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ABSTRACT

A MULTIPLE OUTPUT TRANSLOG COST FUNCTION ESTIMATION
OF ACADEMIC LABOR SERVICES

By

William Dale King

This study addresses several questions qoncerning the
structure of costs in higher education using a multiple out-
put model. The objectives are: 1) to analyze the demand
for academic labor services consisting of tenured faculty,
non-tenured faculty, and graduate assistants, 2) to analyze
the supply of outputs of higher education consisting of under-
graduate instruction, graduate instruction, and research, and
3) to test for the existance of separability, homogeneity of
outputs, constant returns to scale, and a Cobb-Douglas
structure to costs in higher education.

These objectives require estimation of production
relations without placing a priori constraints on the elas-
ticities of substitution among the academic labor services
and the outputs. Thus, a translog cost function is specified
as a quadratic approximation to the production process. It
is from these estimates of this cost function that the
appropriate elasticities of demand, marginal cost, and sub-
stitution are derived. 1In addition, a system of direct
demand equations for the academic labor services is also
solved simultaneously to provide results to compare with the
translog cost function.

Estimation is based on the underlying assumption that



William Dale King
technology is similar across all departments included at
Michigan State University and leads to the following conclu-
sions. Among the academic labor services, all are substitutes
in production. The non-tenured faculty and graduate assist-
ants are the easiest substitutes. The tenured faculty and
non-tenured faculty are less substitutable with the tenured
faculty and graduate assistants having the least substituta-
bility. The elasticities of demand for the inputs are all
negative and sufficiently small to indicate all are inelastic
in demand.

Estimates of the elasticity of substitution for the
outputs indicate all are easy substitutes. The easiest sub-
stitution is between undergraduate instruction and research.
Research and graduate instruction are less substitutable with
graduate and undergraduate instruction having the least
substitutability. In addition, increasing returns to scale
exist for all outputs with research and undergraduate
instruction having the greatest returns and graduate instruc-
tion having the least.

Finally, the evidence did not suggest that any constraints
on the translog cost function are appropriate. The tests of
separability, homogeneity of outputs, constant returns to
scale, and a Cobb-Douglas form produced results that were
significantly different from the unrestricted translog model.
The direct demand model was found to contain symmetry in the

cross-price elasticities and homogeneity of the outputs.
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"I must candidly admit that I do not know what
the elasticity of supply of resources to the
educational sector is or how easy it is to
switch resources in the educational sector
from teaching to research (at least at the
margin where the switch counts). The substi-
tutability of resources within the sector
depends on the production function for the
various outputs produced by the sector."

(Nerlove, 1972)
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CHAPTER I

INTRODUCTION

Regardless of how optimistically one would like to view
the future, there is little doubt that enrollments in higher
education will decline sharply over the next decade. The
cost of not knowing the substitutability of resources will
continue to rise as administrators and faculty try to
restructure their institutions to meet these changing cir-
cumstances.

Empirical estimates of the elasticities of substitution
among the faculty and graduate assistants, for example, are
important in determining the impact upon a university when
reduced enrollments necessitate cutbacks in the teaching
staff. Administrators have many options available. They
could adopt programs to promote early retirement for the
tenured faculty, lengthen the time period necessary for
faculty members to gain tenure, or eliminate graduate
assistantships in specific programs. Currently, very little
is known about how each of these employment policies will
affect the overall teaching and research aspects of a
university. It may be true that many provosts, deans, or
department chairpersons have some intuitive notion of how

their institutions can adapt to the declines of the future,
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but it is doubtful that anyone has a clear grasp of the
system of higher education as a whole (Nerlove, 1972).

There are several ways one rmight go about modeling the
structure of higher education. Each approach implies a
different assumption about the process being examined. There
are two that are relevant to the study presented here. The
first approach assumes that an instructional department at
one university is faced with the same production function as
similar departments at other universities. The other
approach assumes that although each department within a
university may face a slightly different production function,
the differences are not great enough to overshadow the
valuable information that can be provided to the central
administration of the university. The latter approach is
the direction taken by this study. This is not to say that
one is absolutely preferable to the other, but that both can
provide a unique perspective on a rather complicated produc-
tion process.

It appears to be reasonable, based on the above assump-
tions, to build a model that makes use of data relating to a
particular discipline across many universities. Obviously,
the generating of student credit hours for an Economics
Department is more closely related to the production process
at other Economics Departments than it is to, say, the
production process applicable to the science or agriculture
departments within that university. This relationship would

exist for most disciplines of higher education. Research
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facilities, laboratory'equipment, and the size of lectures,
all vary widely from department to department or college to
college within a university. However appealing the cross-
university approach, may be, there are two serious problems
that arise when building a model on this basis. The first
problem is that it is extremely difficult to gather all of
the data necessary for the model. Most universities compile
data on student credit hours and the number of tenured
faculty. This data could be collected with only minimal dif-
ficulty. On the other hand, research output and full-time
equivalent employment for temporary faculty are not collected
at most universities, thus requiring rough approximations and
guesswork on the part of the model builder. Second, there
would be some question as to whether the data were completely
consistent and compiled according to a uniform set of
definitions across all universities. This would be espe-
cially true for measuring research output and graduate
student credit hours. At this point, this approach for
modeling higher education would be inordinately expensive if
one were to collect enough data that would be suitable for
analysis.

The use of data within one university and across dis-
ciplines also deserves careful examination. The problems
with the above approach do not exist when the data are
collected from a carefully defined set of reports at one
university. Michigan State University collects all of the

necessary data required to make this analysis feasible. The
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data are compiled according to one uniform set of definitions
and can be considered reliable for the years being studied.
These reports are all available in several forms from the
Office of Institutional Research. Using this approach re-
quires that we assume that all disciplines and departments
within the university are facing the same production function.
This assumption is, indeed, very strong since we do not know,
and are unable to test, the extent to which it is true.
Violating this assumption will affect the estimates of the
model in two important ways. First, it can contribute
significantly to the inability of the model to satisfy the
first- and second-order conditions necessary for a cost
function to be well behaved. Not satisfying the first- and
second-order conditions would lead us to believe that the
departments of the university are not making decisions based
on cost minimization. However, this can be an erroneous
conclusion because it does not rule out the possibility that
the departments are truly cost minimizers but acting accord-
ing to a different production function. Thus, we could
reject the model for not properly estimating the cost
function when, in fact, there may be more than one. The
second difficulty arises in the estimates of elasticities
presented in a later chapter. In the one instance where the
estimated cost function is well-behaved, approximately one-
half of the coefficients are not significantly different
from zero. This implies that the elasticity estimates using

these coefficients may not be reliable.
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Obviously, it would strengthen the analysis considerably
if the model could account for the differences in the struc-
ture of production across departments. It is unfortunate
that this cannot be done and we must suggest this as a
direction for future investigation. Since the purpose of
this study is to provide the central administration with
university-wide policy proposals, it is necessary to assume
only one production function exists for all of the depart-
ments within the university. The differences applicable to
any one department from the single (hypothetical) production
function being created here will appear in the error term of
the specific regression equations. The role of the error
term will be two-fold in this study. It will contain the
information on the distance certain departments are from
their production frontiers and will also be a measure of the
inadequacy of specifying an entire university's output with

one production function.

The Nature of Academic Labor Services

It is necessary, for the purposes of comparison, to
state explicitly what we regard as an intuitive understand-
ing of the workings of the university and the process of
providing instruction and research. The outputs we include
in our model are undergraduate teaching, graduate teaching,
and research by department. The inputs we measure are three
types of academic labor services defined as the number of

full-time equivalent tenured faculty, non-tenured faculty
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including tenure stream and temporary faculty,l and graduate
assistants by department. We believe the non-tenured and
tenured faculty to be substitutes in all three outputs of
undergraduate instruction, graduate instruction, and research.
The non-tenured faculty are at the beginning of their aca-
demic careers and therefore may be more interested in
scholarly publication and graduate instruction but, never-
theless, the tenured and non-tenured faculty share depart-
mental responsibilities for producing all of the outputs.
The difference between these two labor services is only in
the degree that they are substitutes.

Graduate assistants, on the other hand, play a different
role in the production process because they are both inputs
and outputs. It becomes important here to separate the
three outputs and discuss each one separately. In under-
graduate teaching, we feel the graduate assistants are
fairly good substitutes for both types of faculty. There are
two reasons for this. The first is that graduate assistants
frequently act as instructors for classes without requiring
supervision by any faculty member. Second, if student
demand for freshman and sophornre classes increases rapidly,
class sizes can be increased and more graduate assistants
may be hired to assist the faculty member teaching the

class. Rather than hiring a temporary faculty member to

1 Less than 10 percent of the departments in the
university have temporary faculty that are more than 25
percent of the total number of non-tenured faculty.
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maintain the same class size with more sections taught, most
departments may, instead, hire more graduate assistants

with larger classes. Thus, although the graduate assistants
are working under the supervision of a faculty member and
might be considered to be a complement to the faculty, they
are actually substitutes.

With respect to research, we believe graduate assistants
are complements to both types of faculty. This is because
they produce very little research separate from the faculty.
Further, we feel that the faculty can attract graduate
assistants to provide much of the "leg work" of their
research activity, although the data are not available to
prove this. It is for this reason that the graduate assist-
ants would be expected to be complements with the faculty.

We believe graduate assistants do not make any signifi-
cant contribution to graduate instruction. Although there
might be some support by graduate assistants to the faculty,
we do not know its size. Therefore, we will assume it to be
negligible, and expect to find that graduate assistants are
only slight substitutes with both types of faculty with
respect to graduate teaching. However, this does not mean
that a correlation does not exist between the size of a
graduate program and the number of graduate assistantships
offered by the department. 1In fact, the number of graduate
students taught by departments was found to be a significant

predictor of the number of graduate assistants
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employed.2 There is an additional connection between the
graduate program and the number of graduate assistants. The
salary paid graduate assistants not only reimburses them for
services performed, but also represents a stipend for their
enrollment in the graduate program. There is not sufficient
data available to determine how graduate assistants divide
their working hours between assisting faculty members and
providing unsupervised undergraduate instruction. This makes
it difficult to determine whether the substitutability
between graduate assistants and the faculty in undergraduate
and graduate instruction overshadows the complementarity in
research. We will assume that it does. This is because we
believe the bercentage of all of the graduate assistants'
time spent on instruction is greater than that spent on
research. Again, these relationships reflect a tentative a
priori understanding of the structure of academic labor
services in higher education and will be used in the analysis
to proviae a basis for comparing the estimates of the model

presented in Chapter 1V.

2 In the demand equations, to be discussed in Chapter 1V,
we discovered that graduate student credit hours was a signi-
ficant variable in predicting the number of graduate assistant
appointments. It is estimated from direct demand equations
that a 10% increase in graduate instruction will cause approx-
imately a 3% increase in graduate assistant employment (See
Table 4.3).
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Two Analytical Approaches

There are two analytical approaches to the study of
higher education presented in this study. The first method
of analysis is through a system of demand equations with
each equation representing the demand for each input. The
second method is a multiple output cost function estimation
where the substitutability of the inputs can be examined in
a joint production framework. This will produce not only
demand elasticities for the inputs but, also, elasticities
of substitution and the supply elasticities of the outputs.

This study concentrates only on what are referred to as
"academic labor services" or those individuals employed in
instructional departments and holding faculty rank or a
graduate assistant appointment. This seemingly narrow ap-
proach is justified on practical grounds. First, the costs
related to the operation of a college or university that are
not devoted to faculty or graduate assistant salaries are
extremely difficult to associate with any one department.
Many different departments share the same facilities such as
classrooms, laboratories, and libraries. In addition, a
major goal of academic administrators (provosts, deans, and
chairpersons) is to optimize the mix of their academic labor
services with all other expenditures assumed to be of
secondary importance.

Within the examination of higher education at the depart-
mental level this study's objectives are: 1) to test the

applicability of a priori restrictions of homogeneity,
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separability, and a Cobb-Douglas form, 2) to estimate the
demand elasticities and cross-price elasticities of academic
labor services, 3) to estimate the supply elasticities of
outputs. These objectives, once achieved, can assist in the
discussion of changing the structure or composition of
academic labor services in higher education consisting of
tenured faculty, non-tenured faculty, and graduate assistants.
The outputs will consist of undergraduate instruction,
graduate instruction, and research.

Chapter II provides the theoretical framework on which
the direct demand analysis and joint cost function analyses
are based. Both analyses are developed with their necessary
assumptions and testable restrictions. The methods of esti-
mation and determination of elasticities derived are also
presented in this chapter.

In Chapter III, special attention is paid to how the
inputs and outputs of higher education are specified. This
chapter also elaborates upon many of the problems that must
be overcome in order to make it possible to adapt the avail-
able data to a model of the academic labor services of higher
education.

Chapter IV provides the actual estimates from the system
of demand equations and the translog cost function. The
various elasticities are presented along with the applica-
bility of the translog cost function and the restrictions of
homogeneity of the outputs, separability, and the joint

product Cobb-Douglas functional form.
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It is possible to apply the various elasticities derived
from both methods to answer specific policy questions. Some
of these questions will be formulated and answered in
Chapter V. The issues that can be addressed relate to the
decline of undergraduate enrollments, continuation of certain
graduate programs, and projecting the impact of salary in-
creases on the employment of labor services.

Chapter VI summarizes the conclusions and draws the
relevant policy implications toward higher education based on
the findings of the models. The findings indicate that it
would be appropriate for a university in times of decline, to
reduce its non-tenured faculty level first, with graduate
assistants supporting their teaching loads and the tenured

faculty providing the research.



CHAPTER I1

THEORETICAL FRAMEWORK

Introduction

The structure of higher education can be studied from
two rather different perspectives. The first, which will be
referred to as the "Direct Demand Analysis," looks at the
structure as a system of simultaneous demand equations for
each factor input. The second perspective, termed the
"Joint Product Cost Function," considers the underlying cost
function directly and from it the demand equations for the
factor inputs are derived.

The interpretation of the demand for academic labor
services will be based on these two perspectives. Both
methods are included in this study because each contains
advantages and disadvantages. The direct demand analysis
provides a simple, straightforward approach unencumbered by
long mathematical expressions or abstract functional designs.
It is less attractive because it does not allow us to derive
the elasticities of substitution of the factor inputs or
provide an insight into the jointness of outputs. These are
serious disadvantages since it is the existence of the joint-
ness of the outputs that makes the study of higher education
an interesting economic and econometric problem and the

12
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motivation for this research. The direct demand analysis is
nonetheless important to this study for two reasons. First,
it does provide estimates of demand elasticities and scale
economies that are useful for comparison with the estimates
derived from the joint product cost function; and, second,
it provides some measure of how well higher education con-
forms to the principles of microeconomic theory.

The joint product cost function, on the other hand,
easily produces the elasticities of substitution, demand,
and marginal cost but also contains disadvantages in the
empirical estimation of the model. 1In this model, there are
27 independent variables. The large number of coefficients
to be estimated increases the likelihood that many coeffi-
cients will be insignificant. Since the elasticities of
substitution, demand, and marginal cost are estimated from
insignificant coefficients, the major disadvantage with this

approach is the unreliable estimates of these coefficients.

The Approach to the Specification of Joint Production

The process of producing higher education can be
examined through the estimation of either a production
function or cost function. Estimating a production function
requires specifying the inputs in terms of quantities while
a cost function uses inputs prices. The general production

function of the model is:
f(Yl'YZ'.-.,Ym'xl,xz,...'xn) = 0 (2.1)

where the Y's represent the outputs and the X's represent
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the inputs (Hall, 1973; Brown et al., 1979).
Applying this general form to our higher education

problem we have:

£(Y ,L L,,K,E,M) = 0 (2.2)

U'YG'YR T'°N'

where YU’ YG' Y_ are the outputs of undergraduate and

R
graduate education and research respectively. The academic
labor services are defined as tenured faculty (LT), non-
tenured faculty (LN), and graduate assistance (LA)' The
other inputs relate to capital (K), other employment (E),
and méterials, supplies and services (M). Since this study
is only concerned with the substitution among the types of
academic labor services, all of the other inputs can be
expressed as elements within the subset xi.1

Typically, this general function is developed further
to gain more insight into the specific relationships under
study. Hudson and Jorgensen (1974), Griffin (1977), Fuss
(1977), and Brown et al. (1979), are popular examples of
models making use of an aggregator function.

Applying the use of aggregator functions to higher
education, we can create a production function that permits
us to examine only the outputs and the academic labor ser-

vices. Writing the general functional form in a form that

will permit us to examine only the outputs and the academic

1 This is consistent with the terminology developed in

Hasenkamp (1976).
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labor services, we have:
f(h(YU,YG,YR,LT,LN,LA), k(x,...xe)) =0 (2.3)

where functions h and k, are referred to as aggregators.

Writing the production function in this form implies the
existence of weak separability between the outputs and
academic labor inputs, h(-), and the non-academic inputs,
k().

Weak separability means that the marginal rates of sub-
stitution between elements within an aggregator are indepen-
dent of the quantities demanded of elements outside the
aggregator. For example, the cost-minimizing choice of the
academic labor mix is independent of either the mix or level
of capital, other employment, or materials (Berndt and
Christensen, 1973).

Imposing separability provides two important results.
First, only under the existence of separability do aggregate
functions exist. Second, the existence of aggregates which
are homothetic in their components implies an underlying
two-stage optimization procedure: optimize the mix of com-
ponents within each aggregate and then optimize the mix of
the aggregates.

It is important that we assume separability exists in
order to reduce our model from all of the inputs and outputs
of higher education to only those inputs (and outputs) that
we feel are important to the decision-making processes. The

constraint of separability does agree, generally, with what
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we find in how employment decisions are made. Additionally,
the separability constraint justifies the separate construc-
tion of a sub-model into only the academic labor and output

components expressed as:

f(h(Y 'L LN,LA)) =0 (2.4)

U'YG'YR T'

and is the structural basis for this study (Fuss, 1977).

The translog function used in this study is assumed to
be a good second-order approximation to an unknown function
and not the "exact" function (Fuss, 1977).2 More recently,
Brown et al. (1979), were able to test the constraint of
separability between multiple inputs and multiple outputs.
Their test will be incorporated into this study. However,
the existence of separability between any non-academic labor
input and the outputs can only be assumed and cannot be proven
due to the non-labor inputs being excluded from the sub-model
(and not included in the data).

In this section we establish the specific direct demand
equations from the general functional form developed above.

In addition, the model is also modified to the existence of
the constraints of homogeneity, symmetry, and constant returns
to scale. Having derived the general functional form as
stated in equation (2.4) above, the relevant demand equa-

tions are a transformation of this form. Demand for each

2 Denny and Fuss (1977) present a comprehensive discus-
sion of an exact versus an approximate production function.
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type of academic labor service is a function not only of the
price of that input but also the price of the other 1labor

inputs and the outputs:

Ly = Lp(PpePyrPp Yy, Yo, Yp)
Ly = Ly (PoyP, Py, Y, Yo, ¥o) (2.5)

where PT' PN’ and P_ represent the full-time equivalent

A
salaries of the tenured faculty, non-tenured faculty, and
graduate assistants respectively.

Expressing all of the variables as logarithms, the un-
restricted model has the input quantities as the dependent
variable with the dependent variables consisting of the
input prices and the output quantities.

The explicit equations to be estimated in the Unre-

stricted Direct Demand model are:

QnL A1+Bl£nP +B2£nPN+B32nP +C12nYU+C2£nY +C32nYR+el

QnLN=A2+B42nPT+B52nPN+B6lnPA+C4RnYU+C52nYG+C62nYR+e2 (2.6)

lnLA=A3+B7£nPT+B82nPN+BgZnPA+C7lnYU+C82nYG+C92nYR+e3

where the &nL's are the logarithms of the quantities of the
inputs of tenured faculty (T), non-tenured faculty (N), and
graduate assistants (A); and the ¢nP's are the logarithms of
the prices of inputs T, N, and A. The outputs (Y's) are
defined as undergraduate student credit hours (U), graduate

student credit hours (G), and research (R). The coefficients
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denoted by B's or C's represent the elasticities of the
prices and outputs, respectively.

The constraints of homogeneity of input prices, symmetry
of cross price elasticities, and constant returns to scale
are all possible conditions that can be imposed. Linear
homogeneity of a production function implies that when the
quantities of all the inputs employed are increased by some
proportion, say doubled, then output will also be doubled.
Given that linear homogeneity exists in a production process,
then it can be said the model is homogeneous of degree zero
with respect to input price. That is to say =-- the relative
quantities or quantity ratios of the factor inputs used in
the production process are determined solely by relative
prices (or price ratios). If all input prices were to
double, there would be no change in the relative quantities
of the inputs employed. This condition can be represented by
setting the sum of the coefficients on prices equal to zero
in each equation which will place three restrictions on the
model.

The demand equations, with the constraint of homogeneity,

become:
J?.nLT=Al+B12n(PT/PA)+B22n(PN/PA)+ClJLnYU+C22nYG+C39.nYR+e1

Ze4nY _+C2

R,nLN=A2+B42n(PT/PA)+B52n(PN/PA)+C4!LnYU+C5 G 6JLnYR+e2 (2.7)

lnLA=A3+B72n(PT/PA)+B8£n(PN/PA)+C72nYd+C82nYG+C92nYR+e3

The remaining parameters are determined from the linear homo-

geneity constraint:



(VS IAN

O\

19

(2.8)

Constant returns to scale can be imposed by setting the

sum of the coefficients on the outputs equal to one. This

can be done easily, with exactly the same procedure used

for the homogeneity constraint, and will result in a total

of six restrictions.

scale, the model becomes:

When we impose constant returns to

&nL =Ai+BI2n(PT/PA)+B5£n(PN/PA)+Ciln(YU/YR)+C52n(YG/YR)+ei

T

RnLN=A£+BZQn(PT/PA)+Bg2n(PN/PA)+C22n(YU/YR)+Cgln(YG/YR)+e5 (2.9)

QnLA=A5+B;2n(PT/PA)+B§2n(PN/PA)+C;Zn(YU/YR)+C§2n(YG/YR)+e§

The coefficients Bi are determined in the same manner as

before, and the coefficients Cj are found with the following

equations:

]

1 - ‘Ci
1l - (cz
1 - (c;

+ Cg)

+ Cé)

+ Cg)

(2.10)

The final constraint that can be placed on the direct

demand model is symmetry of the cross price elasticities.

This can be defined as:

BZnLi

9nL,

5%np.
3

o4npP,
i

(2.11)
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This implies a reciprocal relationship of the corresponding
coefficients on "other prices" in the demand equations. For
example, the coefficient on Pp in the demand equation Ly must

be equal to the coefficient P, in the demand equation 1%

T
This will place three restrictions on the model. stated as:

“znP +B™LnP +C”an +C"AnY  +C"nY +em

AnLg=A 2 3 1 24nYHCa 1

T+BlznP +B

menP_+B™MunP_+4+C"2nY +CMLnY +C"nyY_+e!M (2.12)

= m
AnLy=ASHBIUNP+BoLnP +BAINP, +C/MNY +COLNY +CinY +e )

2

R.nL ‘A"‘-G-B"'Q,nP +B¢

3tB3 lnP +B"1nP +CM"nY _+C

] m
6 9 7 U menY +C'£nYR+e

8 G 9 3

The combination of symmetry and homogeneity will place
six restrictions on the model. The Direct Demand equations

to be estimated become:

=A%
R,nLT A

1+Bi2n(PT/PA)+B§ln(PN/PA)+CilnYU+C*2nY +CA4nY_+e¥

2 G "3 R 71

= *
lnLN A§+B§2n(PT/PA)+B42n(PN/PA)+CZRDYU+C§2nYG+CgEnYR+eE

=A% %* * * *
anA A3+C72,nYU+C8II,nYG+C91nYR+e3

with the remaining parameters determined from the following

equations:
Bg = —(Bi + 85)
Bg = -(B% + Bz)‘ (2.14)
* = *
B9 Bl + Bz + 2B§

In conclusion, these four restrictive models will be
tested against the unrestricted model to determine the most
appropriate set of constraints to represent the production

process of higher education.

(2.13)
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The Joint Product Cost Function =-- The General Form

As stated by Christensen and Green (1976), recent appli-
cation of duality theory to problems in economics has
resulted in many useful results for the study of production
and cost relationship. (An extensive review of the litera-
ture is contained in Diewert (1974).) A fundamental result
is that, given certain regqularity conditions to be stated
later, for every production function there is a cost function
that is dual to it. Thus, the structure of production can be
studied empirically through the use of either a production
function or a cost function.

It is commonly accepted in the literature that the
choice between a cost function or production function should
be made on the economic characteristics of the market to be
analyzed. It is thought that if prices are exogenous, a cost
function is the best approach; and, if prices are endogenous, a
production function model is preferable (Grant, 1979).

Berndt and Wood (1975) suggest that, "At the level of an
individual firm it may be reasonable to assume that the
supply of inputs is perfectly elastic and, therefore, the
input prices are fixed." It is for this reason that we have
chosen to estimate a joint cost function with the assumption
of exogenous prices. However, there is an economic issue
regarding whether factor prices are truly exogenous even when
a production function is estimated. If the factor prices

are endogenous, or P = P(Y), then even under constant returns

to scale, the cost function is C(Y,P) = C(Y,P(Y)) and not
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C(Y,P) = Y x C(P) as is commonly assumed. The consequence
of assuming that factor prices are not exogenous and there-
fore not constant to the firm is that an underlying supply
curve for each factor must be specified. 1In practice, this
is not usually done. Most models make use of production
function estimates that were derived through the first-order
conditions in Cobb-Douglas and CES functions or factor share
equations as in translog estimation. Thus, the data points
represent points where the price ratio equals the marginal
rate of transformation. The price ratio, in turn, requires
prices to be determined outside the model and must be exo-
genous. Therefore, the point to be expressed here is that,
regardless of whether a cost or production function is
explicitly used in the study, both make use of exogenous
prices if first-order conditions or share equations are
used.

It has been shown by Hall (1973) that for every joint
production function (similar to equation 2.4 above) there
exists a joint cost function that is dual to it. We can,
therefore, write our model in terms of a unique joint cost

function as:

Proving this transformation requires the use of the Shephard-
Uzawa-McFadden-Duality Theorem for Joint Cost Functions.
Briefly, this theorem states that, if it is assumed that the

transformation function f(Y,X) has a strictly convex input
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structure (to rule out perfect substitutes or perfect comple-
ments), then there exists a unique joint cost function that
is dual to the transformation function. Further, the cost
function must be positive, linear, homogeneous, non-
decreasing, and concave in factor prices. Finally, the cost
function must obey Shephard's lemma, which states that the
vector of cost minimizing factor inputs is equal to the
vector of derivatives of the cost function with respect to
factor prices. (A proof of this theorem exists in McFadden
(1973)) .

As stated in the introduction, this study will illustrate
how the translog function proposed by Christensen et al.
(1973) can be used to represent a joint cost function. The
translog is a second-order approximation to a general
functional form. It will permit the testing of assumptions
on the structure of cost in higher education such as the
separability between the input and the outputs and the homo-
geneity of outputs along with determining the Allen-Uzawa
Elasticities of Substitution (Berndt & Christensen, 1973a
and Denny and Fuss, 1977). The translog form places no a
priori restrictions on the substitution possibilities among
the inputs.

The general form of the translog cost function is as

follows:
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2nC = A +

n~3

n
AilnYi + E BjR.nPj

i=1 j=1

m n
+ z ID, .4nY . 4nY.
* i=1 j=1*4 t
(2.16)
m n
+ % I z Gi.lnPiZnP.
i=1 §=1 1J ]
m n
+ I z Ri.QnYilnP.
i=1 §=1 ]
where Ao represent the state of technological knowledge,
Ay Bj' Dij' Gij' and Rij are the technologically determined
cost parameters of the first-and second-order parameters.
Additionally, the Dij = Dji and the Gij = Gji but the
Rij # Rji are imposed as a symmetry condition (for further
discussion see Berndt and Christensen, 1973b). The expres-
sion in (2.16) has one neutral parameter (Ao), n +m first-
order parameters (Ai’Bj)' and (m+l) (m/2) + (n+l)(n/2) + mn
second-order parameters where m is the number of outputs and
n is the number of inputs.

The application of the assumption of homogeneity of
input prices as described by Brown (1979) for the multipro-
duct cost function implies:

n n

m
LB, =1 LI G,. =20 z

R.. = 0 (2.17)
17 i=1 1 j=1 1J

The derivation of these restrictions is contained in
Christensen et al. (1973). They imply that as input prices

rise by a fixed percentage, total cost will rise by that same
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percentage. The second-order terms are forced to sum to
zero in order to negate any effect they might have on total
cost. This will leave the Bj to exert the only impact on
total cost as input prices change and maintain the economic
meaning of homogeneity. This assumption, along with the
condition of symmetry, reduces the number of free parameters
to (m+n+l) (m+n)/2.

Relating the general format to the specific cost func-
tion under study, we can thus modify the unrestricted case
of the translog cost function for higher education to include
the constraints of symmetry and homogeneity in input prices
with perfectly competitive factor markets.

The joint cost function of academic labor services con-
tains a total of 34 independent parameters. There are one
neutral, 6 first-order, and 27 second-order parameters to be
determined. The symmetry condition eliminates 6 parameters
while the homogeneity of input prices permits the number of
free parameters to be reduced by an additional 7. Thus, the

number of free parameters to be estimated in the model is 21.

The Joint Product Cost Function -- Share Equations

In order to estimate the parameters of (2.16) above, we
can employ the simple method of ordinary least squares. How-
ever, additional information is available, which will result
in improved efficiency of estimation. Shephard's lemma
assures us that there is a set of factor demand equations

which can be derived from the joint cost function. 1In
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logarithmic form, Shephard's lemma can be written:

aanc _ ac . T3 _ F3¥5 - s,
aLnP. 9P, C C ]

J J

where Sj is the share of input j in total cost. For the
joint translog function in (2.16), this yields the following
three equations representing the input shares of each of the

factors:

ST = BT + iEIGiTQnPi + jgleTlan
n m

SN = BN + iilGiNlnPi + jileNlan (2.18)
n m

SA = BA + iilGiAlnPi + jﬁleARan

(where i = T,N,A, and j = U,G,R)

Additionally, we can improve the efficiency of the
estimates of the model by using the information contained in
the outputs (Hall, 1973 and Burgess, 1974). However, in
order to take advantage of this information we must first
add an additional assumption to the model. We must assume
that perfect competition also exists in the output market.
It is difficult to imagine instruction and research among
the departments of a university as having a homogeneous
product. An argument can be made that this condition is not
appropriate since instruction or research in business and
engineering, for example, is a far different product than

that being offered in music or history. However, we must



27
accept these difficulties in the output market in order to
gain the needed efficiency in the model. Thus, we can define
the output shares as being equal to the percentage change in
total cost that occurs with a percentage change in an output

produced or:

aenc _ oc | Vi _ Pi¥i _
9EnY, _ 9Y; T c My (2.19)

where Mi is the share of output i of total cost. This pro-

duces the following three additional equations:

m n

MU = AU + jEleuanj + iilRuiznPl
m n

MG = AG + jEleGQnY. + iﬁlRGiznPi (2.20)
m n

MR = AR + jEleRkan + iilRRilnPi

(where j = U,G,R and i = T,N,A)

These applications of Shephard's lemma and perfect com-
petition produce six equations in addition to the joint cost
function without the addition of any unknown parameters. By
specifying that the seven equations have joint normal addi-
tive disturbances, the method of maximum likelihood can be
used to estimate the unknown parameters. Although the cost
function could be estimated in isolation from the cost share
equations, it is clearly more efficient to estimate the para-
meters with the six share équations included in the system.

Actually, only four equations can be used in the regression
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model since one equation of both the output and input shares

is linearly dependent on the other two.

The Joint Product Cost Function --
First- and Second-Order Conditions

As previously stated, the translog is a second-order
approximation to a general functional form. It is necessary
for this approximation to meet several regularity conditions
for us to maintain the belief that it is a reasonable
representation of the true (and unknown) cost function of a
university's academic labor services. First, each fitted
input share and output share must be greater than zero and
less than one at every data point. A model that predicts
inputs (and outputs) that contribute negatively or greater
than 100 percent to total cost (total revenue) is without
meaning. Second, it is nécessary for a function to have a
strictly convex input structure as stated in the Duality
Theorem above. Following the procedure employed by Grant
(1979), from Allen (1938), we can test the convexity condi-
tions by computing determinants of the bordered Hessian

matrix.

O [ 3 . H- . . . H
1 n
. . Hij .
H = H, H, : (2.21)
. H. . . )
1]
—Hn . . . . 3 . . Hnn_-J




where Hi = M,, Hii = Oii' and Hij = oij

It then remains to demonstrate that the determinants of this
matrix are negative semi-definite at each data point. The
translog specification of the partial A-UES has no a priori
constraints. Rather, the elasticities are allowed to vary
with the share equations. 1In the instances where these
first- and second-order conditions are met, the relevant
elasticities will be assumed to reflect accurately the

structure of the academic labor costs in higher education.

The Joint Product Cost Function -- The Constraints

This section is designed to identify the specific form
of the joint product cost function including the constraints
of: i) homogeneity of output prices, ii) separability,

iii) constant returns to scale, iv) homogeneity and separa-
bility, and v) the Cobb-Douglas form.

Separability between the inputs and outputs implies
that the transformation function can be written with an
aggregator function to represent output as a single variable.

It is assumed the transformation function can be written as:

f(YU,YG,YR) = g(LT,LN,LA) (2.22)

The dual cost function to (2.22) above would be:

c = k(h*(YU’YG'YR)"g*(PT'PN'PA)) (2.23)

The restrictiveness of separability illustrated by (2.23)
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implies that the relative marginal costs for any two outputs
are independent of input prices (Brown, 1979). Thus, the
existence of separable input and output functions states that
the specific mix of outputs produced is not affected by the
mix of inputs used and vice versa. (Despite this restrictive-
ness, the separable form of the transformation function was
commonly accepted in empirical studies as recently as
Hasenkamp's (1976) treatise.) The test of the separability
of the outputs can be incorporated into the model with the
addition of the constraint that the ratio of marginal costs
of any two outputs will not be affected by a change in the
price of any factor input. For the translog form this
implies that:

m n m n

8[(Ai + .E Di.RnY. + -Z RijlnPi)/Ak + .Z D .lan + IR

.4nP.)1
j=1 37 ) =1 j=1 X3 j=1 K11

k

alan

0 (2.24)

This rather complicated partial derivative is equivalent to
setting the Rij = 0 for all i's and j's in the cost function.
Since there are m(n-1l) free Rjj' equation (2.24) places six
additional restrictions on the previously unrestricted model.3
Another important step in this analysis is to test

whether, given a fixed percentage increase in all of the out-

puts, total costs rise by that percentage. This constraint

3 Except for linear homogeneity of input prices.
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is known as the homogeneity of outputs. We can incorporate
it into the model with the following equalities:

m m
LD =0 and IR =0 (2.25)

i=1 13 i=1 13
where i = U, G, and R; k = U, G, and R; and j = T, N, and A.
These conditions have the effect of isolating the impact of
all increases on total cost to be solely determined by
coefficients on the first-order parameters, namely AU' A,
AR. This assumption will place five additional restrictions

on the unrestricted model. Only two of the conditions in

m n

z Ri' = 0 are independent since I Rij = 0 has already been
=1 i=1

J
imposed by the assumption of linear homogeneity in factor

prices (Brown et al., 1979). 1In addition, by further assum-

m
ing the I Aj = 1, the cost function can be tested for con-
j=1

stant returns to scale.

The last constraint useful in this analysis is equivalent
to transforming the generalized translog function into a
Cobb-Douglas multiple output cost function. Conveniently,
the translog cost function reduces to a Cobb-Douglas cost
function by setting all second-order parameters equal to

zero., Stated algebraically:

Dij = 0, Gij = 0, and Rij = 0 for all i and j. (2.26)

These constraints cause the cost function to be reduced to

only six non-zero terms, which are the intercept, the three
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output terms, and the two input price terms. (The third

input price was previously dropped with the homogeneity of

n
prices constraint which forced the I B, = 1). It is thus an
i=1

even more restrictive case than the combined constraints of
output homogeneity and separability.

In summary, there are five constraints that can be
imposed on the unrestricted model. First, homogeneity in
the outputs assumes total cost will change by the same percen-
tage as the outputs. Second, separability assumes the
general transformation function can be written with an
aggregator function for the outputs and inputs separately.
Third, homogeneity and separability can be imposed together.
Fourth, the model can be constrained to include constant
returns to scale. Fifth, the model can be constrained to

represent a Cobb-Douglas multiple output function.

The Joint Product Cost Function -- The Elasticities of
Substitution, Demand, and Marginal Cost

The usefulness of determining the Allen (1938)-Uzawa
(1962) partial elasticities of substitution (A-UES) is that
they summarize the ease with which one input can be substi-
tuted for another without changing any of the outputs or
input prices. 1In other words, the elasticity of substitution
determines the proportion of quantities of one input that
can be traded for another by movement along the isoquant.

A large elasticity of substitution indicates that one input

can be easily substituted for another while an elasticity
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that is close to zero implies that the two inputs are very
poor substitutes. Negative elasticities of substitution
imply the inputs are complements.

Uzawa (1962) provides the complete derivation of the
Allen partial elasticities of substitution adapted to cost
function estimation. Briefly, the general form of the
elasticity of substitution (o) becomes:

C-C,.
1

= J
oij Cicj (2.27)

where C is the cost function, Ci and Cj representing partial
derivative with respect to Pi and Pj respectively, and Cij is
a second partial derivative for i # j.

The A-UES have been adapted to the translog cost
function by many economists such as Christensen and Greene
(1976) , Berndt and Wood (1975) and (1979), Humphrey and
Moroney (1975), Anderson (1979), and Griffin (1977). The

form of the elasticities are:

.. + S,S
0., = —d 1]
ij Sisj
(2.28)
5 _ Gii + Si(Si - 1)
ii S 2
i

where S, and S. are the factor shares and G,. and G,. are the

i j ij ii
coefficients of the cross products of the factors. Obviously,
from this definition, symmetry must exist between the

elasticities, o0,. =

i3 oji’ These definitions do not change

for the multiple output case but, due to the content of share
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equations, the elasticities are expanded so that each oij
is a function not only of the level of each input price but
also the level of each output. In Chapter IV, we provide
estimates evaluated at the mean of the actual shares of the
six elasticities of substitution.

Another statistic important in an analysis of the
structure of production is the input demand elasticity.
This permits consideration of how the quantity of one factor
demanded will change with respect to a change in its price
or that of another factor. Cross-price elasticities and

own-price elasticities are respectively:

E.. = S.0..
1) J 1]
(2.29)

E. (O,
1 1 11

I}
wn
Q

It can be seen that, since Eij is a function of only the
factor share of the jth factor, then Eij # Eji'

The joint cost function in an analysis of production
can be used to study substitution elasticities among the
outputs. The calculations are identical although the defini-
tions are the inverse of those applied to the inputs. This
is due to the independent variables of the cost function
consisting of exogenous output quantities and input prices.
It is for this reason that the inverse of the elasticity of
substitution for the outputs is defined as the percentage
change in the output price ratio occurring from a percentage
change in the ratio of the output quantities produced. Thus

the inverse elasticities of substitution of the outputs are
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defined as:

D.. + M.M.
m,, = —=1 1 )
ij MMy
(2.30)
and n _ Dii + Mi(Mi-l)
ii Mi2

It should, therefore, be remembered that a high value for
“ij would indicate that a small change in outputs would cause
a large change in output prices, or that the outputs are not
easily substitutable.

The T4 can be used to determine the marginal cost

elasticities and the inverse of the cross price elasticities

for the outputs. These elasticities are defined as:

alnPi
Biy T 3TN0, = My
(2.31)
aznpi
and B;, = 3InQ; Mimii

As with the inputs, all output elasticities will also be

evaluated at their means.

Conclusion

It is possible to estimate the parameters of both models
through the use of ordinary least squares regression. How-
ever, there are several desirable properties of regression
analysis that cannot be sacrificed in the interests of simpli-

city. The most important of these is the ability to measure
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the applicability of the previously mentioned restrictions
on the models.

The statistical technique implemented is the Iterated
Zellner Efficient Estimation (IZEF) method. Kmenta and
Gilbert (1968) have demonstrated that the parameters
estimated through IZEF are identical to those that would be
produced through a maximum likelihood procedure for all
samples. Ruble (1969) proved the computational equivalence
of the two methods. The equivalence of the methods is
important since the IZEF will produce the estimates, but the
methodology for testing the applicability of the additional

constraints is based on maximum likelihood estimation.



CHAPTER III1

MODEL SPECIFICATION AND DATA

Introduction

Although the study of the structure and organization
of resources in higher education may appear to be a fruitful
area for quantitative research, very little empirical analy-
sis has taken place. To be sure, the discipline of higher
education administration has produced multitudinous publica-
tions in this field. However, these studies have been very
limited in their approach. Typically, they attempt to deal
only with measuring the concepts of préductivity and effi-
ciency. O'Neill (1976), Wallhaus (1975), McGuckin and
Winkler (1979), and James (1978) are representative examples
of this vast body of literature. 1In most cases, the studies
define productivity along the lines of some measure of unit
cost such as dollars of expenditures per student credit hour
produced or the student faculty ratio for specific depart-
ments or the university as a whole. These measures of unit
cost are then compared to the unit costs of other univer-
sities which serve as a scale of performance to determine
productivity.

There is one study by Verry and Layard (1975) that
deserves special consideration because it is the only study

37
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that estimates cost functions for university research and
teaching. Their approach differs from that presented here
in three major aspects. First, they attempt to estimate a
total cost function for a group of British universities in
total rather than across instructional departments. Second,
they are not concerned with the substitutability among the
types of academic labor services. (Teachers' salaries are
included only as one component of total cost.) Third,
research is incorporated into their model as an independent
variable and is computed as teachers' time devoted to
research rather than an actual measure of output such as
journal articles produced. Thus research, an output, is
treated as if it were a labor input.

The problems associated with applying economic theory
to higher education are best explained in the following

statement by James (1978).

"Ideally, in examining questions of produc-
tivity and technology, we would like some index
of the learning and increased earning potential
imparted by different instructional modes, but
these data are generally not available. The pre-
valence of nonprice rationing, the lack of con-
sumer information, and the possibility of
externalities mean that market price cannot be
taken as an indicator of marginal social value in
higher education. A mechanism for separating the
contribution of student time and characteristics
and interactions from other inputs has not yet
been devised. Teaching quality might, in prin-
ciple, be approximated by comparing 'before and
after' test scores, but these have not been widely
adopted. As a result, teaching output has been
measured simply in terms of student credit hours
or degree candidates of various sorts, abstract-
ing from the quality dimension, by most of the
studies referred to in this paper.

"The situation is even worse with respect to
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basic university research which, typically, is

not sold on the market at all. Not only are we

lacking a subjective quality index, we do not

even have a crude quantity index, such as num-

bers of articles and books, for most disciplines

and years. Therefore, quantification of re-

search productivity has rarely been attempted,

and most studies simply look at the input side

of the picture."

We must agree that many of the problems are, indeed, formid-
able. The lack of a well-defined marketplace where price

and quantity are uniquely determined for every instructional
department and every output is not easily solved. However,
the use of student credit hours (SCH) as a measure of
instructional output remains as the only quantitative measure
of a department's teaching load.

The issue of quality can, at best, be minimized by
assuming that all of the instructional departments within a
university attempt to maintain a level of quality in instruc-
tion research that is consistent within the reputation of the
university as a whole. Naturally, there are departments
that can be considered to be out-lyers to the university's
overall reputation. However, without a marketplace to
differentiate the departments' outputs, any decisions
regarding quality becomes arbitrary. The problem with
reporting research output has been solved (although the
quality issue is still present). Michigan State University
does have fairly accurate records of all journal articles
and book publications by the faculty. There is a problem

specifying this output because a research article or book is

credited to a department only for the year of publication
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and not the year the research was actually performed. We
have addressed this issue by assuming that a department will
record its publications in the calendar year following an
academic year. For example, the publications for the
calendar year, 1978, were assigned to the academic year,
1977-78.

Among the additional difficulties that have faced
researchers of the structure of higher education has been the
lack of accurate employment records. It has not been until
recently that universities have kept faculty records on a
full-time equivalency basis. Previously, records on
temporary and part-time faculty were recorded only on a
headcount basis. Since the percentage distribution of full-
time and part-time faculty is not identical across all
departments of a university, erroneous results would be
produced. At Michigan State University, complete full-time
equivalent information for all faculty members exists for
only two years =-- 1977-78, and 1978-79. Although data exist
for the other variables in prior years, it is of little use
without accurate full-time equivalencies.

Additionally, the data for both years include only those
departments that produced all three outputs. A department
reporting a zero for any one output has been dropped from
the sample. This is because all outputs (and inputs) are
in logarithmic form. Beyond the teaching of students and
research, faculty are also expected to participate in public

service. Those departments that are considered to have
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public service as a major output have also been excluded
from the sample data.

Appendix A is a listing of which departments are included
in the data along with a brief explanation for excluding
specific departments. The departments that have been included
were chosen to represent a group as similar as possible with
respect to both their efficiency and the quality of the out-
puts. The data are a two-year cross section of sixty-one
instructional departments at Michigan State University for
the academic years 1977-78, and 1978-79. It would have been
preferable to estimate the model over a much longer period
of time, say, five to ten years. However, as stated above,
the data were simply not available. The source of all data
used is the Office of Institutional Research, Michigan State

University.

Defining and Measuring the Outputs

The definition and measurement of a unit of output in
higher education is a controversial issue. Agreement does
not even exist on the precise function of education. Does
education produce more qualified individuals or is it nothing
more than a screening process? The first function implies
that through education an individual's skills are changed,
while the second function implies that schools do nothing
more than identify the most able individuals in the society.
The latter has been the subject of both theoretical treatment

(Spence, 1973) and empirical treatment (Taubman and Wales,



42
1973 and 1974). The differences between the two social
functions of education should, theoretically, affect the
specification of quality within a model.

Besides not knowing exactly how education should be
measured, there is the additional problem of measuring the
quality of education. One approach is to measure some change
that has occurred in students due to their exposure to the
faculty and graduate assistants. This is feasible for
instruction, since students could be tested at the end of
each term, but it would be impossible to measure the change
in total human knowledge based on a single piece of research.
Another approach would be to create some arbitrary index of
performance to specify the differences in quality, much as
one would "grade" the quality of meat or the horsepower of
an engine. It is conceivable that an index could be created
for research articles; however, any index that would be used
would be costly to compile or extremely artibrary (such as
asking department chairpersons to judge the quality of their
faculty's research). It would also be possible theoretically
to index the quality of instruction based on the earnings of
graduates. However, this is not possible since it would be
difficult to determine which portion of a graduate's salary
could be attributed to the specific departments within the
university (O'Neill, 1976).

Thus, although we can understand the problems of measure-
ment, we cannot entirely solve them in this study. The out-

puts of each instructional department are defined as



43
undergraduate student credit hours (YU), graduate student
credit hours (YG), and research (YR), (discussed below).
Nerlove (1972) describes these as being the relevant outputs
produced by the higher education sector. This study will
differ from the concepts established by Nerlove in two major
aspects. The first is that he classifies research into one
of two categories -- basic and applied -- and, further, that
graduate education and basic research are perfect compli-
ments. Since the data used in this study do not draw any
distinction between basic and applied research, these points
cannot be considered.

The undergraduate and graduate student credit hours are
three-term academic year totals on a course level basis rather
than a student level basis. In other words, if a graduate
student majoring in chemical engineering were to take an
undergraduate class in economics, his student credit hours
would be reported by the Department of Economics in under-
graduate student credit hours. The graduate student credit
hours include, besides classroom instruction, all doctoral
dissertation research credits assigned to that department.
Research is defined for the purposes of this study as only
the publication of refereed journal articles and books
(all other types of publications being ignored). Setting
the relative value of one book equivalent to four journal
articles and three co-authored books is, admittedly,
arbitrary. This ratio represents nothing more than the

average of the ratios used by many other authors (Hugine,
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1978) . Folger and Bayer (1966) describe the use of one
weighting method of publications over another by stating,
"none of the researchers had an objective or empirical basis
for their choice of weights and several admit to subjectivity
of the weighting system employed.”
The means and variances for each output variable over

both years are:

) variance *
mean variance mean
Undergraduate SCH (YU)
per department 9585 798 8%
Graduate SCH (YG)
per department 1631 1554 95%
Research units (YR)
per department 33 37 112%

Comparing the means and variances above, we find that
research has greatest variance relative to its mean (112%).
This is followed by graduate SCH (95%) and undergraduate SCH
a distant third (8%). Although these large variances are
understandable and to be expected, a serious difficulty
arises in interpreting the results. The conclusions drawn
from the analysis of the production process of higher educa-
tion is based on various elasticities evaluated at the means
of the variables. The statistical technique used to estimate
the model's coefficients provides a confidence interval over
the entire range of the data. As we move away from the mean

we find that the interval increases in width which implies
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less accuracy in predicting total cost. Therefore, the
model's estimates will become more unreliable the farther a
particular department's outputs are from the mean of that out-
put.

Obviously, from a statistical perspective, it is
desirable to have variables with sizable variance; however,
it does tend to weaken the analysis based on the means. It
shall be left to future studies with more refined data to
estimate the substitutions of the inputs evaluated away from

the mean.

Defining and Measuring the Inputs and Cost of Inputs

For the purpose of estimating substitution among the
professional labor services of a university, it is necessary
to identify and measure these labor inputs on a full-time
equivalency basis. This method assumes one full-time equiva-
lent appointment to be forty-hours per week from September 15th
to June 15th, without adjustment for vacations or sick leave.
In a technical sense, it would be more appropriate to use an
annual salary equivalent to an hourly wage rate multiplied
by hours actually worked. This would provide a closer
relationship between the wages paid for work actually per-
formed and the amount of output produced from that work.
However, as described by Blackburn (1974) the collecting of
data on the quantity of each labor input used in the produc-
tion process would be extremely difficult and almost

certainly meaningless. There exists a basic inability to
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distinguish between leisure activities and professional
development. If an historian is reading a biography, he is
engaged in both leisure and academic pursuits. When a
sociologist scans a newspaper, he is inevitably applying
what he reads to either his classroom discussions or his
scholarly investigations. Free time and work time are often
hard to distinguish in the academic professions. It is for
this reason that nine-month academic year salaries are used
as proxies for a specific price paid for a unit of work.

The faculty salaries reported are assigned to each
department on the basis of where the credit hours were pro-
duced rather than the administrative department of faculty
members. For example, if a professor of economics were to
teach a class in the Department of Labor and Industrial
Relations, the professor's salary would be assigned to Labor
and Industrial Relations rather than Economics. This cross-
ing over between departments does not exist for graduate
assistants; therefore, their salaries are assigned to their
administrative unit of record. This permits a matched assoc-
iation of student credit hours produced with the faculty
member's salary. However, the research publications of the
faculty are assigned to only the department paying the
largest proportion of faculty member's salary. The method
of reporting research by Michigan State University does not
permit prorating research across several departments.

Again, we mention that the category of non-tenured

faculty includes the tenure stream and temporary faculty.
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The tenure stream faculty are hired with the understanding
that if they make reasonable progress in their profession,
they will be granted tenure at some date in the future,
usually six years, at Michigan State University. The tempo-
rary faculty are hired only to fill temporary shortages in
teaching positions and are assumea not to contribute to the
research output of the instructional department. Combining
these two types of labor services into one input becomes
an important consideration when the policy implications are
stated in Chapter VI.

Graduate assistants are not appointed on a ten-month
basis at Michigan State University but, rather, on a three-
terms-per-year basis. The salaries recorded for graduate
assistants, therefore, represent the sum of the three terms
adjusted to a forty-hours-per-week full-time equivalency
basis.

As stated above, two years of data are included in the
sample. The 1977-78 year's data has been increased by seven
percent to reflect the average increase in faculty salaries
between the years 1977-78 and 1978-~79. Individuals receiving
salary increases greater or less than seven percent are
assumed to have some change in their productivity reflected
in this difference.

The means and variances of the inputs and related data

are:
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. variance *

mean variance mean
Total cost $674,260 $482,110 71%
Tenured Faculty Cost 407,200 305,457 75%
Non-Tenured Faculty Cost 140,703 115,743 82%
Graduate Assistant Cost 126,356 137,013 108%
Price-Tenured Faculty (PT) 26,331 2,462 9%
Price-Non-Tenured Faculty (PN) 16,613 2,382 14%
Price-Graduate Assistants (PA) 9,585 798 8%

We find in these statistics very little that is unexpected;
however, there are two points worth noting. Graduate
assistants' salaries have the smallest variance as a percen-
tage of the mean. This is understandable when we consider
that their salaries constitute both compensation for services
and a stipend to maintain enrollment in a graduate program.
Thus, with all graduate students having the same tuition and
fee structure, we would expect this portion of their salaries
to be the same across all departments. Another reason for
the small.variance is that departments have less flexibility
and smaller salary ranges for graduate assistants than for
the faculty. If there is anything surprising about the above
average salaries, it is that the variance of non-tenured
faculty salaries is not larger. However, this can be
explained by remembering that this is not a variance of all
non-tenured faculty salaries but only the variance of average
non-tenured faculty salaries across departments. It is not

for this study to explain the variations in salaries of
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individuals. This is left for the numerous studies currently
available. It is only important here to note the differences

across departments.



CHAPTER IV

MODEL ESTIMATION

Introduction

This chapter presents the results of both the Direct De-
mand Analysis and the Joint Cost Function Analysis in estimating
the demand for the inputs to higher education. The results
that will be discussed are: 1) the factor demand elasticities
for both models, 2) the elasticity of supply for both models,

3) the applicability of model restrictions, such as homo-
geneity, constant return to scale, symmetry, separability, and
the Cobb-Douglas restrictions, 4) the "goodness of fit" of the
estimated joint cost function, and 5) the Allen-Uzawa elasti-
cities of substitution for the inputs and outputs (derived

only from the joint cost function model).

Direct Demand Constraints

The model was estimated for each year of data with five
sets of restrictions imposed. 1In each case, IZEF estimation

was performed with every variable regressed in logarithmic form.l

The computer programming used the Time Series Processor
(TSP) Version 2.8 statistical package and was run on the CDC
750 computer at Michigan State University.

50
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Table 4.1 shows the applicable Chi-Square test results for
the various restrictions.

The 1977-78 data reflect both homogeneity of input
prices and homogeneity with symmetry of the cross price elas-
ticities, while the 1978-79 data can be appropriately
specified with only the symmetry constraint.

Comparing the data for both years provides some indica-
tion of why the estimates in the direct demand analysis and
the joint product cost function (to be discussed later) are
so different across the two years (see Appendix B). The
cause of the difference is the variable for research (YR) and
this appears to be the major cause of the different results.
There is very little difference in the factor prices after
the 1977-78 has been adjusted for inflation at a rate of 7
percent. The reporting of student credit hours for under-
graduate and graduate instruction are not much different
between the years with only minor exceptions such as Bio-
physics, Crop and Soil Sciences, and Packaging. Research,
on the other hand, is considerably different for many
departments between the two years. The Department of
Psychology, for example, dropped in publications from 126 in
1977-78, to 65 in 1978-79, while the Department of Crop and
Soil Sciences increased its research output from 42 to 159.
If we group the departments with the greatest reported
changes together, we find they are concentrated in the
Colleges of Agriculture and Natural Resources, Arts and

Letters, and, to a lesser extent, Natural Science. One



Table 4.1: Direct demand analysis:

restrictions.

1977-78 Data

Homogeneity
Symmetry
Homogeneity and Symmetry

Constant Returns to Scale

1978-79 Data

Homogeneity
Symmetry
Homogeneity and Symmetry

Constant Returns to Scale

52

Chi-Square test of

Restrictions Chi-Square
(Degrees of Freedom) Test
3 5.0
3 18.0*
6 10.8
6 80.4*
3 13.2*
3 6.6
6 22,6*
6 88.0*

* Significantly different from zero at a =

.01.
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possible explanation could be that the research occurring in
the Colleges of Natural Science and Agriculture and Natural
Resources is more directed toward scientific experimentation
which requires long periods of testing and data collection in
laboratories. Thus, we reason that this would cause the
research to be highly variable in these colleges. We would
expect these year-to-year differences to be minimal when the
data are aggregated to the departmental level but apparently
they are not. Whatever the actual or assumed cause of the
wide variation in publications from year to year, there is
no doubt that the ability of the model to replicate the
structure of academic labor services would be improved with
better specification of research output. Pooling data over
a period of several years would reduce the model's sensitivity
to research cycles. This cannot be done now because only two

years of data are currently available.

Direct Demand Estimates -- The Inputs

The estimates for the structure of higher education,
although not consistent, can provide valuable insight into
the production process. Rather than discuss the wide range
of results presented by each model, we will concentrate on
the most restrictive case that is applicable to the system,
the 1977-78 data with homogeneity of input prices and
symmetry of cross price elasticities.

Table 4.2 presents the regression estimates and the

applicable constraints. The elasticities of demand for the
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three types of labor services are all negative and sufficiently
large in size so that demand may be described as highly
= -1.28, E

elastic (ET = -1.15, E = =-4.,01). Recall that in

N A
the demand equations the amount demanded for each input was

a function of input prices and the output quantities.
Therefore, a 1 percent increase in tenured faculty salaries,
for example, would cause a 1.15 percent decrease in the number
of tenured faculty employed. The relative sizes of the
estimates indicate that the input with the greatest elasticity
is graduate assistant employment. These individuals have not
had the time or experience in their discipline to establish

a reputation and could be considered to be in a competitive
market with all graduate students for their assistantships.
Tenured faculty, on the other hand, have more years experience,
and have established areas of experitise that makes the

demand for their services far more unique. Thus, we see
nation-wide searches carried out by departments interested in
filling tenured faculty vacancies while the same departments
choose their new graduate assistants from the applications
received annually with very little solicitation. In terms

of economic theory, the tenured faculty have (successfully)
differentiated their product of labor services more effectively
than either the non-tenured faculty or graduate assistants.

The non-tenured faculty have also provided more differentia-
tion of their product than graduate assistants since they

have completed a doctoral program and, in most cases, have

specialized in several areas within their discipline.
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Because of the large standard errors, the cross price
elasticities do not provide estimates from which clear
implications can be drawn. As expected, graduate assistants
are easy substitutes for both the tenured faculty (ETA = 1.94)

and the non-tenured faculty (E = 2,07) because we had

NA
assumed in Chapter I that the substitution would be greater
than complementarity. These results indicate that a 1 per-
cent change in the salaries of either of the two faculty
categories will cause approximately a 2 percent increase in
the number of graduate assistants employed and tell us that
administrators are quite willing to employ graduate assistants
if the salaries of the faculty rise sharply. The explanation
for these results is that the graduate assistants' contribu-
tion to undergraduate instruction rather than research or
graduate instruction cause the substitution with the faculty.
As stated in Chapter I, the apparent reason for these find-
ings is the unsupervised instruction by graduate assistants
and the use of large lectures with one faculty member and
several graduate assistants to replace hiring more faculty
members. Obviously, the same argument applies to the high
cross price elasticity between the non-tenured faculty and
graduate assistants.

The other cross-price elasticity between tenured and

non-tenured faculty (E = =,79) is contrary to what we

TN
expected. We expected that the non-tenured faculty, consist-
ing of both temporary and tenure stream employees, could be

easily substituted for tenured faculty since the
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responsibilities of instruction and research are generally
shared. However, this inconsistency can be explained by
considering the importance of research to the non-tenured
faculty. Most of these individuals are attempting to advance
their careers in their profession (and gain tenure). How-
ever, as we stated in Chapter III, the variable "research
output" does contain some misspecification due to time lags
in reporting publication. Therefore, we find it reasonable
to conclude that the misspecification of research is the
cause for the non-tenured faculty to appear as substitutes
for graduate assistants and complements to the tenured
faculty. There is one possible explanation for the comple-
mentarity between the tenured and non-tenured faculty. It
must be assumed that, with respect to instruction, both
graduate and undergraduate are substitutes and, therefore,
any complementarity that exists must occur within research.
We can argue that the role of the tenured faculty in research
is one of generating their own projects along with providing
assistance to the non-tenured faculty in attaining research
grants and developing proposals for research topic. Thus,
although the tenured faculty may or may not provide much
assistance to the non-tenured faculty, the tenured faculty
may play a very important role in éupporting the non-tenured
faculty research. Although the non-tenured faculty may do
all of the data collection, development of analysis, and
writing the research articles, it is the professional sophis-

tication of the tenured faculty that initially generates the
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design and feasibility of project. It is difficult to
estimate which of the two explanations above contributes
most to the complementarity; however, it does seem that
together they overshadow the effects of substitution related

to instruction.

Direct Demand Estimates -- The Outputs

The direct demand analysis also provides estimates of
the returns to scale appearing in Table 4.3. These results
are much more consistent across all of the model restrictions
and for both years of data than were the estimates of price
elasticities. Returning to the constrained model of homo-
geneity of input prices and symmetry of the cross-price
elasticities, the sum of the output coefficients for tenured
and non-tenured faculty and graduate assistants are .60, .43,
and .91 respectively. Increasing each output simultaneously
by some fixed percentage, say 1 percent, will cause a less
than one percent increase in employment for all three types
of labor services. The largest increase in employment occurs
with the graduate assistants. This can be explained by the
argument that graduate assistants, in general, contribute to
the outputs only as support personnel to the faculty. Thus
as faculty teaching loads increase and the average class
size increases, there would be more graduate assistants
employed and assigned to each faculty member. The output
of the faculty appears greater, implying greater scale

economies while the graduate assistants exhibit far smaller
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scale economies.
Additionally, we should note that in the demand for
graduate assistants the coefficient on graduate instruction
(YG = .18) is more than three times greater than the coeffi-

cient on undergraduate instruction, Y .05, as shown in

™
Table 4.3. It is not reasonable that increasing graduate
instruction would cause an increase in the number of graduate
assistants since we assumed their contribution to graduate
teaching was negligible. It is more likely that the strong
correlation is due to the dual role graduate assistants play
in the production process as inputs and as contributors to
the output of graduate instruction. Increasing the size of a
graduate program would require increasing the number of
assistants available since the assistantships are partially

a stipend to induce students into starting the graduate pro-
gram. Therefore, the larger graduate programs invariably
provide more graduate assistantships. There is another aspect
to the correlation between graduate instruction and graduate
assistants that should be discussed. A department that is
experiencing a sizable increase in the demand for its under-
graduate programs will hire graduate assistants to do the
teaching. Increasing the number of graduate assistantships
will, in turn, increase the size of the graduate program.
Thus, we see an increase in the undergraduate program has

the spill-over effect of increasing the graduate program
simultaneously. Conversely, when undergraduate enrollments

decline, we can expect the graduate programs at colleges and
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universities to also decline. We also see from Table 4.3
that if all of the outputs were to rise by the same propor-
tion, say 10 percent, there would be a greater increase in
the demand for tenured faculty (6.0 percent) than in the
demand for non-tenured faculty (4.3 percent). We could argue
that increasing the outputs would require a greater increase
in the demand for the non-tenured faculty than tenured
faculty because the non-tenured faculty are in their prime
research and publishing years and increased research would
significantly increase the demand for their services. How-
ever, the coefficient on research (YR = ,16) in the non-
tenured faculty demand equation is approximately one-half
that of the corresponding coefficient (YR = ,33) in the
tenured faculty equation. Again, this appears to be another
form of the misspecification of research causing the estimates
related to the non-tenured faculty to be unreasonable.

If we add the coefficients for each output variable
across the three demand equations, we have the following
estimates of the total impact of each output on employment
(using the 1977-78 data and the constraints of homogeneity

and symmetry from Table 4.3).

YU = .32
YG = .45
Yp = 1.17

These statistics imply that, if each output is increased by

the same percentage, total employment will be increased by
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the smallest percentage from undergraduate instruction with
much larger increases from graduate instruction and a still
larger increase in employment from research. These results
reflect the ability of departments to increase instruction
through the use of large lecture halls and televised instruc-
tion. Graduate instruction is found to have roughly the same
effect on the employment of both types of faculty as under-
graduate instruction. This result implies that it is
possible, from the supply side of the output market, to adapt
some of the scale economies such as large lectures and
televised instruction used in undergraduate teaching to
graduate programs. However, it is unlikely that graduate
enrollments (the demand side) are large enough to make this
feasible. The employment diseconomies associated with
research can be explained when we look at 2nY_ in each of

R
the three equations.

Demand Equation anR
Tenured Faculty .33
Non-Tenured Faculty .16
Graduate Assistants .68

From the above table we see the greatest increase in demand
occurs with graduate assistants. It is possible that the
total cost of research can decline as departments shift
their labor resources to research since the cost of an
additional graduate assistant is cheaper than a faculty

member. The graduate assistants then provide their services
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for reviewing the literature, data collection, and any
computer programming that might be necessary. These laborious
and time consuming tasks are no longer the responsibility of
the faculty member, thus making his or her time more valuable

and requiring less of an increase in faculty employment.

Direct Demand Estimates -- The Three Year Rate of Adjustment

It is also important in the study of higher education to
gain some understanding of how departments adjust their in-
puts to some optimal level when there is an exogenous change
in the outputs. The analysis up to this point has assumed
that each department is capable of adjusting its inputs
instantaneously at the beginning of each academic year.
Obviously, this is not possible for most, if any, depart-
ments. For the purposes of further developing this study,
we assume that the departments at Michigan State University
base their employment decisions only on the instruction and
research in the current year and differences between the
amount of current instruction, both undergraduate and graduate,
and level of instruction three years prior. The direct
demand analysis can be adapted to include consideration of
the adjustment process through the addition of two terms in
each regression equation. The theoretical form of these
equations with the constraints of symmetry and homogeneity

(adapted from equation 2.13) are:
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!LnLT = £l+§1£n(PT/PA)+ﬁ2£n(PN/PA)+612nYU+622nYG+632nYR
+Dl(2nYU-2nYU_3)+D2(1nYG-2nYG_3)+§l+é1
RNLg = A,+B,&n(Py/P,)+B,4n (P /P,)+C, RNY +Ceany +CeinY,  (4.1)
+D3(2nYU-lnYU_3)+D4(lnYG-lnYG_3)+§2+é2
JLnLA = £3+67gnYU+682nYG+692nYR+D5(lnYU—lnYU_3)+DG(RnYG-anG_3)
+§3+;3
where ﬁz = —(ﬁl + ﬁz)
Bg = -(B, + Bg)
and By = -(B, + Bg)
and YU_3 and YG-3 are the lagged output variables of under-

graduate and graduate instruction respectively. These regres-
sion equations can be altered slightly to produce a system of

equations that will reduce the number of calculations necessary
in deriving the coefficients. The actual regression equations

are:

~

nL,, = Al+Blln(PT/PA)+822n(PN/PA)+E12nY +E

T U 2ZnYG+C

3lnYR

A

—DlQ,nYU_3-D22nYG_3+El+el

InLy = Ay+B,in(Py/P,) +B,An (P /P,) +E ANY +E,ANY +CanY,  (4.2)
-D32nYU_3-D42nYG_3+§2+;2
InL, = £3+E52nYU+E62nYG+69RnYR-DSQnYU_3-D62nYG_3+§3+é3
where: E; = (61 - D) E, = (64 - D,)
E, = (C, - D,) Eg = (C; - D)
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Ey = (C3 - D3) Eg = (C6 - DG)

The coefficients Dj are defined as the estimates of the
rate of change in the demand for a particular labor input
based on the exogenous change in an instructional output.
For example, if undergraduate instruction were to be 1 per-
cent greater in the academic year 1977-78, than in 1974-75,
the coefficient D1 would estimate the percentage change in
demand for tenured faculty. If Dl were very small in value
and not statistically significant, this may indicate that
the departments can instantaneously adjust the number of
tenured faculty employed. Although this may appear to be a
reasonable conclusion, it is obviously wrong. It is far
more reasonable to believe that, if Dl is insignificant, it
is due to the adjustment in the demand for tenured faculty
being greater (or less) than three years. No one believes
that every department within the university can instantane-
ously adjust any of the three types of academic labor
services. Rather, it is a shortcoming of the model since it
cannot accurately determine.the appropriate time lag required
for adjustment. The coefficients on the current level of
output (Ei) is the sum of both the long-term equilibrium
effects of current changes on the demand for particular
input and the three-year rate of adjustment.

Table 4.4 shows all of the coefficients estimated from
the system of equations in (4.2). Included in this table,

for purposes of comparison, are the estimates of the same

model discussed previously (equation 2.13) with the lagged
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Table 4.4: Direct demand estimates: Model coefficients
with lagged instructional variables, included
and excluded, 1977-78 data with homogeneity and
symmetry constraints (t-test statistics in
parentheses) .

Model Model
Including Excluding
Lagged Variables Lagged Variables

Dependent Variable: Number
of Tenured Faculty Employ-
ed Coefficient on:

A

Price of Tenured Faculty (Bl) -1.13 -1.15
~ (1.97) (1.99)
Price of Non-Tenured (B2) - .76 - .79
Faculty A (1.72) (1.78)
Price of Graduate Assist- (B3) 1.90 1.94
ants (3.44) (5.37)
Undergraduate SCH (El) .14 .16
(1.77) (2.15)
Graduate SCH (Ez) .11 .11
- (1.38) (1.43)
Research (C3) .32 .33
(4.66) (4.84)
Lagged Undergraduate SCH (Dl) - .05 N/A
( .67)
Lagged Graduate SCH (Dz) - .004 N/A
( .04)
Dependent Variable: Number
of Non-Tenured Faculty
Employed Coefficient on:
Price of Tenured Faculty (BZ) - .76 - .79
~ (1.72) (1.78)
Price of Non-Tenured (B4) -1.18 -1.28
Faculty ~ (1.65) (1.83)
Price of Graduate Assist- (BG) 1.94 2.07
ants (2.66) (4.27)
Undergraduate SCH (E3) .07 .11
( .56) ( .93)
Graduate SCH (E4) .18 .16
~ (1.52) (1.38)
Research (C6) .14 .16
(1.37) (1.52)
Lagged Undergraduate SCH (D3) - .10 N/A
( .85)
Lagged Graduate SCH (D4) .07 N/A

( .58)



68
Table 4.4: Continued.
Model Model

Including Excluding
Lagged Variables Lagged Variables

Dependent Variable: Number
of Graduate Assistants
Employed Coefficient on:

Price of Tenured Faculty (B3) 1.90 1.94
~ (3.44) (5.37)

Price of Non-Tenured (B6) 1.94 2.07
Faculty ~ (2.66) (4.27)
Price of Graduate Assist- (B9) -3.85 -4,01
ants (4.01) (5.27)
Undergraduate SCH (ES) .14 .05
(1.37) ( .50)

Graduate SCH (EG) .09 .18
~ ( .83) (1.65)

Research (Cg) .74 .68
(8.42) (7.43)

Lagged Undergraduate SCH (DS) .28 N/A

(2.72)
Lagged Graduate SCH (DG) - .26 N/A

(2.60)
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instructional variables excluded. 1In this table, we see very
little difference in the estimates of the demand for tenured
and non-tenured faculty. The lagged variable terms (YU_3 and
Y,_3) are very small and not significant at the a = .05
level. Only in the demand for graduate assistants equation
are both of the lagged variables on instruction (D5 and DG)
significant.

Overall, the estimates of the direct demand equations,
modified to include estimates of the rate of adjustment,
are quite reasonable because the only significant lagged
variables appear in the demand for graduate assistants
equation. We can assume that adjustment in the demand for
tenured and non-tenured faculty is not three years but
probably a greater period of time. Departments can easily
make changes to the number of graduate assistants employed
since they are only hired on a year to year basis with the
average length of a graduate program being three years.
Many non-tenured faculty are in the tenure stream and are
assumed, for planning purposes, to have continuing employ-
ment which would imply an adjustment longer than three years.
Changes in the demand for the tenured faculty would be
assumed to require the greatest time since normal attrition
and lengthy nation-wide searches are typically necessary for
changes in tenure faculty employment.

Returning to the demand for graduate assistants, the
changes in the non-lagged coefficients are negligible. How-

ever, the estimates of the rate of adjustment do provide
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some unusual results. This would imply that, when the
graduate and undergraduate program is growing over a three-
year period, the demand for graduate assistants would
increase. The reasons for this are obvious. As undergraduate
instruction increases, class sizes would increase and more
graduate assistants would be employed to assist the faculty.
This is consistent with the model's estimates with D5 equal
to .28. We previously discussed a positive correlation
between the size of a graduate program and the number of
graduate assistant appointments; therefore, we would expect
to find an increasing graduate program would increase the
demand for graduate assistants. However, the estimate of
the rate of adjustment in the demand for graduate assistants
from changes in the graduate program is negative (D6 = -,26).
This implies that increasing the size of a graduate program
causes a decline in the demand for graduate assistants.
One possible explanation of why this coefficient should be
negative is that the use of a three-year lagged variable on

graduate instruction is not appropriate.

The Joint Cost Function Equations and Tests of the Constraints

In this approach to modeling the structure of higher
education, we first estimate the underlying cost function
parameters. These, in turn, are used to derive the elasti-
cities of substitution, output supply, and factor demand.
However, before our conclusions can be drawn regarding the

production process, the exact specification of the cost
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function model must first be determined. Recall from Chapter
II that there is a cost function and four possible share
equations that can be included in the regression model. Thus
there are four possible methods for specifying the model.
Each method produces all of the parameter estimates necessary

for analysis. The four methods are:

1. The cost function only;

2. The cost function and two input share equations;

3. The cost function and two input and two output
share equations; and

4. The two input and the two output share equations

only.

The choice of which of the above four is "best" is made from
two requirements: 1) which set of equations maximizes the
likelihood function; and 2) which set of estimates satisfies
the first- and second-order conditions.

Table 4.5 contains the values of the logarithmic likeli-
hood functions for each of the four methods for both 1977-78
and 1978-79. 1In the two years under study, the likelihood
function is maximized when the system of regression equations
consists only of the four share equations (method 4 above).

Next the conditions of monotonicity and convexity must

oC aC

aPi and an

than zero. An equivalent condition is that every Mj and

be checked. Monotonicity exists if are greater

Si is greater than zero and less than one. The convexity

condition, as previously stated, is satisfied if the Hessian
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Table 4.5: Joint cost function: Log of the likelihood
functions.

Regression Model 1977-78 Data 1978-79 Data
Four Share Equations only 218.5% 228.8
Cost Function only .41 7.4

Cost Function
and four Share Equations 138.6 190.9

Cost Function
and two Input Share Equations 98.5 103.4

* Denotes positive shares for both inputs and outputs and
that the second order condition is reasonably satisfied.
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matrix is negative semi-definite. These reqularity condi-
tions were tested for each year and each set of equation
systems. The results were less than encouraging. The
conditions were reasonably met only with the four share
equations (excluding the cost function) and for only the
1977-78 data year. In this set of regression equations the
conditions were tested using both fitted factor shares and
actual factor shares. When fitted input and output shares
were used, the regqularity conditions were satisfied for 50
to 592 departments. The actual input and output shares met
the regularity conditions for 40 out of the 59 departments.
In the other possible systems of regression equations where
the first-order conditions are met, none of the regularity
conditions were met. In the set of equations where the
fitted shares were acceptable, the determinants of the
bordered Hessian matrix were of the wrong sign. The inability
of the model to produce acceptable results was also evident
in the 1978-79 data. None of the four possible systems of
regression equations could produce results that were con-
sistent with the conditions of convexity for a weli-behaved
cost function.

The inadequacy of the data to satisfy the necessary

conditions for analysis is, in general, due to the changing

2 Two additional departments were dropped from the 1977-
78 data due to zeros appearing in their output values. See
Appendix A for a listing of the included departments for each
year's data.
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of sign of several of the many insignificant variables in-
volved in calculations. In Table 4.6, we see the number of
coefficients significant at the a = .05 level ranges from a
low of 8 to a high of 15 out of a possible 29 coefficients.
The instability of the coefficients affects the model in
two ways. First, in the cases where all of the shares are
not in the regression system, it produces fitted shares that
are not acceptable. A model with these results is of little
value since, for example, it is not possible for under-
graduate SCH to contribute to total revenue by more than 100
percent and research cannot contribute to revenue by some
negative amount. Thus without reasonable factor shares, the
estimates of the elasticities are not valid. Second, in
those cases where the fitted shares were acceptable, the
second-order conditions were not met. This was due primarily
to the estimates of the own-elasticities of substitution,

G;; + si(si - 1)

defined as 051 S y) where the Gii were positive

1

although not significantly different from zero. There is
another problem with the model when the 0,3 are estimated to
be positive. Since the demand elasticities, defined as:

alnYi

ii = 3imp, - Si93i (4.3)

are a function of the 04 and the always positive Si' an

estimated value of a 0;; greater than zero will cause a

i

positively sloped demand curve. Obviously, this result is
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not feasible in the context of microeconomic theory since it
implies an increasing marginal rate of factor substitution.
That is, the estimated cost function is not well-behaved.

Fortunately, the conditions of a maximized likelihood
function and satisfactory first- and second-order conditions
are met simultaneously for the year 1977-78. This occurs
when the system of regression equations consists of only the
four share equations. Table 4.6 presents the maximum likeli-
hood estimates of the unrestricted translog joint cost func-
tion and four restricted specifications of homogeneity,
separability, homogeneity and separability, and Cobb-Douglas
form.

Table 4.7 presents the Chi-Square test statistics for
each of the four restrictive cases. As shown by this table,
none of the restrictive forms are applicable, although homo-
geneity of outputs is'barely rejected. The analysis of the
structure of the academic labor services of higher education
will, therefore, be based solely on the 1977-78 data year and
the unrestricted model of four share equations.3 The dis-
cussion of the direct demand analysis involving the consider-
able differences in the report~d research output between the
two years is also applicable to the joint cost function. It
appears, from Appendix B, that the research output share does
not change significantly between the two years; however,

there is a large change in the research publications. This,

Except for linear homogeneity in factor prices.
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again, may be due to the problem of having only two years of
data and the highly variable nature of research projects.

There are two coefficients in the unrestricted model
that cause some concern. The values of AU and AG are less
than zero. This indicates that as undergraduate and graduate
instruction increases, total cost will decline. The sign of
the coefficient on graduate instruction (lnYG = -,019) is of
lesser importance since the t-statistic indicates that this
variable is highly insignificant. However, the coefficient
of 2nYU of -.349 is significant at the o = .05 level. From
a theoretical standpoint, there is no reason why this should
occur. The only rational explanation must come from the fact
that there are 27 independent variables in the system which
burden the model and cause this estimate to occur. With
respect to the first-order input variables, all three
coefficients are positive, and two of the three are signifi-
cant. These results show that the model does reflect
positive marginal costs. The second-order cross product
terms have coefficients that are, at best, obscure in mean-
ing. Therefore, it is preferable to base the analysis on
the elasticities derived from these coefficients. Estimates
of the demand, supply, and substitution elasticities are

evaluated at the mean of observations over all departments

in the sample.
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The Joint Product Cost Function Estimates -- The Inputs

Table 4.8 summarizes the demand, cross-price, and sub-
stitution elasticities for each of the inputs. The elastici-
ties of substitution are all positive and in agreement with
what we expected. The easiest substitution is between
graduate assistants and non-tenured faculty (0NA = ,886).
Next is the substitution elasticity between tenured and non-
tenured faculty, oNT = .87, with the weakest substitution,

o] = .276, occurring, as expected, between tenured faculty

AT
and graduate assistants. The input elasticities of substi-
tution are of special importance because they imply a
structure for the academic labor services that is consistent
with what we had assumed in Chapter I. If we believe these
estimates are reliable, we must be careful in interpreting

the results because several implications are possible.
Graduate assistants, for example, are fairly easily substitut-

able with the non-tenured faculty (o .886). We could,

NA T
incorrectly, interpret this to mean that the non-tenured
faculty must be providing services that are in most respects
similar to those of graduate assistants. Therefore, it can
be concluded that the contribution to research by the non-
tenured faculty must be minimal. However, we believe that
these results may be unreliable because the data do not
accurately specify the research output, which is important
to the tenured and non-tenured faculty. Additionally,

recall that the category of non-tenured faculty was defined

to include temporary and tenure stream faculty members. If
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Table 4.8: Joint cost function: Estimates of elasticities,
1977-78 data.

Part A. Input Elasticities of Substitution
NN = -1.97 oNA = .886
OAA = -2.09 ONT = ,487
Opp = = .260 Oap = .276
Part B. Demand Elasticities
ETT = -.16
ENN = -.44
EAA = ~-,36
Part C. Cross Price Elasticities
ETN = .109 ETA = ,048 ENA = ,155
ENT = .293 EAT = .166 EAN = .198

NOTE: These elasticities are derived from coefficients
estimated from the share equations (2.18 and 2.20).
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the non-tenured faculty were to include only the temporary
faculty, we would believe these results to be more reasonable.
This point can be restated from another perspective when we
look at the substitution possibilities between the tenured

faculty and graduate assistants (o .276) , and between

AT
the tenured and non-tenured faculty (ONT = ,487). As ex-
pected, Oar is very low, which implies that they are not

very good substitutes.

The demand elasticities in Part B, Table 4.8, are consis-
tently negative and all imply highly inelastic demand curves.
These extremely low estimates of elasticity (ETT = -,16,

E = -,44, E = .=-36) are some cause for concern since

NN AA
the difference is caused by the coefficients needed to
estimate the own-elasticity of substitution of the inputs.

The coefficients G are all found to have t-

TT' GNN ! GAA
statistics less than one. It would appear that, given these
results, the inelastic demand for the inputs is due to the
inability of the rather burdened joint cost function to
produce significant coefficients. Nevertheless, the model is
capable of reasonably meeting all of the conditions of a
well-behaved cost function and producing downward sloping
demand curves. The fact that the slope is unusually steep

is unfortunate but not expected. If we were to interpret
these results as if they were statistically reliable, we would

draw conclusions opposite to those from the direct demand

analysis. These results indicate that the departments are
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not concerned with prices paid but only quantities of each
type of labor they need (since the supply curve is assumed
to be perfectly elastic -- it determines factor prices).
Additionally, the inelastic demand curve implies each input
is uniquely differentiated from the other inputs and does
not have a close substitute. This obviously contradicts
the rather high elasticity of substitution estimated for
graduate assistants and the non-tenured faculty.

The cross-price elasticity appearing in Table 4.8 and

equation 2.30 is defined as:

ainyY.
i

As shown by the above definition, the cross-price elasticity
is a function of the elasticity of substitution weighted by
the factor share. Since we know all of the factor shares
are less than one and positive in value, we can see that all
of the information contained in the cross-price elasticity is
also contained in the elasticity of substitution. Therefore,
it would be redundant to discuss the underlying structure
again. However, there are two points that should be noted.
First, because the tenured faculty receive almost 60 percent
of the total costs (see Chapter III), we see that they are
least affected by changes in the prices of the other two
inputs (ETN = .109 and ETA = .048). It is reasonable to

assume that, when the relative prices of the inputs change,

the employment of the tenured faculty will change least.
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Second, since the non-tenured faculty were found to be fairly
easy substitutes for both the tenured faculty and graduate
assistants, the non-tenured would be more susceptible to

changes in employment due to changes in relative prices.

The Joint Cost Function -- The Outputs

The joint translog cost function described in equation
(2.16) does not differentiate between inputs and outputs
within its structure. Thus, it is only a mechanical proce-
dure for adapting the definitions used in determining the
input elasticities to the outputs. Table 4.8 reports each
of the output elasticities as they have been defined in
Chapter II, evaluated at the means of the input variables.

A major difficulty is that of trying to gain a practical
understanding of the inverse of the elasticity of substitu-
tion as it relates to the process of higher education.4
This term is defined as the percentage change that will occur
in relative shadow output prices based on percentage
relative change in the output quantities produced. This
definition implies that a university administrator, dean, or

chairperson adjusts the price of the output to be supplied

4 The inverse elasticity of substitution can be made

more understandable if we divide it into one. This will
change the estimates into the more familiar elasticity of
substitution. We should note that there is no true economic
meaning to these transformed elasticities, since they imply
output prices as exogeneous which, in this case, is not an
assumption of the model.
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based on the quantity required as determined by perfectly
inelastic demand for the output. This simply is not the
case and, in fact, presents a serious problem in attempting
to draw conclusions, especially conclusions about the relative
value of the outputs. This is not to say the inverse
elasticities of substitution are important. Table 4.9 shows
that undergraduate instruction and research are the most
easily substitutable (7 = .188). They are followed by

UR
graduate SCH and research (m = ,696) and least but, never-

GR
theless, still highly substitutable are graduate and under-
graduate SCH (WUG = ,779).

It is somewhat surprising that undergraduate instruction
and research are the easiest substitutes. However, it does
have an understandable interpretation. We would have
assumed graduate and undergraduate instruction to have the
highest estimate of the elasticity of substitution because
the non-tenured and tenured faculty share in the teaching
responsibilities of both levels. This ease of substitution
does not seem to be present in the data because the non- -
tenured faculty were more easily substituted for the graduate
assistants than they were for the tenured faculty. On the
other hand, we can believe that the graduate assistants can
be reassigned quite easily between teaching and research. It
is apparent, therefore, that the cause of the low estimate
of TUR (and strong substitution) is due to the ease with

which graduate assistants can be reassigned. The two remain-

ing elasticities of substitution involving graduate
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Table 4.9: Joint cost function: Estimates of output
elasticities, 1977-78 data.

Part A. Inverse Output Elasticities of Substitution

Ty = .62 Toe = .779
Mo = -2.28 TUR = .188
TeR S .71 TeR = .696
Part B. Marginal Cost Elasticities
Byy = -.257
Bog = -.468
Part C. Inverse Qutput Cross Price Elasticities
Bop = .30 BGU = ,323 Bpy = .078
BRG = .16 BUG = .16 BUR = .071

NOTE: These elasticities are derived from the coefficients
estimated from the share equation (2.18 and 2.20).
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instruction (HGR = ,696 and e = .779) are roughly equivalent.
Their values indicate that graduate instruction is easily
substitutable for either research or undergraduate instruc-
tion. This implies that the tenured and non-tenured faculty
can also be easily reassigned since we have assumed that
graduate assistants do not contribute to graduate instruction
and, therefore, are not included in these estimates.

The estimates of the marginal cost elasticities5 provide
results that do follow closely with what would be expected to
occur in higher education and the results of the direct
demand analysis. The marginal cost elasticities for all three
outputs are negative. These results imply increasing returns
to scale. The greatest economies are related to graduate

instruction (B = -.,47). This would indicate that, by

GG
increasing the quantities of the outputs by some equal per-
centage, the greatest decrease in price will be associated
with graduate SCH. This result is due primarily to the ease
with which both undergraduate instruction and research can
be substituted for graduate instruction. Thus, a slight
increase in quantity will be accompanied by shifting the
faculty away from either research or undergraduate instruc-
tion.

It is somewhat surprising that undergraduate instruction

(BUU = -.26) does not have the greatest returns to scale as

The marginal cost elasticity can also be considered to
be the inverse of the supply elasticity.
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estimated in the direct demand analysis. Comparing the
estimates from the direct demand analysis and the joint cost
function analysis, we find conflicting results. Recall that
in the direct demand analysis undergraduate instruction had
the least effect on employment and greatest returns to scale
while in the joint product cost function, graduate instruc-
tion has the greatest scale economies. If outputs can be
increased with less than proportional increases in total
employment, we can assume that the underlying supply curve
relating price and quantity of the output is downward slop-
ing. The apparent conflict between which type of instruction
has the greatest economies of scale may be explained as a
problem related to the aggregation of the data. In certain
disciplines, such as Economics, Chemistry, or English litera-
ture, there may indeed be large economies of scale in the
introductory classes. However, the data within the model
represent total undergraduate instruction including many
upper level classes that cannot take advantage of televised
instruction or large lecture halls. This is due to a lack
of sufficient demand for the output or the method of instruc-
tion, such as sophisticated laboratory equipment. Thus,
when all of the undergraduate student credit hours are'aggre-
gated at the departmental level, much of the scale economies
within a department's undergraduate program may be lost in
the process. It appears that the conflicting estimates are
due primarily to the statistical methods of estimating the

model rather than something inherent in the structure of
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higher education. Nevertheless, it remains that based on
the estimates of the joint cost function, the greatest
economies of scale are attributed to the graduate instruc-
tion.
Research is also found to have economies of scale

(B = =-,27) to roughly the same degree as undergraduate

RR
instruction. This could be explained as synergistic effect
within the faculty. As the size of the departments increase,
there is also an increase in the professional interaction of
the faculty within a department. The increased interaction
will increase the possibility for individuals with the same
areas of expertise to collaborate. It is from this collabora-
tion that the ideas are developed which ultimately lead to
research projects.

The inverse cross-price elasticities of the outputs
add significantly to the analysis since they are only the
inverse elasticities of substitution weighted by the output

share. The implications have been discussed above and it

would be redundant to state them again.

Conclusions

Based on a synthesis of the estimates derived from the
direct demand analysis and the joint cost function analysis,
the following conclusions will be restated. Obviously, this
is a rather heavy-handed approach, but is necessary to
narrow the focus of discussion from which the policy implica-

tions will be drawn.
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First, the demand function for tenured faculty, non-
tenured faculty, and graduate assistants, are all inelastic
and negatively sloped. Second, there is little or no sub-
stitution between tenured faculty and graduate assistants,
while graduate assistants are easily substitutable with the
non-tenured faculty. Also, the tenured and non-tenured
faculty are only moderately substitutable for each other.
These conclusions are drawn primarily from the joint cost
function analysis with some, but not complete, agreement
with the results of the direct demand analysis.

On the output side, it appears that there is considerable
agreement between both methods. There is strong evidence of
increasing returns to scale. The marginal cost elasticities
of the outputs are slightly negative, which implies a down-
ward sloping, long-run supply curve. This is corroborated by

the output coefficients in the direct demand analysis.



CHAPTER V

MODEL SIMULATIONS

Introduction

We can apply the estimates derived from the two models
to some of the major issues currently facing administrators
in institutions of higher education. The period of the
1980's is expected to be one of substantial change in how
colleges and universities provide services to the society as
a whole and individual students in particular. Among the
issues that will cause serious difficulties to higher educa-
tion are the projected decline in the available pool of
college-age men and women and the continued reduction in the
financial support for higher education by state government.
In 1970, higher education received 17.0 percent of the State
of Michigan's general fund budget. State support has
declined steadily from that time to the point where less
than 14 percent of the State's general fund budget supports
higher education. A continued decline has implications for
future fiscal planning. While the simulations presented in
this chapter cannot eliminate all of the uncertainty of the
future, they might shed some light on an area that has pre-
viously been unexplored.

The conclusions of the following sections are based only
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on the 1977-78 data because the estimated cost function was
well-behaved for only that year. In addition, the estimated
coefficients are evaluated only at the means of the independent
variables. Thus, if a department has unusually low research
output (like Family and Child Sciences, for example) the
analysis will indicate substitutions of the inputs that may
not be applicable,.

It is possible that many institutions of higher educa-
tion will be faced with non-marginal changes that cannot be
estimated within the context of this model. This is because
we have assumed a fixed structure to the production process.
The decline in enrollments could be so significant that some
administrators would be forced to restructure their institu-
tions more than just beyond the slight changes to the level
of employment of the academic labor services as suggested by
the estimates of this model. The restructuring could include
eliminating certain degree programs, consolidating depart-

ments or colleges, or closing the institution entirely.

Declining Undergraduate Enrollments

The most crucial issue of the next decade confronting
higher education is how a university can maintain the quality
of its product during a period of declining enrollments and
revenues. Although measures of quality are not directly
included in this study, a university that cannot adjust its
faculty to meet the needs of the future will find itself more

concerned with survival rather than maintaining quality.
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Naturally, the effects of declining enrollments will not be
equally felt across all colleges and universities. The
forecasted decline can be considered within the context of
this study with two possible policy alternatives available
to administrators. First, there is the possibility of main-
taining salaries and letting the reduction in undergraduate
instruction lead to a reduction in the number of faculty and
graduate assistants employed. Second, there may be a desire
not to decrease employment but to simply produce more of
another output, namely research. Each of these two possibili-
ties can be analyzed within the framework of the direct demand
analysis.1 The predicted changes determined from this model
on employment and research are not meant to be de facto
changes that would occur at all institutions but only provide
some additional information for determining employment policies.

The implications of the first alternative can be found
by simply reading the coefficients on the undergraduate
instruction variable, YU' from each of the three demand
equations (see Table 4.3). Each coefficient tells us the
percentage change employment that would occur from a percen-
tage change in undergraduate instruction. Thus, we find a
10 percent decline in YU will cause: 1) the demand for the
tenured faculty to fall by 1.6 percent, ii) the demand for the

non-tenured faculty to decline by 1.1 percent, and iii) the

1 The constraints of homogeneity and symmetry are imposed
for the year 1977-78 only.
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demand for graduate assistants to decrease by .5%. These
results suggest that graduate assistants would be least
affected by a teaching cutback. We intuitively know just
the opposite would probably occur, in the short run. This
is because less teaching would reduce the size of classes and
the number of sections taught for each course. Almost
certainly, we would find that the number of graduate assistants
needed would rapidly decrease while, at least temporarily,
the demand for the faculty would remain unchanged. However,
from a long run perspective these results are reasonable.
They suggest that the faculty, both tenured and non-tenured,
would have a decline in the demand for their services as
departments reduce their faculty in an attempt to gain
flexibility. They would then permit the number of graduate
assistants to fluctuate only on a short run basis filling
temporary openings.

The second alternative assumes that the demand for each
type of labor service is unchanged and the faculty and
graduate assistants devote more time to research as teaching
loads are reduced due to a lack of students. Although it is
not precisely correct to say that the decline in instruction
caused an increase in research, we can look at the two
relevant coefficients (YU and YR) as offsetting one another
to maintain the level of factor demand. The calculations
necessary can be reduced to a simple ratio of the coefficient
on Y, over the coefficient on Yo to determine the required

percentage increase in research.
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The relevant values from Table 4.3 are:

Ratio
Demand Equation Yy Yr (YU/YR)
Tenured faculty .16 .33 .48
Non-tenured faculty .11 .16 .69
Graduate assistants .05 .68 .07

If undergraduate instruction were to decline 10 percent, a

4.8 percent offsetting increase would be necessary in research
publications for the demand of the tenured faculty to remain
unchanged. The demand for the non-tenured faculty would
remain constant if the department's research were to rise by
6.9 percent, while the demand for graduate assistants would
require only a .7 percent increase in research to offset the
decline in undergraduate instruction. These results indi-
cate that demand can be maintained for all three labor ser-
vices with less than a 10 percent increase in research. As
discussed in Chapter IV, this is due primarily to changes in
research having a significantly greater effect on factor
demand than undergraduate instruction. Thus, we see that a
small percentage increase in research will offset proportion-
ately larger declines in undergraduate instruction. This is
especially true for the demand for graduate assistants when
the increase in research would only need to be .7 percent.
Because the coefficient on Yo in the graduate assistant demand
equation is 6.8, we can conclude from this coefficient that
increasing research output would increase the demand for

graduate assistants by a larger percentage than the increase
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in the demand for either type of faculty. If a department
were to shift its academic labor services to the production
of research, there would need to be a greater number of
graduate assistants assigned to each faculty member than
would be required in the production of instruction. The
graduate assistants would provide the "legwork" of research
such as reviewing the literature or collecting data. It is
for this reason that the decline in undergraduate instruction
can be easily offset by increasing research to maintain the
demand for graduate assistants. The tenured and non-tenured
faculty can then become more productive with the reassigning
of graduate assistants from instruction to research and,
consequently, research must rise by a greater percentage to
maintain the level of their demand.

The above estimates indicate that the tenured faculty would
have the greatest decrease in demand with graduate assistants
having the least. In practice, this would not occur at
least in the short run. Administrators would prefer, instead,
to first eliminate the graduate assistants up to the point
where it becomes detrimental to their graduate programs with
a decline in their undergraduate programs. At that point,
adjustments, either in salary or demand, would next occur
with the non-tenured faculty. The reasons for this are
beyond the ability of the model to take into account such as
preserving the prestige of the university or the political
influence of the tenured faculty in preserving their positions

at the expense of the non-tenured faculty and graduate
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assistants.

Special "Catch-Up" Salary Increases to the Faculty

An issue that is currently confronting many institutions
is that of a university finding that the salaries paid its
faculty are considerably less than faculty salaries at
similar institutions. Michigan State University, for example,
is continually ranked near the bottom of the Big Ten in the
salaries paid to full professors. 1In an attempt to correct
the situation, the university administrators recently
instituted a 2 percent across-the-board salary increase to
faculty members. The raise was not given to graduate assist-
ants. We can ask, "How will raising faculty salaries (PT and
PN) by 2 percent affect the level of demand for all three
types of academic labor services?" The joint product cost
function estimates will again be used because they provide
the more reliable estimates of the cross-price elasticities
(as reported in Table 4.8).

It is a trivial matter to determine the impact of the 2
percent salary increase for the faculty after the price and
cross-price elasticities have been estimated. With respect
to the tenured faculty, we find only a slight decrease in
demand of .32 percent (ETN = -,16) due to increasing their
salary 2 percent along with an offsetting increase in demand
because of the non-tenured faculty also receiving a 2 percent
increase (from the cross-price elasticity (ETN = .,109)). Thus,

the net effect is an extremely small decrease in demand for
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the tenured faculty of .10 percent. These results indicate
that the change in demand for the tenured faculty is negli-
gible which is reasonable since it was not the intention of
the administration to reduce demand (or employment) of the
faculty but only to offer additional compensation to those
currently employed.

The net effect on demand for the non-tenured faculty is
more than twice that of the tenured faculty at .29 percent.
This is caused by a .88 percent decrease in demand due to
the increase in non-tenured faculty salaries (ENN = .44).
This is offset by an increase in demand of .59 percent caused
by the increase in tenured faculty salaries. These results,
although greater than for the tenured faculty, are consistent
with the policy of not significantly affecting demand but
still providing for salary adjustments. The 2 percent in-
crease may not be sufficiently large to restore salary level
to match those of the peer group institutions; however, it
does acknowledge an area of deficiency that the administration
is attempting to correct.

If we look at the demand for graduate assistants, we
see an overall increase of .73 percent. This increase arises
from the substitutability of both types of faculty with
graduate assistants found in our results. The increase in
demand can be divided into two roughly equal shares caused
by the salary increases attributed to the tenured and non-
tenured faculty. Although the substitution of graduate

assistants is greater with the non-tenured faculty than the
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tenured faculty, the tenured faculty share is much larger.
The implications of this are that, although the graduate
assistants are more easily substitutable with the non-
tenured faculty, the demand for their services is much more
sensitive to changes in the salary paid the tenured faculty.
This is because the tenured faculty receive a much greater
share of total cost which causes large changes in the demand
for graduate assistants with only slight changes in the
salaries paid the tenured faculty. Nevertheless, the 2 per-
cent salary increase should be considered to have only a
minimal effect on the demand for graduate assistants.

The major result of this hypothetical exercise is that
the decline in the demand for the non-tenured faculty is
more than twice that of the tenured faculty. These results
can be explained by the somewhat unexpected estimates of
the elasticities of substitution discussed in Chapter 1IV.
Although both types of faculty received the same salary in-
creases, the tenured faculty's contribution to research and
graduate instruction was such that neither the non-tenured
faculty nor graduate assistants could be easily substituted
for them. On the other hand, craduate assistants were
estimated to easily substitute for the non-tenured faculty.
Therefore, it could be concluded, if the salaries of both
types of facuity were to increase by the same amount, the
administration would be more willing to reduce the number of
non-tenured faculty and increase the number of graduate

assistant appointments. Obviously, these results are
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distorted by the misspecification of the research output.

Increasing Research Outputs

It is not difficult to imagine a situation where the
university administration would, in anticipation of declining
enrollments, wish to establish a reputation as a research
oriented institution. This decision to increase the research
productivity of the faculty would help to minimize the
potentially disastrous effect of the reduced number of
students. Increasing the number of research publications
would raise the reputation of the institution and, in turn,
make it more competitive in attracting more research grants
from both private and governmental sources in future years.
This reasoning on the surface, appears to be a viable approach
to the future. However, in order to produce more research,
the academic labor services must be shifted away from under-
graduate and graduate instruction. Thus, the effects of
increasing research will cause the relative value of all three
outputs to change. The relative changes in the values of the
outputs will determine whether the policy of greater research
output will be desirable.

The joint product cost function is the only model that
provides the necessary inverse cross-price elasticities to
analyze the implications of this hypothetical policy. If
we assume a 10 percent increase in research this will lower

the relative value of research by 2.7% (B = 6.267 from

RR

Table 4.9). An increase in the quantity supplied at a lower
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value is due to the increasing returns to scale discussed
in Chapter IV. 1In addition, there will also be an increase
in the value of instruction due to the substitutability of
the outputs. As more labor services are directed toward
producing research, less will be devoted to undergraduate and
graduate instruction. Since both types of instruction were
also estimated to have increasing returns to scale, we would
expect their relative values to rise. In fact, the model
estimates that the value of undergraduate instruction would
rise .71 percent while a much larger increase would occur in
the relative value of graduate instruction at 3.0 percent.

The implication of these results is that graduate
assistants, assigned to support the faculty as graders and
proctors for large classes, would be reassigned to faculty
research projects. This would cause the departments to reduce
their average class size and offer more sections. This
would make the relative value of undergraduate instruction
rise. However, we estimated the rise in graduate instruction
to be more than three times that of undergraduate instruction.
Therefore, the faculty providing graduate instruction would
be reassigned to undergraduate instruction to restore the
lost scale economies. Thus, the relative value of graduate
instruction rises because there are fewer teaching faculty
in graduate instruction. The relative value of research falls
because there are more graduate assistants providing support
such as data collection and reviewing the literature for the

research oriented faculty.
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Although this story is plausible and provides an explana-
tion to the estimates, there are other possibilities that are
just as plausible. The tenured and non-tenured faculty could
be reassigned to research and away from undergraduate instruc-
tion while graduate assistants could be used more in under-
graduate instruction without supervision. This would raise
the price of undergraduate instruction because more sections
with fewer students in each section would be needed which
agrees with our results. With more faculty members devoting
their time to research, there would be a synergistic effect
that would generate more ideas and, hopefully, more publica-
tions while reducing the value of each research unit. The
graduate program would also have a reduction in its teaching
faculty. This would, in many instances, require the closing
of sections and the curtailing of course offerings and, in
turn, raise the relative value of the output. Another
possible method of transferring the labor services from
instruction to research would be to simply move the tenured
and non-tenured faculty and graduate assistants in the same
proportion that they exist within the current teaching
structure. For example, if there are four graduate assistants
for every faculty member teaching an undergraduate course,
then reassigning that faculty member to research would also
imply reassigning the four graduate assistants to research
activities. The graduate teaching faculty members that do
not have graduate assistants assigned to them would also be

assigned to research without any corresponding transfer of
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graduate assistants.

Thus, there would be a larger increase

in the price of graduate instruction because every individual

transferred would require increasing substantially the work-

load burden of the remaining graduate teaching faculty.

Undergraduate instruction would

have much less of a price

increase because the workload increase would be spread among

the graduate assistants having to grade more papers or proctor

larger classes.
would be able to enjoy the same
teaching because their graduate
~vide support for their research

Regardless of which method
of research publications of the
that the largest price increase

tion. The increase in relative

The faculty members transferred to research

efficiency they had when
assistants would still pro-
activities.

is used to increase the number
department, we would find
would be for graduate instruc-

value of undergraduate

instruction at .7 percent is negligible.



CHAPTER VI

POLICY IMPLICATIONS AND CONCLUSIONS

Overall Perspective of Analysis

In Chapter I, we stated that this study was motivated
by an impending decline in higher education enrollments.
Therefore, the implications for higher education administra-
tive policy should only be considered within the context of
declining enrollments. The nation's colleges and universities
have shown themselves to be quite capable of administering
increasing enrollments, as seen by the rapid expansion in
higher education in the 1960's, but it is far more difficult
to retrench and cut back inputs than it is to grow.

Before the policy implications of this study can be
developed, a very important distinction must be made. One
of the inputs of the academic labor service was classified as
"non-tenured faculty." This input, in actuality, consists
of two inputs. One group is temporary faculty, or those
individuals who are appointed only on a year-to-year basis,
and the other is those faculty members who are in the
"tenure stream" but who do not yet have continuing tenure.
This distinction between temporary and tenure stream appoint-
ments of the non-tenured faculty is an important option
available to administrators. Thus, in order to relate the
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conclusions of this study to administrative policy, it will
be stated whether a change should occur through changes in
the number of temporary or tenure stream appointments. 1In
addition, there are several institutional constraints that
also affect administrative policy and should be explicitly
stated. One option available to reduce the number of tenured
faculty is through programs and policies affecting the supply
side of the market such as offering sizable cash bonuses
for early retirement. 1In this analysis, we concluded that,
for the most part, policies directed at the demand for tenured
faculty would have little effect on substantially reducing
employment. This is because of the inelastic demand for the
tenured faculty in the joint product cost function. Thus,
normal attrition will be the only factor causing the number
of tenured faculty to decline.

It can be imagined that an administrator, faced with
projection of a sharp downturn in enrollment, might take a
very conservative approach in setting employment policies
for the faculty and graduate assistants. As stated in Chapter
I, it was previously assumed without the benefit of the
conclusions of this study that the tenured and non-tenured
faculty would be easy substitutes. In addition, we assumed
that graduate assistants were substitutes with both types of
faculty. Given these assumptions, an administrator would
want to minimize his future employment and financial obliga-
tions and keep as much budget flexibility as possible. This

reasoning would lead him to conclude the best policy would be
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one of replacing all tenured faculty positions with temporary
faculty or graduate assistants. Thus, when a faculty member
retires or resigns, his or her replacement would be hired on
a temporary year-to-year basis as either a non-tenured
faculty member or graduate assistant.

Based on the results presented in this study, this would
not be the most productive cost-minimizing policy to follow.
First, we showed that graduate assistants are easy substitutes
with the non-tenured faculty and weak substitutes with the
tenured faculty. Also, the non-tenured faculty and tenured
faculty were found to be substitutes but much less than was
expected. These results (ignoring misspecification of the
variables) imply that the tenured faculty cannot be easily
replaced by the temporary faculty on a one-for-one basis
without affecting the ability of the departments to produce
their outputs. Instead, it would be better to maintain the
number of faculty positions and reduce the number of non-
tenured faculty. The decline in non-tenured employment
could then be offset by increasing the number of graduate
assistantships. The concern for maintaining flexible budget-
ary obligations would be substantially reduced because of the
ease with which departments could make adjustments to the
number of graduate assistants they have employed. It may
be necessary, if student enrollments decline drastically, to
reduce employment in all three types of labor services. How-
ever, based on the estimates of this study, the non-tenured

faculty should have the greatest percentage decrease in
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employment.

The reasons for maintaining the tenured and tenure stream
faculty while decreasing the temporary faculty are quite
plausible despite the misspecification of the model variables.
Recall that there were increasing returns to scale for all
outputs with research being an easy substitute with graduate
and undergraduate instruction. In addition, it is assumed
that most of the research is produced by the tenured or
tenure stream faculty with the temporary faculty mostly in-
volved in undergraduate instruction. If undergraduate enroll-
ments are reduced by, say, 15 percent then total employment
of the academic labor services devoted to undergraduate
instruction must be reduced by more than 15 percent. The
tenured and tenure stream faculty could be easily shifted
away from instruction and into research. The temporary
faculty would be reduced with graduate assistants providing
the necessary support to fill temporary shortages that would
then consist of mostly those individuals who are in the
tenure stream. This policy would not affect the ability of
the university to attract quality individuals since being
hired would, to some degree, be an offer of tenure at some
time in the future.

There is an additional advantage to this general employ-
ment policy that deserves special consideration. The continued
support of graduate assistantships will benefit the department
by maintaining the graduate instruction program. From the

direct demand analysis, we stated there was a strong
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correlation between the size of the graduate program and the
number of graduate assistants employed. By reducing the size
of the temporary faculty and replacing them with graduate
assistants, the department will also be supporting its
graduate program and maintaining the teaching loads of the
graduate teaching faculty. If the departments were forced to
eliminate graduate assistant appointments this would cer-
tainly cause graduate enrollments to decline which, in turn,
would reduce the demand for the services of the tenured and
tenure stream faculty. It is this correlation of the number
of graduate assistants employed affecting the level of demand
for the other labor services through generating student

credit hours.

Future Research

There are four areas in this study that would add con-
siderably to our understanding of the academic labor markets
of higher education. As stated in Chapter III, very little
research has been done in this area and the list below is
not intended to be all-inclusive. It is, however, necessary
to focus upon those areas of this study where the underlying
assumptions, although necessary, may not be applicable.

First, it would be useful to gain an understanding of
the process of how instructional departments adjust their
mix of labor services to reach their optimal level. This
study assumed that all departments were operating at their

most efficient level through their ability to adjust all
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inputs instantaneously. Some study was done with the direct
demand analysis model using only a three year lag period.
However, this was inadequate to fully explain the process of
the changing demand for tenured and non-tenured faculty
caused by exogenous changes in the level of the outputs.
Knowing the rate at which departments adjust their labor
services would be a valuable tool in setting policy. Depart-
ments that are experiencing large changes in enrollments would
then have guidelines to follow in making the transition to a
new level of output demand.

The second area of further study should involve question-
ing whether the instructional departments actually do operate
at their optimal level. This would require designing a
methodology that determines the true production possibilities
frontier and tests whether a unit is operating at that level.
The study of optimality also would involve defining the
appropriate general functional form of production. The
translog cost function was adapted to meet the purposes of
this study. This is not the only possible production function
that can be applied to joint product processes. Further
investigation could involve use of other general functions
that might be more appropriate than the translog.

Third, a major obstacle to drawing meaningful conclusions
from the estimates of the elasticities was the misspecifica-
tion of the research output. Since this is the first study
to treat research publication as an output, it does add to

better identifying the process of higher education but must
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be improved to be useful. The highly cyclical nature of
research and the long time periods involved from beginning to
end were not adequately dealt with by using only two years
of data. Using more years pooled across all departments
might improve the model's ability to estimate a well-behaved
cost function (if, in fact, a well-behaved cost function
exists). It may be appropriate to include other types of
professional accomplishments within the variable research.
Rather than just refereed journal articles and books,
delivered paper or non-refereed articles could also be in-
cluded since they do represent an investment of time on the
part of‘the faculty.

Fourth, we believe some of the estimates of the input
elasticities of substitution were affected by defining the
non-tenured faculty to include tenure stream and temporary
faculty. It would be useful to know if the model presented
here would provide different estimates if the three types of
academic labor services were defined as i) tenured and tenure
stream faculty, ii) temporary faculty, and iii) graduate
assistants. It is possible that the estimated cost function
may be well-behaved and meet the first- and second-order
conditions satisfactorily when the inputs are defined in
this form.

This study was designed for the purpose of identifying
the substitutions of academic labor services within the con-
text of a general joint product cost function. It has ful-

filled that goal although it appears to have raised more
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questions regarding the structure of higher education than
it answered. Nevertheless, it does provide an initial under-
standing of how faculty and graduate assistants combine to

produce the outputs of instruction and research.
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APPENDIX A

LIST OF DEPARTMENTS INCLUDED AND DELETED FROM THE DATA

Agriculture and Natural Resources

Arts

Agricultural Economics
Agricultural Engineering
Animal Husbandry

Crop and Soil Science
Dairy Science

Fisheries & Wildlife
Forestry

Horticulture

Packaging

Poultry Sciences

Parks & Recreation Resources
Resource Development

and Letters

English Language Center

Art

English

German & Russian Languages

Linguistics, Oriental and African
Languages

Romance Languages

History

Music

Philosophy

Religious Studies

Theatre

Business

Accounting & Financial Administration

Business Law and Office Administration

Economics

Hotel Management

Management

Marketing and Transportation
Administration
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1977-78 1978-79
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
D b 4
C C
X X
X X
X X
X x'
C C
X X
C C
C C
X X
X X
X X
X X
X X
X X
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1977-78 1978-79

Communication Arts & Sciences

Advertising X X
Audiology & Speech Science X X
Communication X X
Journalism X X
Telecommunication X X
Education
Administration & Higher Education A A
Counseling & Personnel Services A A
Elementary & Special Education A A
Secondary Education A A
Student Teaching A A
Health and Physical Recreation A A
Engineering
Chemical Engineering X X
Civil & Sanitary Engineering bl4 X
Electrical Engineering and Systems
Science X X
Computer Science X X
Mechanical Engineering X X
Metallurgy, Mechanical and Materials
Science X X
Human Ecology
Human Nutrition & Foods X X
Family and Child Science X X
Family Ecology X X
Human Environment and Design X X
Natural Science
Astronomy X D
Biochemistry X X
Biophysics X X
Botany and Plant Pathology X X
Chemistry X X
Entomology X X
Geology X X
Mathematics X X
Microbiology and Public Health C C
Nursing C C
Physiology C C
Physics X X
Statistics X X
Z2oology X X
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1977-78 1978-79

Social Science

Labor and Industrial Relations B B
Anthropology X X
Geography X X
Criminal Justice X X
Political Science X X
Psychology X X
Social Work X X
Sociology X X
Urban Planning & Landscape Archi-
tecture X X
University College
American Thought and Language D D
Humanities D D
Natural Science D D
Social Science D D
Justin Morrill D D
James Madison p'e X
Lyman Briggs D X
Urban Development
Racial and Ethnic Studies D D
Urban and Metropolitan Studies X X
Human Medicine C C
Osteopathic Medicine C C
Veterinary Medicine C C

KEY:

Department included in the sample.

Non-traditional departments; data cannot be assigned
to department directly.

Public service is major output.

Clinical departments where research cannot be
defined in terms of books and journal articles.

One output or input is zero.

O Qw X
nn nn
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