kP, where k is some factor of
proportionality.

Feldstein estimated his models with OLS, due to very low
degrees of freedom. His first attempt was to estimate an equilibrium
demand equation. This effort was, however, unsuccessful, since the
estimated price elasticities are positive. He argued this is
because the demand equation is not identified. Feldstein believed
this lack of identification is due to the excess demand which
characterizes the market and that "[d]octors choose to provide less
than patients want at prevailing net prices." He then proceeded to
estimate a disequilibrium model consisting of a wage and supply
equation. His formulation imbeds the demand equation within the
wage equation, in a reduced form, with the demand parameters
recoverable from the estimated wage parameters. Once again OLS was
applied to the equations separately. He attempted to capture the

insurance effect by introducing an impact ratio as an explanatory
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variable on the price adjustment equationl. His results on the
price equation are, on the whole, significant. Interestingly,
‘insurance appears to have a positive influence on physicians’ fees.
Government provision of physician services also has a positive
effect on the dependant price variable. The supply equation
specified performs less well. The parameter estimates are not so
often significant. Feldstein did find an elasticity of supply with
respect to price which is negative. (This is price entered linearly.
Feldstein did not include a squared fee term.) He argued this is
evidence of a backward bending supply of physician labor function.
As such, he was the first to make this empirical assertion. However,
none of his estimated parameters on price are significantly
different from zero. His results, though cautiously applied, lead
to important policy considerations. If the demand for services is
more elastic than supply (a situation which is implied by the
assertion that excess demand persists in the market due to
physicians price restraint), policies aimed at decreasing the price
of physician services will increase the quantity supplied, but also

lead to a greater excess demand problem. If supply is more elastic

1 . . . ’ .
The insurance impact variable is the ratio of average to net

prices of physicians’ services. Also net price is calculated by the

_ EXP-BEN
EXP

fee for the services, EXP is personal expenditure on physician

method: NP * AP, where NP is net price, AP is average

services, and BEN is insurance benefits on the expenditures.
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than demand, policies which decrease price will increase services
provided, while also ameliorating the excess demand problem.
_Therefore the relative elasticities of the demand and supply curves
is' a very important empirical question, one which Feldstein and
later researchers, have not addressed.

The next major piece presented on the physician supply function
was authored by Frank Sloan (1975). In this instance Sloan utilized
cross sectional data (unlike Feldstein) for the years 1959 and 1969
to explore individual physicians’ decisions on hours per week and
weeks per year of work. Sloan motivated his study with the
important policy question of whether to pursue price restrictions or
revenue enhancements through Medicare and Medicaid, which would have
different effects. In particular, Sloan was concerned with the slope
of the supply curve with respect to price. Conceptually, Sloan
made a significant contribution in the distinction he drew between
the behavioral responses, and wage function differentials, of
physician employees and self-employed physicians due to the
entrepreneurial component of non-employee physician income. In
addition, Sloan argued that solo physician’s wages per hour decrease
with hours worked since: a) being their own major input, increases
in hours worked would tend to lead to decreases in marginal product,
and b) increases in hours worked would lead directly to lower fees
due to the demand constraint (ignoring the potential, sometimes
argued fact, of excess demand).

Sloan, though employing a two equation model estimated by

instrumental variables, did not fully identify the market system.
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Specifying a wage equation and supply equation, he made no attempt
to identify the demand side of the market except on the most
superficial»level, including variables which contribute to broad
differences in regional demand, though no representation was made
that the demand side is adequately addressed. His two equations
were specified using fairly traditional exogenous variables, with
weeks per year and hours per week of physician service as the
dependant variable. Sloan found mostly significant parameter
estimates in his wage equation, with parameters having the expected
signs. He then included the predicted wage and wages squared in his
supply equation for an instrumental variables estimation. The
estimates on the supply functions (for both weeks and hours worked)
are not significantly different from zero for the majority of
parameters. In the weeks worked equation the (insignificant)
parameter estimate on wages is positive, while the estimated
parameter on wages squared is negative (1960 only) . The supply
equation defined in hours worked has positive values for the
parameters on wages squared, and negative on wages entered linearly.
Sloan concluded that the evidence for a backward bending supply
curve of physician labor is weak. An earlier piece by Sloan (1973)
is nearly identical in content, and arrives at the same conclusions.
Later writers have largely built upon the foundations of the
Sloan and Feldstein works. Stephen Vahovich (1977) relied heavily
upon Sloan for the theoretical underpinnings of his research. His
interests lay in a strictly empirical examination of the physician

supply curve. In particular, he wished to investigate the backward
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bending nature of the function. Like Sloan he assumed utility
maximizing physicians, which leads to a labor/leisure trade off, and
he fqllowed Sloan’s arguments for the physician wage response to
hours worked. Additionally, Vahovich assumed, as do many later
researchers, that physicians are price takers. Therefore, even
though Vahovich utilized a multiple equation approach, and a Two
Stage Least Squares estimation procedure, he did not truly identify
the market system. In this he was not different from previous, or
later, authors. His discussions of problems with endogenous
variables, and motivations for 2SLS, surround the issue of the wage
impact on hours worked, and hours impact on real wage.

Vahovich posited three structural equations: an equation for
supply of service, an equation for wage determination, and an
equation for wages squared, which he erroneously treated as a

;2 . . :
separate endogenous equation . His major stated goal was to find the

%2 There is no intuitive or theoretical foundation for treating wages
squared as a separate endogenous variable and placing it in its own
structural equation. (Vahovich claimed this was done because some of
the variables are going to have a greater impact on physicians with
higher incomes. This argument is somewhat unclear.) The influences
on wages should be explained in the structural equation with wages
entered 1inearly.‘ However, even though there is no reason to supply
an additional structural equation, the rules for identification do
change when variables enter nonlinearly to a system of simultaneous

equations (see. Judge, et al. The Theory and Practice of
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wage rate at which the supply of physicians’ services bends
backward. As such, the specification of the wages and wages squared
equations is of little interest; the modeling is consistent with
that of Sloan, with no attempt being made to account for demand side
influences. 1In addition, there is no attempt to address the number
of hours at which the supply curve of labor bends back, which is the
more important question. In the supply equation, Vahovich paid
closer attention to modeling at the micro level, including such
variables as the number of physicians in the surveyed practice and
the percent of income derived from salary. Though the results are
not strong, Vahovich did find support for a backward bending supply
curve. The predicted wages squared term shows up negative in three
of the four specialty groups identified. Given these results,
Vahovich maintained that between 21 and 31 percent of physicians
earn wages in excess of the critical backward bending level.

Brown and Lapan (1979) joined the discussion with a single
equation approach to estimating a supply curve for physician service
output. Again, their interests lay primarily in exploring the slope
of the supply function, and so they ignored the demand side. As the
literature before them, they argued that the physician is a price
taker in the market for medical services. They posited a model of
physician utility maximizing behavior where the physician has a

demand for consumption goods and inputs, and a supply of services,

Econometrics, pp.582-83.).
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both of which are jointly maximized. After this discussion,
however, they neglected to apply any simultaneous approaches to
estimation. Brown and Lapan used OLS to estimate a simple supply

' model on aggregate data for 1948-1966. One curious aspect to this
model is their dependant variable, which is defined as the aggregate
expenditures for physicians’ services divided by the CPI for
physicians’ services, that is, the dependant variable is a dollar
amount. Regressing this against the price of physician service
introduces clear biases. The actual estimation results are somewhat
unclear. A positive relationship between the price level (a proxy
for the price of physician consumption) was found which, according
to the model developed, implies a negative slope to the labor supply
curve of the physician due to an implied large substitution effect
by which physicians substitute other inputs for their services. An
estimated positive coefficient on their measure of the average fee
implies a positive slope to the supply of physician services. So,
they found that "the physicians’ supply curve of labor is backward
bending, but the supply curve of physicians’ services is positively

sloped."3 Their study is not applicable for determining the wage

= LaCroix and Getzen (1983) corrected two mistakes by Brown and Lapan.
The original authors made an arithmetical mistake which affected
their policy conclusions, and also failed to adjust for
autocorrelation when the Durban-Watson test they employed implied
autocorrelation was a problem. Additionally, LaCroix and Getzen

utilized Box-Cox methods to correct for functional for
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rate, or number of hours, at which the supply curve of labor bends
back".

Two studies to date have done a responsible job of attempting
to introduce true simultaneity issues into the estimation of supply
and demand estimation in the medical market. Unfortunately, both
suffer from significant shortcomings. Cromwell and Mitchell (1986)
specified a five equation system to identify supply and demand
influences. Their primary interests were the demand curve for

surgeries, some explanation of the dramatic increase in surgery

mis-specification. Their results support the backward bending labor
supply curve of physicians, but find the physicians’ service supply
function is vertical. The vertical service supply function is
reasonable, they argue, given govermmental and professional

restrictions on who can practice medicine.

“ A later work by Brown and Snow (1990) also attempted to estimate a
supply function for physicians’ utilizing a single equation
technique. Although instrumental variables were used in this paper,
only one equation is identified, and the demand side of the market
is once more ignored. In this later study, which was motivated by
explorations into entrepreneurial responses to risk, a negative
relationship between office visits supplied and the physician fee is
found, once again implying a backward bending supply curve for

physicians.
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rates over the past few decades, and the geographic heterogeneity in
the surgery market. In particular, they wished to find if the Supply
Induced Demand hypothesis is useful in explaining these situations.
To' accomplish this, they reported using a 2SLS method to estimate the
five structural equations. However, only the price equation and
three specifications of the demand equation are reported, making
interpretation of their simultaneous results impossible. Cromwell
and Mitchell specified the demand equations very carefully, adjusting
for influences ranging from the level of education in the
population, the age distribution of the population, length of stay
in hospitals (since they are examining surgery), and insurance
contributions. About half of the estimated parameters are
significant in the demand equations specified, and F-statistics also
imply significances. The supply function was not addressed, so the
important comparison of elasticities advocated by Feldstein is not
possible.

Hu and Yang (1988) have taken the most pains to estimate a true

simultaneous system of equations to describe the market for

> Cromwell and Mitchell also attempted some disequilibrium analysis
by breaking the sample into high and low surgery utilization areas.
They estimated, via OLS, the demand equations to see whether
differences surface. They did claim to find different parameter
results, implying a disequilibrium approach is useful, but no

statistical tests back up these claims.
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physician services. They posited a supply and demand equation, using
time series data, to estimate these functions. However, their
efforts were aimed at demonstrating the necessity of this technique
(as well as the needed use of disequilibrium approaches) rather than
estimating robust and reasonable functions. As a result, their
estimated equations are very simplistic. Still, they have made the
best attempt to use techniques which are appropriate and fully
identify the system involved. Their results, as limited as the
interpretations are, find a positive relationship between the
average price of an office visit and the number of office visits
supplied. Interestingly, they also found a negative relationship
between the number of visits supplied and a time trend, despite the
often cited empirical result that the number of physicians has
increased since the Second World War. Though they made no
significant effort to explain this result, they did mention in a
footnote that it might imply some quantity/quality trade off.

Again, their results imply that disequilibrium approaches, when time
series data is available, may be most appropriate.

The empirical literature offers several important insights into
proper exploration of the supply of, and demand for, physicians'’
services. First, it is plainly evidenced that the empirical
approaches taken to date have significant problems. The vast
majority fail due to an inability to address the very important
issue of simultaneity in this system. When estimating supply and
demand functions it is crucial to do so in a manner which truly

identifies, and so controls for, the separate effects. This can
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only be accomplished by using a simultaneous approach to the
problem, be it Instrumental Variables (correctly implemented), Two
Stage Least Squares, or some system wide technique such as Three
Stage Least Squares. That will be one of the contributions of
this work to the literature: careful specification of a system of
equations, and then estimation with the appropriate empirical
technique.

Beyond the empirical lessons to be learned from past work,
several modeling influences can be adopted. First, following the
trend in the literature of modeling physicians as utility maximizers
is certainly a fruitful approach. Secondly Feldstein made two
important modeling contributions. He pointed out that insurance is
an important effect, but one which may not be captured by simply
accounting for its presence. Rather, he argued that the effect of
insurance on price is the relevant issue, a point which leads to
different prices for the supply and demand sides of the market.
Additionally, Feldstein pointed out that from a policy perspective,
the mere existence of a backward bending supply curve of labor is
not the important question, but rather the relative elasticities of
supply and demand with respect to price. Once again this leads to a
simultaneous approach. Additionally, Brown and Lapan pointed out
that it may be possible for physicians to substitute other inputs
for their own labor, making it important, when exploring supply
responses, to distinguish physician inputs from the supply of
medical services.

Despite these contributions, other concepts not previously
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brought out in the empirical literature need to be explored.
Primary among these is the issue of identifying quality/quantity
substitutions in the physician supply responses. Equally important
is the recognition that the presence of a negative sign on wages
squared is not particularly significant. Given that there is an
unavoidable time constraint in daily and weekly work decisions, it
would be a strange labor supply curve indeed which approached this
limit linearly. Rather, the question should be at how many hours
per week, or weeks per year, does the curve bend back. These
issues, and more, are addressed in the development of the model in

the next section.
III. MODELING PHYSICIAN SUPPLY RESPONSES:

This section presents a theoretical model of physician
behavior, as a prologue to empirical exploration of the market. The
model assumes physicians are utility maximizers and that utility is
maximized across income and leisure. Physician income is derived
from two sources: exogenous income, and profit from the practice of
medicine. Therefore, decisions are made on two levels: utility is
maximized simultaneously with profit maximization. In addition,
physicians are not assumed to supply a simple quantity of service
which can be adequately captured on the supply side by some scalar
quantity. Rather, following the discussion by Rosen (1974) and
Schmalensee (1979), physicians are assumed to offer a pair of

characteristics, implicitly picking a point along a profit surface
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which corresponds to some number of visits and the quality of those
visits provided.

The introduction of quality considerations into decision
processes had led to significant advances in other fields. For
example, an often observed empirical relation in fertility studies
is the inverse relationship between family size and family income,
apparently indicating that children are an inferior good. For many
years the observation remained unexplained. However, beginning in
the early 1970s, and building on work by Becker [1960], researchers
such as De Tray [1973], Becker and Lewis [1973], Becker and Tomes
[1976], and Tomes [1981] began introducing quality considerations in
the production decision of parents. When models allowing quality as
well as quantity were explored empirically, the income elasticity
with respect to children appeared positive. The apparent
inferiority conclusion was based upon mis-specified models. A
second area in which quality considerations cleared unexplained
empirical results is the discussion surrounding union/non-union wage
differentials. Labor economists had been unable to explain why this
differential in pay scales would persist over the very long run, as
it observationally does. Again, the introduction of quality
considerations by Throop [1968] and Johnson [1970], among others,
and the further extension of endogenizing quality by Ashenfelter and
Johnson [1972] led to satisfying empirical results. With quality as
an argument in the unionization process, the empirics indicate that
it is the quality screening ability of unions which lead to higher

wages, and not merely the unionization itself. This conclusion
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anticipated a pay differential with non-union labor which would be
expected to persist through time.

Research discussed above has been consistent in its theoretical
treatment of quality as some single, observable variable which
either represents quality directly, or serves as a good proxy. The
fertility studies typically represent quality as expenditures per
child (either general contributions to the child, as in Becker and
Tomes [1976], or as specific investments in schooling). In fact,
Tomes [1981], by simultaneously estimating the two components of the
demand for children, quality and numbers, as separate endogenous
variables with a structural equation for each, introduces quality in
a manner very similar to the approach taken in this dissertation.

In the union pay differential literature, quality is represented
generally as educational level (Throop [1968] uses a calculated
skill index).

In this chapter, quality choice is represented as the average
time spent per patient. Physicians can offer many visits at a low
time per visit (and so low quality), or offer fewer visits at a
higher quality per visit. Physicians are able to use both quality
and quantity as maximizing variables, implying, of course, that both
are endogenous and require separate theoretical and empirical
treatment. Since the market might perceive that a physician who
sees many patients per week, but spends very little time with each
patient is providing a lower quality product than a physician who
sees fewer patients, but for more extended periods. This implies

that manipulation of the visit/time-per-visit mix is a legitimate
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means of profit maximization. Therefore, physicians simultaneously
choose the number of patient visits, the time spent per visit, and
the total number of hours worked per week.

The theoretical model involves a simultaneous process which is
illustrated in Figure 1. First it is assumed that the physician
chooses a utility maximizing number of hours of labor to supply, H.
Within this context, the physician picks a commodity bundle (a
combination of visits and time per visit) which maximizes
profits. There is also a profit surface defined across v and h.
This surface projects isoprofit curves onto the v-h plane, such as
;; and ;1.Given that the identity v-h=H, H is the constraint across
which the physician must find the maximum possible profit level.
This point occurs at the tangency of the highest possible isoprofit
curve achievable within the bundle set defined by H. The decisions
concerning v, h, and H, are made together, maximizing both profits
and utility.

To explore the process mathematically, a simultaneous process
will be employed. Explanation of the two decision processes will be
separate for expository purposes only. The profit and utility
maximization decisions are combined for the actual exploration of
the system. Therefore the profit maximizing side of the process
begins with the assumption that the number of total hours per week

is chosen as H, and the physician must allocate visits and time per

visit within this framework. The physician must maximize profits

= P-v-h - C(v,h)
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subject to the constraint
H= veh,

Qﬁere C(v,h) represents the costs associated with providing the
physician service. The first term together is total revenue. The
physician is modeled as a price taker, who provides units of
service. This service is a composite bundle of quantity, the number
of visits provided, and quality, the time spent on the average
visit. The market price, P, will be different for each possible
combination of quality and quantity. Intuitively, v and h will have
different marginal impacts on the firm's profitability, however even
though the physician has knowledge of the existence of these
different effects, the only observable market price is P. Still,
value is added to the firm based upon how many units of the bundle
are provided, v, and value is added to the firm based upon the
market perception of the average quality of the bundles provided,
measured as h (average time per visit).

Given the number of hours worked per week, H, physicians can
therefore control two variables for profit maximization. They set
the number of patient visits per week, v, and the average time per
visit, h, to spend with each patient. Both of these control
variables are valued by the patient and so both will affect
compensation. As state above, this is a departure from the
traditional approach in the existing literature on physician
behavior. In the past, physicians were assumed to supply only

"labor," or H in this model. Again, this ignores the quality
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component and potential for an optimal mix between v and h since
physicians have discretion over how they divide labor time among
patients. It would be simplistic to assume that physicians do not
chéose both the number of patients to see and the time per visit
given that patient visits and time per visit give rise to different
marginal revenues.

The practice reflected in the profit structure is seen in the
triage activities undertaken by clerical workers at the physician
reception desk. These workers must fill out the physician schedule
based upon a set of broad guidelines specified by the physician.
Patients with severe symptoms are typically seen quickly, while
those patients exhibiting relatively minor complaints, or conditions
which do not require immediate attention are typically scheduled for
appointments at some point which is more convenient to physician
scheduling. Physicians will also often use interview mechanisms to
determine if new patients are to be accepted into the practice.

This is particularly true for specialties which often involve
long-term relationships, such as pediatrics or obstetrics.
Physicians are very careful to regulate the number of patients they
service in order to prevent scheduling problems. With these tools
the physician is able to establish the number of visits, and
simultaneously'the time spent per visit, according to his or her
predetermined objective function. This is possible since the market
will perceive the different combinations as differentiated products.
Within certain bounds a greater average time spent per visit by the

physician will signal higher quality. The market will value this
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increased quality by some amount, implying that the physician should
consider this characteristic when defining the bundle to be offered.

Accordingly, the provision of visits and time per visit is
argued to have different effects on the cost structure of the
physician firm. There are certain costs which are incurred simply
by processing a patient through the doctor’'s office. There is a
paperwork load to be borne by the clerical staff, admitting the
patient, checking past history, billing and collecting payment,
administering insurance payments, and so forth. Non-physician
medical staff must often collect information on current complaints,
blood pressure, and temperature. There is also a cost of materials,
gloves and other sterile tools, which will exist simply because the
patient is seen.

There are also real resource uses associated with extending the
patient visit. One must assume that doctors would not extend
patient time in the office spuriously, since the revenue obtained
from additional patient visits is the opportunity cost of spending
additional time per patient. The physician must decide which
additional tests and therapy should be administered, review the
results, and transmit the information to the patient. Resources
associated with the two characteristics often overlap and have
different effects. Clerical staff may increase the physician’s
ability to see many patients, yet have little effect upon the costs
associated with increasing the length of the visit. On the other
hand, nurses may both increase the number of patients the physician

can see in a given week, and, by providing a close substitute for
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some physician time, decrease the average time the physician must

spend with each of those visits. For such reasons the cost

structure of the physician firm will not be generally separable.
In light of the discussion above, one half of the physician’s

decision process involves maximization of the objective function

(1) x = P-v-h - C(v,h) +\( H-vh ),

with respect to v and h. The maximization process results in the

traditional first order conditions:

(2) #=Ph -C - Ah =0,
v v

(3) m=Pv-C - Av=0

(4) ;A=H - vh = 0.

One implication is immediately apparent. Since there is a
constraint that v-h < H, the Kuhn-Tucker solutions will require X-(H
- v-h) = 0. If this constraint is to be binding, then X = 0 so the
F.0.C. in (4) results. In addition, since X » 0, and corner
solutions of v, h = 0 are not allowed due to the nature of the

binding H constraint, it follows that Ph-Cv=Ah >0 and Pv-Ch=Av N

® Note that since total revenue (TR) is P:v-h, then:

OTR  _ p.h = MR .
av v
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This means the physician will supply visits and hours per visit at a
point where their respective marginal revenues are not equal to the
respective market marginal costs. It will become apparent that this
'is-due to the fact that there is a trade off taking place with
leisure which distorts what would otherwise be a purely profit
maximizing decision. A second implication which falls directly out
of the F.0.C. is that €, must equal €, OF that the elasticity of
costs with respect to visits must equal the elasticity of costs with
respect to time per visit at the profit maximizing solution.

Exploration of the second order conditions reveal that they are
well behaved for a constrained profit maximizing Lagrange. The

determinant of the Hessian is:

(5) [H| = h’c_- 2vha + v’C > 0,
hh w

where ¢ = P - C_- A.
vh

The profit maximizing decision is not taken in isolation. It
is made within the broader context of utility maximization. 1In the
other half of the process, the physician chooses the utility
maximizing quantities of leisure and income. Once again, the
physician must choose how many hours per week of "labor" to supply,
given a time constraint and an income level which depends on

external (to the practice) income and the profit level which must be

simultaneously maximized. That is:
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(6) max U = U( I+ x, T - H),
H

- where’I° is external income, T is the time constraint, =n is the
érofit decision discussed above [Equation (1)], and leisure is equal
to T-H. This objective function is maximized with respect to total
hours worked. The first order condition for utility maximization

is:
(7) UH- UIA - UL- 0.

The first order condition (7) provides not only an interpretation
for X, but also a sign on the marginal revenue and marginal cost
comparison discussed in the profit maximization process above. It

is easy to see that (7) reduces to:
(8) A= 1. >0.

In other words, the Lagrange multiplier from the profit maximizing
decision represents the shadow price, or opportunity cost, of
leisure since the implicit opportunity cost of income is 1. This
interpretation will provide a foundation for interpreting later
comparative statics. In addition, the result that A > 0, will
imply, according to (2) and (3), that Ph - C;> 0 and Pv - Ch> 0.
That is, physicians will supply visits and time per visit at points
different from the usual marginal revenue-marginal cost comparison
of competitive models. There is a clear reason for this. The

physician engages in two types of activities, firm-based profit
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maximization (which from the perspective of the market for medical
services should be influenced only by those factors which affect the
cost of providing medical services) and personal utility

' maximization. Since the "firm" in this case is also an individual,
there will be an additional cost flowing from the physician’s
leisure activities which "corrupts" this market decision. This is
the cost to the physician (and so the market) of sacrificing an
additional unit of leisure time. This is measured in the visits
dimension as vA, and in the time per visit dimension as hal.

The second order condition for utility maximization is:
(9) U =U A -20 x+U_ <0.
BH  II IL LL

Now that the decision processes have been modeled, equations
(2), (3), (4), and (7) define the system which must be solved
simultaneously to describe the entire physician choice process. The

determinant of the system is:

(10) R

- U[C C - a’] - U_|H| > 0,
I wvv hh HH

where |§| > 0 from equation (5) and ﬁ;§< 0 from equation (9). A
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sufficient condition for |J| > 0 is vachh"‘2> 0. For notational
simplicity, let J = |J|. Once J has been determined to be
non-singular, the Implicit Function Theorem will imply that unique
' optimal values of v, h, H, and X will exist. Given this,
comparative statics can be performed.

Several questions are of interest, questions which can be
addressed by implementing comparative statics. Primary among them
is what are the effects on v and h which result from changes in
their own-price? Before exploring the results which are of
immediate interest, comparative statics on exogenous income should
be performed. This will facilitate later discussions. Totally
differentiating the system of equations by Ioand solving by
implementation of Cramer'’s -Rule provides a description of the

exogenous income effects:

av

-1 —-— <
(11) TET; = (J )(UEI)(va + hChh) z 0,
éh =L s <
(12) —a—Io = (J )(UHI) (ha + VCW) = 0,
and,
8H “1,,3, = dh av
(13) 310 (J 7)|H] UﬁI =v 3I° + h- 310 - 0.

Note that ﬁHI= 653/610, or the change in the F.0.C. of utility
maximization striétly due to exogenous income. The sign of (13) is
asserted negative based upon the assumption that leisure is a normal
good. Since there are only two possible uses for time, labor and

leisure, their status as substitutes will therefore force labor into
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the role of an inferior good by this assumption. As exogenous
income rises it follows that the hours of labor supplied, ceteris
paribus, diminishes.

Given descriptions of the exogenous income effects, the price
statics can be more easily interpreted. If the system is totally
differentiated by P the application of Cramer’s Rule will
produce own-price comparative statics. By inserting the income

effects embodied in (11) and (12) directly, it is easy to see that:

av av

-1 <
(14) _é—?— = H'a—Io + (J )(UI) (va + hChh) z 0,
and
dh dh -1 <
(15) _a—ﬁ— = Hﬁ; + (J )(UI)(ha + VCW) : 0.

The two terms are very similar, both consisting of income and
substitution effects. However, unlike traditional substitution
effects, the signs of the substitution effects in (14) and (15) are
indeterminate. One might expect that as compensation for visits
increases, the pure substitution effect would contribute to
increases in the numbers of visits provided. In this case, P does
not reflect only compensation for visits, but also the quality of
those visits. Therefore, a change in P may lead to substitution to
or away from visits, depending upon the effects on the v-h mix.
Another question which is crucial to the model at hand is the
supply response of hours per week worked to the price received for

total service. The comparative statics of hours worked are:
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- In this case, the terms decompose completely into income effects and
an unambiguously positive substitution effect’.

The model posited provides several important insights which can
be applied to an empirical study of the physician market. First,
and perhaps most importantly, is the realization that physician
services should not be modeled simply as hours of work per week
provided. The services are more complex, and involve a quantity
(number of visits) and quality (average time per visit) trade off.
This indicates possible shortcomings in the past literature. First,
in assuming no demand side influences existing single equation
market models yield supply curves which are negatively sloped
throughout, contrary to simple labor/leisure models. The current
work indicates that two equations are needed to describe physician
supply of service, and at least one equation is needed to identify
market demand. This implies that estimates available in past
literature are driven by a specification error.

Finally, the model allows for ambiguous price effects,

7 PO c .

It is interesting to note that if the price effects on v and h are
asserted to be completely separable, then the separate price effects
on total hours of service, H, decomposes completely into income

effects, with no apparent substitution component.



35

particularly in a market system where visits and time per visit are
so closely related, and so "backward bending" supply of hours per
week{ visits per week, and time per visit, are certainly possible.
As pointed out in the last section the more interesting questions to
answer concern the number of hours at which the bend may occur, and
the relative elasticities of the supply and demand functions at

equilibrium
IV. EMPIRICAL APPROACH AND RESULTS:

Given the theoretical considerations discussed in the last
section, it remains to specify an empirical realization of the
theoretical model. Several distinctions can be made at this point
between the current, and past work. Not only has it been shown that
a single equation approach to estimating these systems can lead to
erroneous conclusions, but also a two equation system of simple
demand and supply ignores important effects. The main goal of this
empirical discussion is to lay out, and report results from,
appropriate methods of describing the effects of supply and demand
side factors on the physician’s labor/leisure and quality/quantity
tradeoffs. Toward that end, the section which follows will discuss
the empirical model: a three equation model isolating the visits
and time per visit aspects of the model developed in Section III.
Included is a description of some of the more interesting variables
in the model. Following the specification, a discussion of the data

will point out many of the strengths of the current data set. The
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section concludes with a presentation, and interpretation, of the

empirical results.

IV.a, The specification:

In the past, most estimation techniques have relied upon single
equation approaches, or multiple equation approaches which only
identify one side of the market. For instance, estimates such as
those appearing in Brown and Snow (1990) identify supply side
effects. However, only addressing one side of the market leads to
an estimated equation such as represented in Figure 2. By
introducing variables which shift only the supply curve, the
equilibrium points used for estimating the parameters of their model
either estimate demand side price parameters or impact multipliers
which do not convey the information they seek. Therefore, it is
going to be crucial, not only to include the relevant variables, but
also to use the appropriate specification, and estimation.

Toward this end, this paper explores empirically a
specification which identifies the demand and supply sides of the
market. Additionally a simultaneous estimation technique is
employed. The model posited in Section III indicates that the
supply curve of services is multiplicative in nature. This implies,
empirically, at least two equations will be needed to capture the
effects of price changes in the service flow and the quality of that
flow from physician firms. Coupled with the two supply equations
will be an inverse demand function. This demand function reflects

the demand for an individual physician’s services, not the total
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market demand, or even an individual patient’s demand. This demand
represents the individual physician’s relevant share of the total
market demand.

The model is:
(17) InH=o +aP + aP>+ aEX + aWNP + a URB + a BRD + a CLR
1 2 9 4 5 6 7 8

+ a ILAB + a XRAY + «a IMM + a«a PCP + o PHV +
9 10 11 12 13

a POS + o MIR + a  MALPP + o AUTO + a_NUR +
14 15 16 17 18

32
) aSP + e,
i i-18 1

i=19

(18) Inh = B, + B2 + ,331»2 + B,EX + BWNP + B LAB + S XRAY +

B IMM + B ECP + B PHV + B MIR + B MALPP + a AUTO +

29
ﬂ14 ?=§5ﬁispr14 € ez’

(19) In P = , + '72H + 'YSMIN + 74AGE + 'ysWNP + 'ysURB + 77BRD +

78PUBI+ 'ngRII + 'yloNAM + 'ynFRD + 'ylzNE + 713NC + 'yMSO
31
+ ) aSP _+e_.
i i-14 3
i=15
There are several categories into which these variables fall.
First, of course, are the endogenous variables: P = wage rate per
hour of labor supplied in a week, H= total hours of service provided
in a week, and h= time per visit provided (in fractions of hours).
The model developed in section II involved H, h, and v. However,

since the identity H = v-h must hold, empirically one can model the

supply side as functions of H and h while retaining all the
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information on the trade off between quality and quantity.

The exogenous supply variables are broken into two categories,
physician activity related and socio-economic variables. The
variables which are more specific to the individual practice are:
POS= price per square foot of office space, EX= years of experience
of the physician, BRD= 1 if physician is board certified, Si= dummy
variables for specialties (Table 1 lists each), MALPP= amount of
malpractice insurance premiums paid by the physician expressed as a
percent of gross revenues, LAB= percent of office visits for which
laboratory or testing procedures were performed, XRAY= percent of
office visits for which x-rays were performed, IMM= percent of
office visits during which immunizations or injections were
performed, PCP= percent of the physician’s total hours spent in
patient contact, PHV= percent of visits which were in a hospital,
CLR and NUR= number of clerical and Registered Nurse employees,
respectively. These supply side variables are chosen due to their
expected effects on the costs of providing physician services.
Supply variables which reflect more locational differences are: MIR=
marginal state tax rate, URB= 1 if the physician is practicing in an
urban area, and WNP= wages for non-physician employees.

These variables are chosen due to their expected effects on
physician cost and the effects on the nature of the service. POS,
MALPP, AUTO, CLR,.and NUR all fall into this category. These
variables all represent a cost to the physician for providing
service, and as such are expected to have a major influence on the

decision process. Several of the variables mentioned above affect
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the nature of the service being offered. PHV, for instance falls
into this category since visits provided at a hospital are
intrinsically different from those provided in the doctor’s office.

' Therefore the time requirements are expected to be affected. LAB,
and XRAY also affect the structure of a visit since additional
interpretive time may be required, or even additional visits. Since
most visits which involve immunizations are scheduled as such and
require much less of the doctor’s time, IMM is included. Lastly,
MTR, URB, PCP, BRD, and the specialty dummies are all included since
they identify individual physician characteristics which should
affect the decision process.

Due to the identity of H=v-h, it must be true that the variables
which are included in the equation describing h are a sub-set of the
total number of variables in the equation describing H. Anything
which appears in H, but not h, is exclusively an effect on visits
(cost of office space and numbers of clerical workers, for
instance). The sub-set of variables on time per visit is chosen due
to their expected effects on h. Rationals are the same as given
above.

Variables used to identify the demand side of the market
include: MIN= percent of patients who are minorities (African
American and both white and non-white Hispanic American), AGE= age
of the physician, WNP= wages for non-physician employees (used as a
proxy for income), PUBI= percent of patients enrolled in Medicaid or

Medicare, PRII= the percent of patients enrolled in a major private
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insurer or Blue Shielda, NAM= 1 if physician does not accept
Medicaid, FRD=1 if physician ever reduces fees for poor patients,
and NE, NC, SO= 1 if the physician is located in the Northeast,
North central, or Southern region of the country (Western is the
excluded category). Several variables used in the supply side of
the model also appear in the demand side (URB, BRD, WNP) due to
their expected demand side effects. These variables all have rather
traditional economic interpretation in terms of their effects on

patient demand. It is important to note that this demand curve is

® The terms for the different insurance categories are entered as
if they were completely exogenous. This is not likely to be
accurate. Physicians, having the ability to screen patients prior
to treatment, and possessing information concerning the insurance
carrier employed by the different patients, are able to choose some
mix of insurance which maximizes profits. In this sense, the
percent of patients in a practice under Blue Cross, Private
Insurance, Medicaid, and Medicare are endogenous choice variables.
One interesting question which arises at this point is why
physicians would not drive the Medicaid percent of their patients
to a corner solution (due to the prohibition on collecting portions
of the fee not paid by the government from the patients). Answers
to this question, and the issue of the endogenous nature of PUBI
and PRII are beyond the scope of this chapter. These issues

are, in fact, the subject of Chapter III.
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not the market demand curve; rather this specifies demand faced by
the individual physician firm. Variables are chosen for the demand
equation which help identify separate social and economic influences
on the decision processes of the patient.

Several variables need more explicit description. The price
variable in particular is distinct from those used in past
literature. As was noted above, the role insurance plays in the
medical provision and demand decisions is complex and would not be
adequately captured by simply including a dummy variable in the
estimation. On the supply side, insurance has several influences.
First, it may affect the cost of providing care by increasing the
paperwork required and perhaps increasing the time between services
rendered and actual payment. This effect can be adequately captured
by variables which indicate the percent of patients under certain
coverages. Major insurance policies, Blue Cross- Blue Shield, and
Medicare would have no effect on the actual amount received by the
physician as payment. Any amounts not covered by the policies are
paid by the patient. However, Medicaid is a different issue. When
a physician agrees to accept Medicaid as payment for services
rendered to patients, the physician agrees to accept this payment as
compensation in full. Any percent of the customary fee not covered
by Medicaid is a loss to the physician and must be viewed as a
forced fee reduction. For this reason, the existence of Medicaid
patients must be viewed as a reduction in the average fee received

by the physician. Therefore, P must be adjusted downward for the
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presence of Medicaid®,

For certain questions, the demand side price must also be
adjusted downward to capture the true effects of insurance. If the
. question at hand were concerned with the patient demand only, then
the true demand price should be isolated by assuming that any
amount of the customary fee not covered by insurance payments is
paid by the patient. This would allow the average reduction in fees

to the patient to be calculated’. However, for the purposes of this

® The method of adjusting the price for Medicaid is to multiply the

raw price by an adjustment factor. This adjustment factor is equal
to the percentage of the practice’s patients who paid by Medicaid
multiplied by the average amount of the customary fee paid by
Medicaid. This factor represents the percent that the average fee
is reduced due to Medicaid patients. The reductions ranged from a
low of 0 percent reduction to a high of 56 percent reduction of the

average customary fee.

Y The calculation of the adjustment factor for the demand side

would be very similar to the correction made to the supply side.
However, to obtain the patient demand in isolation of the insurers,

four insurance programs must be considered: Medicaid, Medicare,
Blue Shield, and a major private insurer. The percent of patients
in Medicare, Blue Shield, and private insurance programs multiplied
by the percentage reduction in fees provide an adjustment factor

(assuming that the amount not covered is paid by the patient).
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discussion, the demand of patients independent of insurers is not of
primary interest. In the market patients and insurers are not
sepa:ablé entities. The market demand curve, which is of principal
interest here, is a "joint" decision relationship reflecting not
only the patients utility and income, but also the insurer’s subsidy
into the medical marketplace. Therefore, for this study, the demand
side price will not be deflated as discussed above, and the demand
curve estimated will be tﬁe phjsician's share of market demand, as
discussed above. Still, the percents of patients in the various
insuranqe plans are included separately in the demand equations so

that differences in impact might be picked up.

These avgrége reductions can then be added to the 100 percent
reduction that Medicaid patients receive (multiplied by the percent
in Medicaid; of course). These four measures averaged to arrive at
an average fee reduction to the patient due to insurance plans
provides a complete demand fee adjustment. This is applied to the
customary fee to arrive at the actual demand price paid by the
average patiernt in the physiciap’s practice which is the true
marginal price consumers of medical care make decisions across. The
presence df insurance, by reducing the demand price to patients,
wou}d ceteris paribus, increase the amount of medical services
demanded. Given this new set of prices, estimating the system of
equations produces the actual demand for physician services of the

patiehts "independent" of the insurers. As stated above, this is

not the goal of this paper.
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Many of the variables listed above should affect the choice
variables in directions which can be strongly anticipated a priori,
while others cannot be anticipated with any certainty. Perh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>