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ABSTRACT 

The purpose of this study was to estimate the marginal costs of 

instruction in several types of public colleges and universities in the 

United States. If marginal costs vary with enrollment size or differ 

from average costs, then inadvertent changes in the financial status of 

those institutions are likely to accompany changes in their enrollments, 

granted current funding patterns. 

Long-run total cost functions were developed within a microeco-

nomic framework. The unit of analysis was the institution. A variety 

of additive and multiplicative functions were tested, as no particular 

functional form was assumed to be correct a priori. The dependent 

variable was instructional expenditures; the primary independent vari

ables included lower, upper, and graduate division enrollments, while 

control variables included average faculty salary, a state price index, 

sponsored research expenditures per faculty, dummy variables for 

whether the institution is in a formula-funding state and whether it is a 

traditionally black institution, and a program vector consisting of the 

proportion of degrees earned in a representative set of curricular 

areas. The primary data source was the 1977-78 Higher Education 

General Information Survey published by the National Center for Higher 

Education Statistics. The cost functions were estimated using ordinary 

least-squares regression. Four types of institutions offering primarily 

a baccalaureate or higher degree and three types of two-year 

institutions were analyzed. 

x 



xi a 

The estimated marginal cost curves were interpreted as reflect

ing average institutional efficiency. Cost behavior differed considerably 

by type of institution and by student level with respect to the esti

mated marginal costs at mean enrollment and the variability of estimated 

marginal costs across the range of observed enrollments, i.e., the 

shape of the marginal cost curves. Overall, the results of the study 

support the concern that current funding patterns for public higher 

education, with their reliance on average costs, may yield other than 

intended results when enrollments change substantially; but this im

plied incongruence varied by institutional type and by student level 

within institutional types. 



CHAPTER 1 

INTRODUCTION 

Cost analysis in higher education has been carried on since at 

least the turn of the century (Cavanaugh, 1969, p. 1), yet many would 

say that the need for understanding cost behavior in higher education 

has never been greater than it is today. There are several reasons for 

this sense of urgency, including rampant inflation, a continuing demand 

for greater accountability, increasing competition for public dollars, 

and, above all, the threat of a severe decline in enrollment during the 

1980s. 

In the view of many analysts, the harmful effects of an enroll

ment decline on public higher education are likely to be inadvertently 

compounded by the enrollment-driven funding formulas that are now 

used in most states. Unless these formulas are changed, it is held, 

they will lead to decreases in state appropriations that will exceed the 

actual savings in instructional costs that result from lower enrollment 

( A l l e n  a n d  T o p p i n g ,  1 9 7 9 ,  p .  2 ) .  

Problem 

How are changes in instructional costs on a per student basis 

related to changes in enrollments at public colleges and universities in 

the United States? 

1 
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Background 

By 1976, almost every state was using some kind of quantitative 

approach to link the funding of higher education to enrollment levels 

(Allen and Topping, 1979, p. 1). Most of those quantitative links, or 

"formulas," are based largely on average costs per student. As enroll

ment incr eased in the 1960s and 1970s, many institutions were provided 

with excess funds because the funding formulas failed to recognize that 

"the cost of adding students in existing programs did not rise propor

tionately with increases in enrollment (Allen and Topping, 1979, p. 2). 

When enrollments decline in the mid and late 1980s, as surely will be 

the case in some institutions in some sections of the country, the proc

ess may be reversed with the same formulas now working to the disad

vantage of many institutions. Cost savings resulting from the decline 

in enrollment are likely to be less per student than the average income 

obtained from the funding formulas. It seems logical that current levels 

of quality, access, and program availability will be difficult to maintain. 

Public higher education may be weakened, then, not by design, but by 

the happenstance of relying on particular funding formulas. 

An obvious potential solution to the problem of maintaining a 

given level of funding in a dynamic environment is to use formulas that 

recognize the actual change in total cost that accompanies a change of a 

unit of enrollment, i.e., the marginal cost of enrollment. Unfortun

ately, marginal costs are not easy to establish in higher education, so 

much so that empirical estimates of them are generally not available. 

Indeed, even the general relationship between marginal and average 
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costs implied above is more a matter of conventional wisdom than of 

empirical determination. 

Purpose 

The purpose of this study is to estimate the marginal cost of 

instruction with respect to enrollment for public colleges and univer

sities in the United States. 

Primary Research Objectives 

Higher education is characterized by diversity in the levels of 

students who enroll and in the institutions they attend. Some of that 

diversity is reflected in the research objectives that follow. (The in

stitutional typology used in the objectives was developed by the 

National Center for Higher Education Management Systems.) 

1. To estimate the marginal cost of instruction with respect to full-

time equivalent (FTE) lower division, upper division, and graduate 

enrollment in each of the following types of public institutions: 

doctoral-research, doctoral-nonresearch, comprehensive, and general 

baccalaureate. 

2. To estimate the marginal cost of instruction with respect to 

FTE, full-time, and part-time enrollment in each of the following types 

of public two-year institutions: vocational-technical, comprehensive, 

and academic. 

3. To determine whether, and to what extent, marginal costs differ 

from average costs for each level and type of enrollment at each type of 

institution mentioned in the first two objectives. 
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Definition of Terms 

Full-time equivalent enrollment (FTE): The number of full-time 

s tudents plus one-third of the number of classified part-time students 

plus the number of credits earned by unclassified students divided by 

15 for undergraduates and 10.5 for graduate students. Numbers of 

s t udents and numbers of credits are as reported by the institutions in 

the study. 

Total cost of instruction: Total reported expenditures for 

instruction. 

Average cost of instruction: The total cost of instruction 

divided by the total full-time equivalent enrollment. 

Marginal cost of instruction: The change in the total cost of 

instruction that accompanies the last unit of enrollment. 

Joint products: Two or more products that are produced by 

the same production process. 

Joint supply: A condition which may be said to exist when two 

products can be produced more cheaply together than separately. 

Assumptions 

1. The costs of instruction in higher education are the proper 

concern of citizens inside and outside the higher education community. 

2. Marginal costs are an appropriate and important measure of in

structional costs in higher education. 
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3. Expenditure, enrollment, and other data reported by institu

tions of higher education are free of systematic bias. 

4. In the future, many states will use funding formulas that are 

based at least in part on enrollments in higher education. 

Conceptual Framework 

The conceptual framework used in this study consists of the set 

of cost functions that have been developed within the context of the mi-

croeconomic theory of the firm. Three cost functions are of particular 

relevance: total cost, average total cost, and marginal cost. 

The total cost of a production process can be written as: 

n 
C = 2 p.x. (1) 

i=l 1 1 

where p. is the price and x. is the quantity of the ith input. The 

total cost of a production process can also be written as: 

C  =  C ( q , p )  ( 2 )  

where q is a vector of output quantities and p is a vector of input (or 
n 

factor) prices. When C(q,p) minimizes Z p.x. subject to the produc-
i=l 1 1 

tion frontier F(q,x) = 0, where x is a vector of input quantities cor

responding to p, then Equation (2) is a cost function within the 

framework of economic theory. The production frontier, more commonly 

known as the production function, specifies the maximum output 

obtainable from every possible input combination. The cost function 

relates the production function and input prices in such a way as to 
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specify the minimum cost for a given level of output. In other words, 

cost minimization and an explicit mathematical relationship with the 

production function are part of the very definition of the term "cost 

function." 

The average total cost function is found by dividing each term 

in the total cost function by the output level. The marginal cost func

tion is found by taking the first derivative of the total cost function 

with respect to output. Economists often assume that average cost and 

marginal cost are second-degree curves which first decline and then in

crease as output is expanded (Henderson and Quandt, 1971). 

The total cost function can be extended so that Equation (1) 

may be written as: 

C  =  C ( q , p ; t )  ( 3 )  

which solves 

subject to 

F ( q , x ; t )  =  0  

where t is a vector that summarizes technological conditions important to 

the production process (Spady, 1979). Equation (3) will be the general 

form of the total cost function developed for this study. 

The total cost function so described is "dual" to the production 

function, which is to say that the two functions are different but 

mix Z p.x. 

i=l 
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equivalent ways of looking at a given phenomenon. As a rule, estimat

ing the cost function is preferable when output is exogenous, whereas 

the production function should be estimated when output is endogenous 

(Nerlove, 1963). Estimating the former is often more convenient in 

terms of available data (Walters, 1963). 

The cost function, or cost curve, is a relatively old, even clas

sical, concept in economics (McFadden, 1978). Most earlier studies of 

economies of scale, for example, were based on the estimation of cost 

functions (Griliches and Ringstad, 1971). Samuelson (1947) provided 

an early discussion of the cost function and its properties, and Shepard 

(1953) developed "duality" theory. Nerlove (1963) was apparently the 

first to show how duality concepts could be put to practical use in 

econometrics. New functional forms such as the translog cost function 

developed by Christensen, Jorgenson, and Lau (1973) continue to 

appear in the literature. 

Cost function theory, then, has been developed over some time. 

Furthermore, as will be demonstrated in the literature review, estimat

ing cost functions has become an established part of applied economics. 

Yet there are problems—or gray areas, at least—in the empirical appli

cation of cost function theory. Two basic issues, especially from the 

perspective of the research objectives of the study, will be noted 

briefly at this time and then developed more fully in later sections. 

The first difficulty stems from the fact that the form of the 

production function is seldom known a priori (Lave and Lave, 1970). 

As a result, instead of being able to derive a cost function mathemat

ically from an explicit production function, the cost analyst has little 
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choice but to rely, to some extent, on statistical curve-fitting techni

ques in attempting to find an appropriate functional form (Cohn, 1979). 

The proper specification of the cost function is not trivial, as marginal 

cost estimates in particular are very sensitive to functional form (Lave 

and Lave, 1970). 

The assumption that firms minimize their costs is another source 

of potential difficulty. The assumption must be plausible if the esti

mated cost function is to be given a technical rather than a merely 

behavioral interpretation (Pauly, 1978). To put it another way, the 

assumption is the basis for viewing the firms under investigation as 

being "bound" to the cost curve by the technical aspects of their pro

duction activities. In instances where the least-cost assumption is 

questionable, considerable care and circumspection are called for in 

explaining the results obtained from estimating a cost function. A 

wide-ranging literature review will be helpful in ascertaining the manner 

in which the assumptions and prescribed techniques of the conceptual 

framework are typically handled in empirical analysis. 

Summary 

The dynamic character of enrollment in U.S. higher education 

suggests a need for a better understanding of the marginal costs of 

instruction. The need is underscored by the existence in many states 

of enrollment-driven funding formulas. In periods of enrollment de

cline, these formulas, as currently construed, may lead to unintended 

financial difficulties for some higher education institutions. 
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Marginal costs are to be estimated for several levels of instruc

tion at various types of public colleges and universities. Cost function 

theory from microeconomics provides the conceptual framework for the 

estimation procedure. The framework is a conventional one, but its use 

in some empirical settings may not be straightforward, in which case 

the marginal cost estimates must be interpreted with caution. 



CHAPTER 2 

REVIEW OF LITERATURE 

Examples of marginal cost studies in higher education are few. 

In addition, as noted at the close of the previous chapter, there is 

reason to look at estimates of cost functions in other sections of the 

economy. Accordingly, the literature review for this study will proceed 

as follows. The review will be directed initially toward an overview, 

including examples, of statistical cost studies in business and industry, 

in the nonprofit health-care field, and in primary and secondary educa

tion. These studies will make available examples of the cost functions, 

types of analysis, and assumptions appropriate to marginal costing. 

They will also be useful for documenting, as a point of comparison, 

estimates of the empirical relationship between costs and outputs in 

sectors other than higher education. The last section of the review 

contains an overview of cost analysis in higher education, followed by a 

discussion of the empirical studies in higher education that include mar

ginal cost estimates. Along with indicating the nature of previous 

methodologies and findings, the last section will help provide a basis 

for a subsequent consideration in Chapter 3 of the problems involved in 

estimating marginal costs in higher education. 

Throughout the literature review, particular attention will be 

given to two basic aspects of the microeconomic model, namely, the 

least-cost assumption and the prescribed mathematical relationship 

10 
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between cost and production functions. By observing how these mat

ters were handled in the various studies, some insight may be gained 

as to whether higher education does, in fact, present unique problems 

for estimating marginal costs. 

Business and Industry 

Economists have conducted a great many studies to estimate cost 

functions, or cost curves, in various businesses and industries. Mans

field ( 1979) provides a partial, but representative, list of about 40 

major studies, some of which deal with a number of industries. Manu

facturing, mining, retailing, distribution, transportation, utilities, and 

service industries have been analyzed. 

The record with respect to the microeconomic model is mixed. 

According to Uzawa ( 1964, p. 216), it is "customary" in econometric 

studies of production structure to begin by specifying a general, well

understood type of production function. Typically, a cost curve is 

then derived and used to estimate the parameters. In other words, in 

Uzawa's view it is customary to employ the full microeconomic model. 

Nerlove ' s ( 1963) study of the electric power industry is a frequently 

cited exampled of that procedure, as is the seminal study by Arrow et 

al. ( 1961). On the other hand, in many cost studies in this sector, a 

production function is not even mentioned, much less used, as a basis 

for deriving a cost function. This is true, for example, in Dean's 

(1976) series of studies of manufacturing and retail firms and 

Bengston's (1965) analysis of the banking industry. In his textbook on 

statistical cost analysis, Johnston ( 1960) demonstrated the derivation of 
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a (short-run) cost function from an explicit production function, but he 

apparently did not use derived cost functions in the empirical studies 

on which he reported, nor is there much evidence of specific production 

functions at work in the 31 studies he reviewed. 

Cost minimization does not appear to be of much concern in cost 

studies of nonregulated industries. Presumably, it is being taken for 

granted. As the following examples will show, however, there is a 

body of literature suggesting that businesses and industries do not 

typically minimize costs (or maximize profits). Simon (1957) emphasized 

the "slack" in the operations of the typical firm. Cyert and March 

(1963) suggested that firms are more likely to "satisfice" than to maxi

mize, having found instances where costs were allowed to rise when 

profits were high. Salter (1960) documented how slowly some firms 

adopt new, more efficient methods. Johnston (1963) documented how 

firms often revert back to inefficient methods after temporarily raising 

their productivity through the use of management consultants. On the 

basis of this sort of evidence, Leibenstein (1966) concluded that many, 

if not most, businesses and industries are not cost minimizers. 

Cost studies of regulated industries are more likely to include 

mention of the least-cost assumption, with some division of opinion on 

the issue. For example, in reviewing cost studies in the electric power 

industry, Galatin (1968) found it convenient to divide studies such as 

those of Nerlove (1963) and Lomax (1952) into those that did and those 

that did not assume cost minimization. 

Numerous types of cost functions have been used to estimate 

marginal costs in business and industry. Table 1 provides a 



Table 1. Cost Functions for Business and Industry 

Cost Function Type Industry Reference 

a TC = b 
o 

+ 
blY linear steel manufacturing 

;a TC = b 
o 

+ b x Y  +  b 2 Y 2  quadratic electric power 

a TC = b 
o 

+ b j Y  +  b 2 Y 2  +  b g Y 3  cubic retailing 

b TC = b 
o 

+ b x ( l / Y )  +  b 2 ( l / D )  reciprocal railroads 

bl b2V 
TVC = AY e 

6 log E = bQ + bt logN + BX 

multiplicative electric power 

double log banking 

InC = bQ + by lnY + ^YYy(lnY)2 

+ Eb.lnP. + ^EEy.. InP.lnP. 
1  i  . l i  l  i  i] J J 

+ Zyv.lnY InP. ' Yi i translog electric power 

Yntema (1940) 

Nordin (1947) 

Dean (1976) 

Sidhu, Charney, 
et al. (1977) 

Johnson (1960) 

Bengston (1965) 

Christensen & 
Greene (1976) 

a. TC = total cost; Y = ouput. 

b. D = Density of traffic. 

c. TVC = total variable cost; A = scalar; V = thermal efficiency. 

d. E = annual deficit expenses; N = number of accounts; X = a vector of other variables 
affecting costs such as average balance of all accounts or service charges on accounts. 

e. C = Total cost; P = price of input. 
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representative sample of such functions. Walters ( 1963) in his review 

of cost functions indicated that the quadratic form (Equation 2, Table 

1) was used most often. More recently, Griffin ( 1979) has commented 

on the widespread use of the translog cost function (Equation 7, Table 

1) . The latter is attractive because of its generality. It places no a 

priori restriction on the substitution elasticities of the factors of pro

duction, and it allows scale economies to vary with the level of output 

(Christensen and Greene, 1976). 

Granted substantial differences between the various cost studies 

in terms of quality, content, and coverage, the results do seem to con

verge with respect to two major issues. The most frequently found 

p attern is one of constant marginal cost and declining average cost in 

the short run (Johnston, 1960; Walters, 1963) and an L-shaped 

long-run average cost curve (Johnston, 1960; Mansfield, 1979). The 

issue with respect to long-run average costs is not whether they 

decline as scale increases for small firms but whether they eventually 

rise as large firms continue to expand. Such an eventual upturn has 

some theoretical support, although less so than for similar behavior in 

the short run (Walters, 1963). Referring to long-run average cost, M. 

Feldstein ( 1967, p. 58) spoke of "overwhelming evidence" that costs do 

not increase with size. He cited as evidence numerous studies relating 

to gas supply, electricity supply, road transport, rail transport, and 

retail distribution. Using a production function approach, Griliches and 

Ringstad (1971) found that the returns of production increased at a de

creasing rate in 23 of 27 separate industries in Norway, a behavior that 
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implies that the long-run average cost curve in those 23 industries was 

not rising due to increases in scale. 

It may be inferred from the preponderance of L-shaped long-

run average cost curves that the long-run marginal cost curve must be 

rather flat over a considerable range of output in many industries. 

This is the most pertinent finding from the business and industrial sec

tor, because it is long-run marginal costs that are estimated in this 

study. 

Hospitals 

Although microeconomic theory was developed with the competi

tive, profit-seeking firm in mind, the theory is thought to be relevant 

to the economic behavior of the nonprofit organization as well. A vari

ety of empirical investigation shows that estimating cost curves in the 

nonprofit sector is fundamentally the same sort of task as it is in the 

profit sector. Nonprofit hospitals make up a particularly interesting 

portion of the former because their multiproduct, nonprofit, service-

oriented environments resemble those of colleges and universities. The 

review begins as before by looking at the practical applicability of the 

microeconomic model. 

M. Feldstein's (1967) study of the cost-output structure of hos

pitals is cited by Mansfield (1979) as an excellent example of how micro-

economic concepts can be useful in analyzing nonprofit organizations. 

Although Feldstein estimated both cost and production functions, the 

functions are not mathematically related as they are in the microeco

nomic model, nor does he assume cost minimization. Pauly (1978) 
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constructed a production function in the process of estimating a cost 

function for hospitals but then went on to say that the cost minimization 

assumption, which would permit interpreting the cost function as the 

dual of the production function, is questionable, especially for nonprofit 

hospitals. Pauly (1978, p. 79) concluded that "it is probably better to 

interpret the [cost] function as a behavioral relationship rather than a 

technical one." Newhouse (1970) argued that the goal of a nonprofit 

hospital is not to minimize costs but to maximize some combination of 

quality and quantity. Lave and Lave (1970) developed cost functions 

without recourse to production functions and did not assume cost mini

mization, although they did incorporate some constraints on hospital 

costs in their estimating equation. P. Feldstein (1979, p. 188) stated 

in a textbook on health-care economics that "observed hospital behavior 

diverges from profit-maximizing behavior with regard to the assumption 

of cost minimization." There is general agreement, then, that the 

microeconomic model and the operation of nonprofit hospitals are not a 

good match; nonetheless cost studies purporting to estimate average 

and marginal costs have been conducted. All that changes, it would 

seem, is the interpretation given to the estimated cost curves. 

Several examples of cost functions used in estimating hospital 

cost functions are shown in Table 2. Of particular interest are the 

casemix vectors used in all the equations shown in the table except 

Equation 5. One way in which colleges and universities could be said 

to produce a multiproduct is by educating students in a variety of pro

grams. The parallel with hospitals that treat patients with a variety of 

illnesses is obvious. The reason why casemix is not included in 



Table 2. Cost Functions for Nonprofit Hospitals 

Cost Function Type Reference 

la E + a + a,N + b.X. 
o 1 ] J 

linear M. Feldstein (1967) 

2a E = a + a,N + a0B + B.X. 
o 1 2 ] ] 

linear M. Feldstein (1967) 

3a E = a + 3hN + a0N2 + a„B + a^B2 + b.X. O X £ o 4 J J quadratic M. Feldstein (1967) 

4b AC = a + a.C. + b.D. 
o 11 ] ] 

linear Lave et al. (1972) 

5C log AC = aQ + a^ + a2log Ut + a3St double log Lave & Lave (1970) 

6d ln(TC/P^) = aQ + a^ln A + a2ln C^ + a^P 

4 translog Pauly (1978) 
+ E ln(P./P^ + Eg.ln Z. (first order) 
i=2 

a. E = total ward costs; N = number patients; B = number beds; X = a vector of casemix 
variables. 

b. AC = average cost per patient; C = a vector of hospital characteristics; D = a vector 
of casemix variables. 

c. U = Utilization rate; t = time period; S = number beds. 

d. TC = total hospital costs; P^ = price of reference input; A = equivalent inpatient ad
missions; C^ = casemix index; P = proportion of discharges for normal delivery; P. = price of 

input i; Z = other hospital and physician staff characteristics. 
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Equation 5 (Table 2) is that Lave and Lave (1970) did a time-series 

analysis in which they explicitly assumed that casemix remained constant 

over time. Also of interest are the inclusion of scale and utilization 

rate variables in two of the estimating equations (Equations 1 and 5, 

Table 2), as the inclusion of these variables can substantially alter 

marginal cost estimates. 

Three results of the hospital studies are pertinent to the re

search objectives of the present study: the influence of the casemix 

variables, the shape of the cost curves, and the relative magnitude of 

marginal costs when compared to average costs. The vector of casemix 

variables in M. Feldstein's (1967) study explained 27.5% of the varia

tion in overall ward costs, whereas in Pauly's (1978) study, the casemix 

vector explained about 21% of the variation in total hospital cost. Case-

mix, then, makes a substantial difference, which suggests that a 

comparable program-mix vector might be a useful addition to a higher 

education cost function. As for the shape of the cost curves, recent 

studies have provided "some evidence that the long-run average cost 

curve is U-shaped, but they have not precluded the possibility that the 

cost curve is actually L-shaped (first declining then constant average 

and marginal costs)" (Sorkin, 1975, p. 85). At least part of the diffi

culty in sorting out the conflicting evidence may be due to differing 

interpretations of the relationship between output and scale, which 

leads to different, rather than similar, hypotheses being tested in the 

several studies (Mann and Yett, 1968). A related conceptual issue can 

also lead to confusion in regard to the magnitude of marginal costs. 

This can be readily seen by comparing the results from M. Feldstein's 



(1967) cost functions shown in Table 2. On the basis of Equation 1 

(Table 2), where scale is free to vary, marginal cost (coefficient a^ 

turns out to be about 87% as large as average costs. On the basis of 

Equation 2 (Table 2), where scale (number of beds) is being held con

stant, marginal cost (coefficient a^) turns out to be only 21% as large 

as average costs (M. Feldstein, 1967, p. 143). The difference in the 

ratios is interesting but not surprising, because two different types of 

marginal costs have been calculated. 

M. Feldstein referred to the estimate (a^) in Equation 1 (Table 

2) as "average incremental cost," while retaining "marginal cost" for the 

estimate (a^ in Equation 2 (Table 2). Another way of making the dis

tinction, it would seem, would be to call the former "long-run marginal 

costs" and the latter "short-run marginal cost." Theoretically, the 

short-run marginal cost curve may lie below the long-run marginal cost 

curve (Henderson and Quandt, 1971, p. 77), as apparently is the case 

with respect to the hospitals in Feldstein's study. Many of the hos

pitals in his study probably had underutilized capacity, which would 

explain why, when scale (number of beds) was held constant, the addi

tion to total cost for an additional patient was small. In any case, the 

focus of the present study is on long-run marginal costs, and the term 

"marginal cost" will always refer to the long-run situation unless other

wise designated. 

To return to the comparison of costs, M. Feldstein's estimate 

that marginal costs were 87% of average costs is a little higher than 

comparable findings in other studies. For example, the data reported 

by Ingbar and Taylor (1968) suggest a ratio of about 80%, whereas 
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Lave, Lave, and Silverman (1972) reported a rate of 70%, calculated at 

mean output levels. 

Primary and Secondary Education 

Cost studies in primary and secondary education are typically 

concerned with economies of scale rather than with marginal costs as 

such. Many of the studies have been prompted by issues related to the 

consolidation of schools and school districts (e.g., Hind, 1977), or, 

less frequently, legal issues related to equitable expenditure patterns 

among school districts (e.g., Michaelson, 1972). 

There have been cost studies in primary and secondary educa

tion such as those by Bieker and Anschel (1973) and Kiesling (1967) 

that have used a production-function orientation. Most investigators, it 

appears, have chosen to estimate cost functions such as those shown in 

Table 3. Rarely are production and cost functions related in the man

ner stipulated in the microeconomic model, and then usually in only a 

general way. For example, Cohn (1968) listed the variables that would 

properly belong in a production function and then used that list to 

generate variables for a cost function; the functional form of the cost 

function, which he estimated, is not, however, derived from an explicit 

production function. The specification of a production function for 

public schools is thought to be quite difficult, in part because of prob

lems in specifying and measuring output. Even if the output problem 

could be settled, the subsequent derivation of a cost function by the 

standard optimization procedure would be questionable in the face of 

serious doubts as to whether schools are operating efficiently (Levin, 



Table 3. Cost Functions for Primary and Secondary Education 

Cost Function Type Reference 

l a  TC = a + a1E + a0E2 + a0E3 + a.S 
O  1  L  o  4  

cubic Mitten (1975) 

2b AC = a + a,In E + a„V + a„D1 + a. 
O l  l  o  1  4  

D2 + a5G partial log Shapiro (1973) 

3C AC = aQ + a^E + a2E2 + a^ + a4T + a5V 

+ agL + 3^3 + agW2 + 3gH quadratic Osburn (1970) 

4d AC = a + atE + a„(CH) + a0U1 + 
o  1  A  o  1  

a4W + a5C2 

+ ag(BV) + a?(BI) + ag(U2) reciprocal Cohn (1968) 

5e AC =  a c  + ajE + a2E» + a3W + a^Cj + a5U3 + a6G2 + a7R quadratic Riew (1966) 

a. TC = total cost; E = enrollment; S = square feet of facility. 

b. AC = average cost per student; N = equalized assessed property value per pupil; D1 
= dummy for northern and southern Alberta; G = percentage rate of growth from previous 
year's enrollment; C^ = curriculum breadth; D2 = dummy for urban areas. 

c. C- = curriculum breadth; T = tax levey; V = assessed valuation per pupil; L = 
median educational level of residents in county; = dummy for geographical location; W = 
average teacher salary; H = percentage of students in high school (relevant data on primary 
and secondary students and costs could not be disaggregated). 

d. CH = college hours of teachers; U.. = assignments per teacher; W = average teacher 
salary; C2 = number of units offered; Bv = building value; BI = bonded indebtedness; U2 = 
class size. 

e. C„ = number of units offered; U„ = average number of classes taught per teacher; 
G„ = percentage changes in enrollment (1957-1960); R = percentage of classrooms built after 
1950. 



1974). In this regard, Cohn and Riew (1974) found only one study, 

that of Katzman (1968), in which an attempt was made to derive least-

cost combinations in education. It should be noted that in their own 

empirical studies Cohn and Riew (1974, p. 413) would have been willing 

to assume cost minimization, but their admitted inability to specify 

"meaningful" production functions precluded the use of the full micro-

economic model. What they did instead was to provide a substitute for 

a "true" economic cost function, i.e., they resorted to estimating what 

Cohn (1979, p. 201) elsewhere called a "pragmatically oriented" or 

"approximate" cost function. Because returns to scale are often the 

primary interest, the estimated cost functions typically include average 

cost as the dependent variable. Unlike most cost functions for business 

and industry, but like most cost functions for hospitals, the functions 

shown in Table 3 contain quite a variety of independent variables, 

reflecting the pragmatic orientation referred to above. The large 

number of variables in the hospital cost functions were necessary 

because of variation among hospitals in services provided or in other 

characteristics. In the case of schools and school districts, most of the 

variables accompanying the enrollment measures reflect variations in the 

funding climate (e.g., indebtedness, tax levy, assessed valuation per 

pupil), in teacher characteristics (e.g., college hours, average 

salaries), in the deployment of teachers (e.g., assignments per 

teacher, class size), or in the extent of the curriculum (e.g., 

curricular breadth, units offered). The inclusion of funding climate 

variables would seem to be a tacit admission that the cost minimization 

assumption is not viable, because the implication is that expenditures 
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per pupil depend, to some extent, at least, on the availability of funds 

rather than on the technical relationships of production. 

In regard to findings, Cohn (1979, p. 202) remarked in a 

recent survey that "the overwhelming conclusion has been that schools 

of larger size can operate at lower per pupil costs, other things equal." 

One interesting exception is a study of Michigan secondary schools 

(Cohn and Hu, 1973), where economies of scale were not found for 

institutions as a whole but were found in various particular programs 

such as mathematics and homemaking within the institutions. 

The evidence is not conclusive regarding the shape of the long

run average cost curves as output reaches higher levels. The quad

ratic form of the average cost function has worked well in a number of 

studies (e.g. , Cohn, 1968; Riew, 1966; Osburn, 1970; Sabulo, 

Egelston , and Halinski, 1979), implying aU-shaped curve (assuming the 

appropriate signs on the coefficients). The reciprocal form, as in 

Equation 4 (Table 3), has also worked well in some instances (e.g., 

Cohn, 1968; Het tich, 1968; Hind, 1977), implying an L-shaped curve. 

Similarly, the semilog form, as in Equation 2 (Table 3), has also been 

effective (e.g., Shapiro, 1973), implying a curve in which average 

costs decline continuously at a declining rate as enrollment increases. 

It would seem reasonable to conclude that over some enrollment range 

near the mean, marginal costs are relatively constant and not very dif

ferent than average costs. Marginal costs at low enrollment levels are 

clearly less than average costs and perhaps declining as well. Once 

again, the behavior of marginal costs at higher enrollment levels 

remains an unsettled issue. 
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Higher Education 

Unit cost studies have a long history in higher education, 

dating as far back as 1894 (Witmer, 1972), but the total number of such 

studies is small (Cavanaugh, 1969). Adams, Hankins, and Schroeder 

(1978) credit Stevens and Elliot (1925) as being the first to note the 

difference between marginal and average costs. The Russell and 

Reeves ( 1935) analysis of unit costs at 44 colleges is a landmark study 

in which some of the fundamental relationships between unit costs and 

size, quality, and program breadth were initially assessed. In contrast 

to Russell and Reeves, who used data aggregated at the institutional 

level, the California and Western Conference Cost and Statistical Study 

(Middlebrook, 1955) is often cited for its detailed analysis at the 

departmental level, focusing on technical relationships in the production 

process at 12 research universities. O'Neill's ( 1971) study of resource 

use in higher education from 1930 to 1967 has also received much atten

tion. Substantial bibliographies along with commentaries on cost analy

sis literature can be found in the studies by Witmer ( 1972), Adams et 

al. (1973), and Cohn (1979). Most recently, Bowen (1980) has 

provided a summary of a number of previous cost studies along with 

new empirical work of his own and a discussion of the findings of both 

in the context of public policy toward financing higher education. 

Among better known unit cost studies since World War II, con

siderable attention has been given to the effects of enrollment size on 

average costs per student. Because those effects are closely associated 

with the behavior of marginal costs, a summary of the findings is in 

order. According to Bowen ( 1980, p. 193), "there can be little doubt 



that potential and substantial economies of scale in higher education 

actually exist." Reicherd (1971) came to the same conclusion a decade 

earlier. But what does the average (variable) cost curve actually look 

like? Figures 1 and 2 were constructed on the basis of tabular data 

presented in Bowen's (1980, p. 181) work, the most recent study to 

address this issue. The data came from a random sample of 268 institu

tions for the year 1976-77. "Educational costs" include outlays for 

instruction and departmental research, student services, student 

financial aid paid from institutional funds, and a prorated portion of 

expenditures for academic support facilities such as libraries, 

computers, administration, and plant operations and maintenance. 

Enrollment was calculated in terms of "student units" by assigning 

weights to full-time equivalent (FTE) students at various levels: lower 

division = 1.0, upper division = 1.5, students in advanced professional 

programs = 2.5, first-year and unclassified students = 2.1, and 

graduate students beyond the first year = 3.0 (Bowen, 1980, p. 266). 

A weighting system was necessary because, as is widely recognized, 

average costs per student differ by level of enrollment. 

As shown in Figures 1 and 2, only private research and 

doctoral-granting universities and public two-year colleges appear to 

behave in something resembling a U-shaped curve. Other recent 

studies such as those by Diekmeyer (1980) and Brinkman (1981) lend 

support to the behavior shown for two-year and research institutions, 

respectively. Earlier studies, a number of which were reviewed by 

Reicherd (1971), indicate that very small institutions, relative to their 

purported mission, tend to have disproportionately high unit costs. 
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Indeed, the Carnegie Commission (1971) argued for minimum levels of 

enrollment based in part on efficiency criteria. However, as Bowen 

(1980, p. 195) pointed out, only a very small percentage of students 

attend very small institutions today; and if, as in the present study, 

only public institutions are included in the analysis, the percentage is 

smaller still. It is quite conceivable, then, that with the possible 

exception of two-year colleges, most public institutions are operating 

within an enrollment range where unit costs are not particularly sensi

tive to size. The research to be reported here will address this ques

tion directly from the perspective of marginal costs. 

A search of the literature on cost studies in higher education 

uncovered 13 cost studies that included marginal cost estimates. All 

have been published since 1969. Marginal costs are a major focus in 10 

of the 13 studies. The extent of unpublished marginal cost estimates 

developed by state higher education coordinating agencies is probably 

not very large according to Allen and Topping (1979). As for institu

tional sources such as offices of institutional research or planning and 

budgeting, Adams et al. (1978, p. 49) reported that the availability of 

marginal cost data dealing with instructional programs is "almost non

existent," based on a recent survey of 305 institutions of various 

types. 

With respect to the microeconomic model, Southwick (1969), 

Jenny and Wynn (1969), Brovender (1974), and Wing and Williams 

(1977) made no mention of the cost minimization assumption. Carlson 

(1972) and Tierney (1980) expressly rejected it, whereas Razin and 

Campbell (1972, p. 312) expressly sidestepped the issue by stating that 



29 

"the behavior of colleges of the University is taken as an institutional 

datum, without broaching the question of whether or not colleges 

'minimize costs.'" Maynard (1971) acknowledged that, by definition, the 

cost functions he estimated are based on the cost minimization assump

tion; however, his extensive efforts to control for possible differences 

in institutional funding environments would seem to be tacit admission 

that he did not accept the assumption in practice. Sengupta (1975) 

endorsed the idea that colleges and universities "satisfice" rather than 

"maximize," but that did not prevent him from developing and applying 

minimization-based techniques. Finally, Verry and Davies (1976) 

assumed cost minimization as the objective of the university departments 

in their study, but they denied that their cost estimates are indicative 

of maximum levels of efficiency. 

Only Southwick (1969), Sengupta (1975), and Verry and Davies 

(1976) estimated production functions. These functions play the major 

analytical role for Southwick, while providing a complementary approach 

to cost functions in the other two studies. Only in Sengupta's report 

are cost functions and production functions mathematically related in the 

theoretically prescribed fashion. 

A selection of the cost functions found in five of the studies is 

shown in Table 4. All equations were estimated by ordinary least 

squares regression. They yield a considerable variety of marginal cost 

curves, especially when the possible signs and magnitudes of the coeffi

cients are taken into account. The distinction between graduate and 

undergraduate students is recognized in all equations except Equation 2 

(Table 4), where graduate students were judged to be too few to 



Table 4. Cost Functions for Higher Education 

Cost Function Type Reference 

la X = a U + a,G + a„R 
O 1 z 

2b TCX = aQ + axE + a2E2 + agE3 

3C logE.jk = aQ + aiD. + a2Dk + aglogSCH^ 

4 TC2 = a + 
o a iU 1 s 

+ a2Gs 

5e TC3 = a D 
o 

+ ajU + a2G 

6e 
TC3 

= a D 
o 

+ axU + a2
u2 

7e 
TC3 

= a D 
o 

+ axU + a2G 

3 

a3G + a4< 
i ii ii 
lJ I _ n 2 -o 2 , _ /~i 2 r> 2 

linear Sengupta (1969) 

cubic Maynard (1971) 

double log Razin & Campbell (1972) 

linear Brovender (1974) 

linear Verry & Davies (1976) 

quadratic Verry & Davies (1976) 

interactive Verry & Davies (1976) 

a. X = FTE number of senior teaching faculty; U = number of full-time plus one-half of part-time 
undergraduates; G = headcount of graduate students; R = expenditures for sponsored research (sample: 
23 universities). 

b. TC^ = total educational general expenditures; E = FTE enrollment (sample: 123 public four-year 
colleges). 

c. E.., = total expenditures at course level i and year j in college k; D. = dummy for course level; 
1]K 1 

= dummy for college; SCH..^ = student credit hours at course level i and year j in college k 

(sample: 6 colleges of a public research university). 

d. TC„ = faculty salaries; U = undergraduate student credit hours; G = graduate student credit 
£i S S 

hours (sample: departments and programs at a private research university). 

e. TCg = total departmental costs; D = number of departments; U = number of undergraduates; G 

= number of graduate students; R = weighted sum of articles and books produced by faculty (sample: 

departmental data across all but four of the universities of Great Britain). 
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matter. The interaction terms in Equation 7 (Table 4) allow for testing 

joint supply effects. The use of variable D (number of departments in 

a subject group) in Equations 5 through 7 (Table 4) permits the estima

tion of departmental set-up costs, with the intercept terms set to zero. 

Neither Sengupt a (1975) nor Maynard (1971), who used institutional

level data, attempted to control for differences in program emphasis, 

whereas Broven.der (1974), Razin and Campbell (1972), and Verry and 

Davies (1976) ran separate regressions for different programs (i.e., 

departments, groups of like departments, etc.). 

Four of the studies report ratios between marginal costs (MC) 

and average costs (AC). The ratio MC I AC measures the elasticity of 

total cost with respect to enrollment. Economies of scale are available 

whenever the ratio is less than one. B rovender ( 197 4) found that the 

ratio MC I AC is smaller for programs in the humanities and natural 

sciences than for programs in the social sciences at the University of 

Pittsburgh. Using Equation 4 (Table 4), he calculated the ratios to be 

0. 492, 0. 526, and 0. 70, respectively, or a mean of 0. 579. On the basis 

of an alternative cost function, in which undergraduate and graduate 

enrollments combined (without weights) prior to estimation, the ratios 

were 0. 658, 0. 658, and 0. 811, respectively, or a mean of 0. 709. Of the 

six types of departments at universities in Great Britian studied by 

Verry and Davies ( 1976), the ratio MC I AC was lowest for mathematics, 

0. 436, and highest for engineering, 0. 665. The ratio for the social 

sciences was 0. 544, slightly below the mean of 0. 575, for the six de

partment types. These results were based on a multiplicative cost 

function (not shown in Table 4) in which a composite enrollment 
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variable was used. To calculate the composite enrollment, 

undergraduate and graduate students were weighted on the basis of 

their respective marginal cost estimates in Equation 5 (Table 4). Razin 

and Campbell ( 1972), using data on undergraduate instruction in a 

cross-sectional study of six colleges at the University of Minnesota, 

found that the MC-AC ratio was 0. 577. There appears to be some 

convergence, then, in these results, which suggests that marginal costs 

tend to be 55% to 65% of average costs. Tierney (1980), however, 

found much lower ratios in a study of departmental costs at private 

liberal arts colleges. The average ratio across nine departments was 

0. 38. Shymoniak and Mcintyre ( 1980), on the other hand, found a 

much h igher ratio, 0. 90, in a study of community college districts in 

California . 

Verry and Davies ( 1976) reported wide differences when com

paring marginal costs between departments. They used a number of 

estimating equations, with somewhat varying results. In general, engi

neering had the highest marginal costs at the undergraduate level, and 

the physical sciences were highest at the graduate level. The arts and 

social sciences were consistently low at both graduate and undergradu

ate levels, whereas marginal costs in mathematics were very low for 

undergraduates but in the middle range for graduate students. Differ

ences in marginal costs between high- and low-cost departments at both 

the undergraduate and graduate level were on the order of slightly 

under 4 to 1. The differences reported by Razin and Campbell ( 1972) 

were smaller. Estimated only for undergraduate enrollments, the 

highest marginal costs were recorded by the College of Agriculture. 
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They were about 2.25 times as large as the lowest costs, which 

belonged to the Colleges of Liberal Arts and Business Administration. 

The most surprising result, compared to that of the Verry and Davies 

(1976) study, was that the Institute of Technology had relatively low 

marginal costs, about half as large as those in the College of Agricul

ture. Brovender's (1974) data are more highly aggregated, so it might 

be expected that the differences he reported would be less. This turns 

out to be the case, as the highest marginal costs, which were in the 

social sciences, were only 1.55 times as large as the lowest marginal 

costs, which were in the humanities. It is interesting that the social 

sciences were found to have somewhat higher marginal costs than the 

natural sciences. The latter did have slightly higher average costs. 

In Tierney's (1980) study, marginal costs across nine departments 

differed by as much as 3.23 to 1. While the evidence is somewhat con

flicting on the details, the four studies demonstrate that marginal costs 

differ substantially with respect to curriculum content. Carlson (1972), 

in analyzing the behavior of the "most efficient" institutions within 

various institutional categories, also reported that marginal costs differ 

by program. 

The average costs of graduate education are thought to differ 

substantially from those of undergraduate education. Estimates range 

from 2 or 3 to 1 (Bowen, 1980) to as high as 5 or 6 to 1 (James, 

1978), comparing graduate to lower division average costs. Similar 

ratios for marginal costs might be expected. The lowest ratio reported 

by Verry and Davies (1976) was in engineering where marginal costs 

for graduate students were 2.4 times as large as the marginal costs for 
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undergraduates (using mean values across six estimating equations). 

The highest ratio reported, 9. 3 to 1, was in mathematics. Additional 

evidence on this matter is sparse. In a cross-sectional study of public 

research universities, Wing and Williams ( 1977) reported that "marginal 

costs" for graduate students are only one-third as large as those for 

undergraduates. This surprising result is difficult to interpret, how

ever, as Wing and Williams regressed total instructional costs on several 

variables, including revenues, which would normally not be found in a 

cost fun ction. The studies by Southwick ( 1969) and Sengupta ( 1975) 

suggest that maximal cost ratios between the graduate and undergrad

u ate levels are about 1. 7 and 1. 5, respectively. Southwick, however, 

did not provide data on significance tests, and the graduate student 

coefficient was not significant in Sengupta's estimated function. Accord

in g to Carlson ( 197 5), studies at the Esmee Fairbairn Economics Re

search Center indicate that marginal costs for graduate students are 3. 6 

to 8 times as high as those for undergraduates, depending on the form 

of the estimated cost function. 

In their extensive study of British universities, Verry and 

Davies ( 1976) estimated both aggregated and allocated cost functions. 

For the former funct ions such as those shown in Table 4, their overall 

conclusion was that marginal costs for both graduate and undergraduate 

students were generally constant. On the other hand, they found con

siderable evidence for a variety of curves when marginal costs were 

estimated using allocated cost functions. An example of the latter 

would be the regression of faculty salaries allocated to undergraduate 

instruction on undergraduate enrollment. There was considerable 
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variation in the shape of the cost curves from one department to 

another, and from one level of instruction to another. 

Evidence in regard to the shape of marginal cost curves at 

U.S. colleges and universities is far less complete. Maynard (1971) 

found a U-shaped curve for public four-year colleges. Carlson (1972) 

reported that the marginal costs at efficient institutions are lower for 

institutions below the average level of enrollment than for those with 

above-average enrollments for various levels of enrollment at various 

types of institutions. Sengupta (1975), using a logarithmic function 

with a composite enrollment variable, obtained results that show in

creasing marginal costs for a small group of universities. Tierney 

(1980) found U-shaped marginal cost curves for liberal arts colleges. 

Razin and Campbell (1972) found that marginal costs declined at a de

creasing rate for six colleges in a large research university. Only 

linear functions did well statistically in the remaining cost studies. 

Summary 

The results of the review of previous statistical cost studies 

may be summarized as follows: 

1. The use of statistical cost analysis is widespread, having been 

employed in many different industries and sectors of the economy. 

Methods and procedures for the studies are generally similar from one 

industry or sector to another. 

2. Although statistical cost analyses are typically grounded in the 

microeconomic theory of the firm, the assumption of optimal behavior is 

often not met, nor are the prescribed techniques for relating cost and 
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production functions carried through in all, or even most, cost studies. 

Most estimated cost functions, then, are best thought of as "approxima

t ions," that is, as functions that describe behavioral rather than tech

nically efficient relationships. 

3. The typical approach to developing specific cost functions has 

been pragmatic because of the absence of a theoretically prescribed 

form fo r the function along with a frequent lack of adequate information 

regarding the production process. 

4. Studies in numerous industries indicate that long-run average 

costs decline when output is increased at relatively small firms but tend 

to be essentially constant when output is increased at middle- and 

large-size firms. 

5. Similarly, there are studies that suggest that long-run marginal 

costs in many industries are relatively constant over the observed 

range of output. No clear pattern has emerged with respect to margin

al cost behavior in higher education. 

On a more interpretive level, the review would seem to show 

that a statistical cost study in which marginal costs are estimated is 

essentially the same sort of undertaking in higher education as it is in 

other industries. The evidence is twofold. On the one hand, previous 

marginal costing studies have been done in higher education using the 

same general methods and procedures as in comparable studies in other 

areas. In addition, although there is little reason to think that colleges 

and universities are cost minimizers or that their production functions 

can be properly specified, such characteristics do not make higher 
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education unique. The review has shown that those two basic elements 

of the microeconomic model are seldom "realized" in applied work. This 

is not to say that a statistical cost study in higher education will not 

involve issues that are peculiar to higher education. These issues 

could be quite difficult to handle in a practical sense, as will be dis

cussed in the next chapter. 

Also considered in the next chapter are several criticisms of 

previous statistical cost studies. A discussion of the issues raised 

could have been placed here within the literature review. Because they 

are essentially methodological issues, it seemed more appropriate to 

treat them following the discussion of the research methodology used in 

this study. 



CHAPTER 3 

RESEARCH DESIGN 

In this chapter, the subjects, variables, estimating equations, 

analytical techniques, and data sources used in the study are de

scribed. The selection of variables and the choice of functional forms 

for the estimating equations are treated extensively. Typically, these 

aspects are the distinguishing features of a study of this sort. The 

chapter also includes a discussion of potential sources of bias in the 

statistical methodology employed here and of other limitations of the 

study, particularly as they flow from the complex production processes 

of higher education. 

Subjects 

The population studied included seven major types of public 

colleges and universities, as classified by the National Center for 

Higher Education Management Systems (Makowski and Wolfsberg, 1980). 

Each type of institution was analyzed separately, using cross-sectional 

data for the academic year 1977-1978. In each category, all of the in

stitutions for which adequate data were available were included in the 

sample studied. The number of institutions in each category and the 

number included in the samples studied are shown in Table 5. Descrip

tive data for each of the institutional types are provided in Chapter 4. 

Although there is some precedent for estimating a cost function for a 

group of dissimilar institutions (e.g., McLaughlin et al., 1979), in most 

38 
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Table 5. Type and Numbers of Public Institutions Analyzed 

Number Percent 
Total in in of Total 

Institutional Type United States Sample in Sample 

Research 51 50 98 

Doctoral 59 58 98 

Comprehensive 248 225 91 

Baccalaureate 119 105 88 

Two-year Technical 229 221 97 

Two-year Comprehensive 631 585 93 

Two-year Academic 50 35 78 

Total 1387 1279 92 

comparative studies institutions are stratified before cost analysis is 

performed. The latter procedure is thought to make interpretation 

easier and more meaningful (National Association of College and Univer

sity Business Officers, Costing Standards Committee, 1975; Cavanaugh, 

1969). Within the microeconomic framework, analyzing like institutions 

is virtually a requirement if the assumption of a common production 

technology is to be met. In other words, the institutions in the sample 

should be sufficiently similar to be considered as observations of a 

single institution at different levels of output (Dean, 1976, p. 352). 

Meeting this assumption is difficult enough in higher education without 

mixing institutions with clearly different missions. 

The classification system developed by the National Center for 

Higher Education Management Systems (NCHEMS) relies on academic 

program data to group institutions: both the kinds of programs offered 

and the number of students participating in them (Makowski and 
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Wolfsbe.r g, 1980). With respect to four-year schools, the institutional 

groupings that result are rather similar to those in the Carnegie Com

mission's 1976 classification system, which has been used in several 

previous cost studies (e.g., Carlson, 1972; Bowen, 1980). A major 

advantage of the NCHEMS system, from the perspective of the present 

study, is that it disaggregates two-year colleges (as shown in Table 5). 

Among public colleges and universities, the only institutions in the 

N CHEMS classification system not included in this study are the 

specialized or professional institutions (e.g. , art schools; see Appen

dix B for details). 

Variables 

Marginal costs were estimated using a cost function approach in 

which total costs are regressed on output quantities, input prices, and 

a set of technological conditions. What follows is a description of the 

variables used in one or more of the estimated functions. A summary 

description and notation for the variables are provided in tabular form 

at the conclusion of this section. 

The dependent variable throughout was instructional cost, de

fined for purposes of this study as "expenditure for instruction," a 

standard expenditure category within the higher education fund 

accounting system. The instructional expenditures category also in

cludes expenditures for departmental research, that is, for research 

that is not separately budgeted. It is important to note the composite 

nat ure of "instructional expenditures," in order to be precise about 

what is being measured. On the other hand, the composite expenditure 
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variable is not inappropriate within the particular context of this study, 

because states typically do not fund the instructional and departmental 

research functions separately. The presence of the latter function 

within the institutional expenditures category is recognized within state 

systems in other ways, though, such as by permitting research-oriented 

universities to have relatively lower student-faculty ratios. One of the 

important aspects of the institutional classification system used in this 

study is that it tends to classify institutions in accord with their 

degree of commitment to research, thus helping to ensure a common 

production process among the institutions in a given sample. 

Enrollment is used as the output variable in this study. This 

is commonly done in higher education cost studies even though enroll

ment is more directly an input measure, or, alternatively, an activity 

measure. It has proved to be a useful proxy for output and is espe

cially appropriate in the present context because funding formulas are 

typically based on enrollment rather than on some direct measure of 

output. In any case, enrollment in higher education is not a simple 

matter, in the sense that there are various levels of students who 

enroll for varying amounts of credit in a variety of programs. In 

short, colleges and universities produce multiple products even when 

their output is understood in a highly simplified and somewhat indirect 

way as number of students. Some degree of disaggregation is clearly 

needed, as both the microeconomic framework and the cross-sectional 

analysis assume that output is homogeneous. Three levels of full-time 

equivalent (FTE) enrollment, lower division, upper division, and gradu

ate, were treated as distinct output variables. Various studies have 



42 

shown that there are substantial differences between average costs at 

the three levels (e.g., James, 1978) and funding formulas typically rec

ognize, and thus reinforce, cost differences between the three levels. 

For two-year institutions, where levels of enrollment are not a factor, 

FTE, full-time, and part-time enrollments were used as output vari

ables. Part-time students often play an especially important role in a 

two-year college, but their impact on instructional costs may not be 

assessed adequately if enrollment is calculated only in composite, FTE 

terms. 

The distribution of students among various programs also 

affects instructional costs (Calkins, 1963; Fickett, 1977; Spitz, 1979; 

Stevenson, 1973; Warren, Anderson, and Handin, 1976). If enrollment 

were to be disaggregated by program, the large number of variables 

would be very difficult to manage analytically. Furthermore, available 

data bases would not support such an effort for a national cross sec

tion. The strategy adopted here was to use degrees-earned data for a 

representative group of programs to construct a set of control, rather 

than output, variables. The objective was to neutralize the impact of 

such programs without treating their enrollments as output variables for 

which marginal costs would be estimated. This procedure is quite 

similar to that employed by M. Feldstein (1967), Pauly (1978), and 

others who have used casemix as a control vector in estimating hospital 

cost curves. The programs included here for four-year institutions 

are agriculture, biological sciences, business administration, education, 

engineering, fine arts, health (non-first professional), languages, law, 

medicine, physical sciences, and social sciences. For the two-year 
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institutions, the programs included arts and sciences, business, data 

processing, nursing, allied health, mechanics, natural science, and 

public service. In each instance, a program variable was expressed as 

a proportion, that is, the number of degrees earned in the program 

divided by the total number of degrees earned. 

One additional variable, the total number of degree programs 

offered at an institution, was used to control for heterogeneity of out

put. The number of programs represents the breadth of the curriculum 

offered. The presumption is that it is more costly to produce a given 

enrollment if the latter is spread across a large number of programs. 

There is some evidence for that relationship, on an average cost basis, 

in the studies of Bowen and Douglass (1971), Blau (1974), and 

McLaughlin et al. (1979). In these studies the authors blamed curricu

lum proliferation, in part, for the failure of institutions to achieve 

greater economies of scale. For four-year institutions, the curriculum 

breadth variable was expressed as the actual number of programs 

offered. For two-year institutions, where there was some degree of 

collinearity between the level of enrollment and the number of pro

grams, the variable used was the ratio of the number of programs to 

total FTE enrollment. 

At this point, the basic cost and output variables have been 

addressed. Another type of variable often included in a cost function 

is a price index. The latter, or the actual prices of the inputs, must 

be included unless there is reason to believe that input prices are the 

same for each observation in the sample. This was assumed to be the 

case for inputs at British universities in the study by Verry and 



44 

Davies (1976). In the present study, however, there was a clear need 

for variables that will correct for the differences in input prices. 

Fortunately, there was one direct measure available, and that was aver

age faculty compensation. This variable handled the bulk of any dif

ferences in prices. According to Toombs (1973), 65 to 80 percent of 

instructional expenditures are for faculty salaries. The remaining 

differences in prices were addressed by a state price index developed 

by McMahon and Melton (1978) and used in Bowen's (1980) recent work 

on costs in higher education. McMahon and Melton employed a regres

sion procedure to predict a cost index for each state. Per capita per

sonal income, population growth, and a measure of housing costs were 

used as independent variables. 

Several additional variables were included in the cost function 

on pragmatic grounds. These are institutional characteristics whose 

influence, if left uncontrolled, could distort the cost-output relationship 

being estimated. The first of these was the extent of sponsored or 

contracted research on a campus, which in some instances can be con

siderable. Expenditures for this sort of research are not included in 

the instructional expenditures category. Yet, sponsored research in

volves many of the same persons, both faculty and graduate students, 

who participate in the instructional activity. Some control over this 

institutional characteristic was sought through the inclusion of a 

research variable expressed as sponsored research expenditures per 

full-time faculty. 

Two dummy variables were used. One of them indicated 

whether an institution was a traditionally black school. Granted their 



unique history and role within U.S. higher education, it is possible 

that there are influences on cost-output relationships at traditionally 

black institutions that might not be shared by the other institutions in 

the study. The second dummy variable indicated whether an institution 

was located in one of the 23 states in which explicit funding formulas 

play a significant role in determining the level of state appropriations 

for higher education. The idea was to discover and, at the same time, 

to control for the influence this aspect of an institution's funding en

vironment might have on costs. 

To estimate a translog cost function in a manageable fashion, it 

was necessary to find a variable that could represent many of the tech

nological conditions that might be influencing costs. The variable 

chosen was the student-faculty ratio as a way of representing the com

posite effect on costs of most program variables mentioned earlier. 

Mention should be made of a variable that was not included in 

the cost function for lack of a decent measure. Johnston (1960, p. 51) 

referred to the task of constructing a cost function as "the rectification 

of the data to remove the influence on costs of all factors other than 

output." He went on to point out two such factors. One of them had 

to do with differences in input prices and has already been addressed. 

The other had to do with the quality of an institution's output. A 

number of indicators are available that could serve as the basis for an 

index of institutional quality in higher education, but none seems to be 

acceptable. At least that is the opinion of Lawrence and Green (1980), 

who have made the most extensive and most recent survey of the liter

ature on this topic. 
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According to O'Neill (1976, p. 351), there are two approaches 

to measuring quality: some aspect of the ultimate end can be measured 

through test scores, for example, or one can use market information on 

how consumers value increments in the quality dimensions. Verry and 

Davies (1976) tried the first approach in analyzing costs at British uni

versities, but their test score variables were not significant in their 

estimated cost functions and were subsequently omitted. No strong 

candidates for the required pre- and posttest appear to be available in 

U.S. data bases. With respect to the second approach, both Solmon 

(1975) and Wachtel (1975) found a positive correlation between one 

rating system for institutional quality and the lifetime earnings of 

graduates. Both used the Gourman rating in which an institution is 

given a number that represents a kind of average for a series of insti

tutional characteristics such as number of courses offered, library, 

student-faculty ratio, research activity, faculty salaries, student ser

vices, etc. (Gourman, 1967). Although other cost studies such as 

those by Carlson (1972) and Bowen (1980) have also used this rating 

system, it was not used in this study for several reasons. First, a 

substantial number of institutions in this study did not have a Gourman 

rating. Second, the credibility of the rating remains in doubt because 

the weighting scheme used in deriving the composite rating is not re

vealed. Lawrence and Green (1980, p. 36) were less kind in this 

regard, referring to the ratings as "idiosyncratic and unreplicable." 

Third, there appear to be important redundancies between the Gourman 

rating and some of the variables already included in the present study, 

including size, research activity, and average faculty salaries. The 
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last is the most important example of the overlap. It is not just that 

faculty remuneration appears within Gourman's composite rating; 

Solmon (1975, p. 543) has shown, for a sample of 276 institutions, that 

the composite rating and average faculty salaries are highly correlated 

(r = .80). Thus, adding the composite rating to the estimating equa

tions in the study would be unlikely to lead to much additional control 

over differences in quality, but might lead to a multicollinearity prob

lem. The possible consequence of omitting a quality measure or any 

other variable that ought to be in the cost function will be addressed in 

the section on limitations. 

Table 6 provides a listing and notations for the variables dis

cussed above. Each estimated cost function in this study contains a 

subset of those variables. In some functions one or more of the vari

ables may be transformed either logarithmically or by scaling. 

Data Analysis 

Relationships among the variables were analyzed using ordinary 

least-squares regression (OLSQ). The general form of the cost 

function used in the analysis was 

C = C(q ,p;t) (3) 

where C is total instructional cost, q is a vector of enrollment vari

ables, p is a vector of factor prices, and t is a vector of technological 

conditions. For any specific function the vector q consisted of one or 

more of the following enrollment variables: L, U, G, E, Ef, and E . 
P 

The first partial derivative of Equation 3 with respect to one of the 
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Type Notation Description 

Dependent 

Independent 

Output 

Prices 

L 
U 
G 
E 
E. 

W 

SPI 

Technological Conditions 

General 

Program 
(four-year) 

NP 
PR 

RES 

TBI 

FFS 

T 

AG 

BIO 
BUS 
ED 
EN 
FA 
HTH 
LAN 
LAW 
MED 

PHY 
SOC 

Expenditures for instruction 

Lower division enrollment (FTE) 
Upper division enrollment (FTE) 
Graduate enrollment (FTE) 
Total enrollment (FTE) 
Full-time enrollment (headcount) 
Part-time enrollment (headcount) 

Average compensation for full-time 
faculty 

State price index (McMahon and 
Melton, (1978) 

Number of degree programs 
Number of degree programs divided by 

E 
Expenditures for sponsored research 

divided by number of full-time 
faculty 

Dummy variable: l=traditionally black 
institution; 0 = other 

Dummy variable: 1 = formula funding 
state; 0 = other 

FTE enrollment divided by number of 
full-time faculty 

Proportion of degrees at all levels 
earned (PDE) in agriculture 

PDE in biological sciences 
PDE in business administration 
PDE in education 
PDE in engineering 
PDE in fine arts 
PDE in health 
PDE in languages 
PDE in law 
PDE in medicine (medicine, osteopathy, 

dentistry, veterinary) 
PDE in physical sciences 
PDE in social sciences 
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Table 6. Variables—Continued 

Type Notation Description 

Program 
(two-year) 

Vectors 

AS 

BUS 
EDP 
HLTH 
MECH 
NSCI 
NUR 
PS 

PV4 

PV2 

X 

Proportion of degrees earned (PDE) in 
arts and sciences 

PDE in business 
PDE in data processing 
PDE in allied health 
PDE in mechanics 
PDE in natural science 
PDE in nursing 
PDE in public service 

Program vector for four-year institu
tions, consisting of AG, BIO, BUS, 
ED, EN, FA, HTH, LAN, LAW, MED, 
PHY, and SOC 

Program vector for two-year institu
tions, consisting of AS, BUS, EDP, 
HLTH, MECH, NSCI, NUR, and PS 

Control vector for four-year institu
tions, consisting of W, SPI, NP, 
RES, TBI, FFS, and PV4 

Control vector for two-year institu
tions, consisting of W, SPI, PR, 
FFS, and PV2 
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enrollment variables yields the marginal cost of an additional student of 

that type. 

Theory provided little guidance in regard to the specific form 

of the cost function. Accordingly, a variety of cost functions was esti

mated for each of the seven types of institutions in the study. For 

each type, the analysis began with the estimation of a simple, additive 

cost function. In the case of four-year institutions, that function was 

C. = a + an L. + a0U. + a0G. + a.W. + ac(SPI). + ac(NP). 
1 o 1 1 2 i 3 i 4 i 5 l 6 i 

+ a7(RES). + a8(TBI). + a9(FFS). + 0^4).. + e. (4) 

where the subscript i stands for the ith institution and e is an error 

term. For ease of exposition, Equation 4 can be expressed in nonsto-

chastic form as 

C = aQ + ajL + ^2^ + a3^ + ^ 

where Z is a control vector as shown in Table 6. As a linear model, 

Equation 5 can yield only constant marginal cost estimates for L, U, 

and G. An equation that allows marginal cost estimates to either in

crease or decrease constantly is the quadratic form: 

C = a + a,L + a„L2 + a„U + a„U2 + a,G +a«G2 + 0Z (6) O 1 L  6  4 Ob 

An equation that allows marginal cost estimates to follow a U-shaped 

pattern is the cubic form: 
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(7) 

For example, Equation 7 would predict a U-shape for lower division 

marginal costs if the estimated coefficients a1, a2 , and a3 had the 

signs, +, -, and +, respectively. Equations 6 and 7 were estimated for 

each type of four-year institution. In addition, cost functions were 

estimated that included various other combinations of first-, second

and third-degree terms for L, U, and G such as 

(8) 

There were two reasons for estimating functions such as Equation 8. 

Extraneous terms in a regression equation lead to higher variances for 

the estimates of t he coefficients for those variables that belong in the 

equation. In addition, extraneous terms can needlessly increase the 

collinear ity within the set of included variables. Equations 6 and 7 

wer e used to identify the enrollment variables that might best be esti

mat ed with higher order terms, using statistical significance as a cri

terion. Higher order enrollment terms not statistically supported in 

Equ ations 6 and 7 were considered extraneous and were not included in 

subsequent estimating equations. For example, Equation 8 would have 

been estimated if the second- and third-degree terms for L and the 

third-degree term for U had failed to receive statistical support in 



Equations 6 and 7. The minimum level of statistical support was set at 

F = 1. 

The underlying assumption of the additive models such as Equa

tions 6, 7, and 8 is that the respective marginal costs of the three 

levels of enrollment are independent of one another. In all likelihood 

this assumption is an oversimplification. It is obvious, to begin with, 

that the educational process is by and large a joint process. There are 

some separate faculties such as in medicine or law, but these are ex

ceptions. Far more typical is the faculty member who teaches at all 

three levels of instruction. In addition, there are faculty and students 

who participate in sponsored research projects. Joint production can 

be addressed in the linear cost function by adding interaction terms as 

follows: 

C = a + a,L + a9U + a„G + a.L*U* + a,L*G* + acU*G* 
O 1 l o 4 5 b 

+ a?(RES)M + ag(RES) V + ag(RES)^G^ + 8Z (9) 

The interaction terms in Equation 9 make up the set of possibil

ities in this study for joint production. Some investigators such as 

Verry and Davies (1976) suggest that the interaction terms also provide 

a test for joint supply. For example, if the estimated coefficient in 

Equation 9 were significantly less than zero, it could be concluded that 

lower division and graduate education were being produced less expen

sively together than separately, other things being equal. As Verry 

and Davies have also pointed out, however, the absence of a significant 

negative coefficient on an interaction term is not a conclusive refutation 
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of the joint supply hypothesis. Joint supply effects could be primarily 

of a qualitative nature, in which case such effects would not be 

detected by Equation 9. On the other hand, James (1978, p. 162) 

argued that no matter what the signs happen to be, interaction terms of 

the sort being discussed here "cannot be used to infer joint supply" in 

colleges and universities. Her argument is that the joint supply infer

ence would follow only if the interactions were due to technological 

imperatives, whereas, in higher education, the interactions are likely to 

be due to deliberate choice. In view of the unsettled nature of this 

issue, interaction terms will be interpreted in this study as indicators 

of the strength and direction of joint processes, but not of joint 

supply. 

The assumption that the marginal costs of the respective enroll

ment levels are somehow dependent on one another can be modeled in 

ways other than through the interaction terms in Equation 9. One pos

sibility is the multiplicative form: 

a„ a« 07 
C = a L U G e^ (10) 

o 

Equation 10 implies, however, that if the number of students at one 

level of enrollment increases, then the marginal costs of the other levels 

of enrollment must also increase (Hanushek and Jackson, 1977), an 

implication that may at times be inappropriate. An alternative type of 

multiplicative model, one that permits negative as well as positive inter

actions, is the so-called transcendental function (Halter, Carter, and 

Hocking, 1957; Mundlak, 1964): 



54 

at a„ a0 (a,L + a,-U + acG + 3Z) 
C = acL U G e 5 6 (11) 

The interaction results from Equation 9 suggested whether Equation 10 

or Equation 11 was preferable in a particular instance. The latter were 

estimated after taking the natural logarithms of both sides of the re

spective equations. 

Finally, several versions of a translog cost function were esti

mated. This type of function is attractive because it represents very 

general production structures. "It places no a priori restrictions on 

substitution possibilities among the factors of production. Equally im

portant, it allows scale economies to vary with the level of output" 

(Christensen and Greene, 1976, p. 659). As Pauly (1978) indicated, 

however, the translog form can be difficult to estimate for small samples 

such as several of those in this study. First, the number of independ

ent variables required may all but exhaust the available degrees of 

freedom. Second, the correlation between the output variables will tend 

to be high, thus making it difficult to get precise estimates of the 

effect of outputs on costs (Pauly, 1978, p. 80). As shown in Chapter 

2, Table 2, Pauly handled the difficulties by first using an index to 

represent the set of casemix variables, which reduces the number of in

dependent variables, and then by estimating a first-order version of 

the translog function, which reduces the collinearity between the output 

variables. 

An approach similar to Pauly's was adopted in the present 

study. The student-faculty ratio, T, was used to represent all of the 

program variables, with the exception of medicine, in the translog 



functions for four-year institutions. As a further simplification, the 

state price index was not included, having been shown to be relatively 

unimportant in the other cost functions estimated for four-year 

institutions. 

Three translog forms were estimated. The simplest was a first-order 

version: 

In C = In a + a,ln L + a0ln U + a„ln G + a„ln W + aKln T o 1 l o 4 a 

+ a6(RES) + a?(TBI) + ag(FFS) + ag(MED) (12) 

Other versions included interactions between enrollment levels and 

interactions along with second-order enrollment variables as in: 

In C = In aQ + a^ln L + iagdn L)2 + a^ln U + ia4(ln U)2 

+ a5ln G + iag(ln G)2 + a?(ln U In L) + ag(ln G In U) 

+ ag(ln G In L) + a^ln W + a^ln T + a^CRES) 

+ a13(TBI) + a14(FFS) + a15(MED) (13) 

The most complex version took the more standard form of the translog 

function in which the price and technology terms are also second order 

and interactive: 

In C = In aQ + a^n L + £a2(ln L)2 + agin U + £a4(ln U)z 

+ a5ln G + *a6(ln G)2 + a?(ln U In L) + ag(ln G In U) 

+ ag(ln G In L) + a^ln W + a^ln T + ia^On W)2 
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+ ia13(ln T)2 + a14(ln W In T) + a15(ln W In L) 

+ a16(ln W In U) + a1?(ln W In G) + alg(ln T In L) 

+ alg(ln T In U) + a2Q(ln T In G) + a21(RES) + a22(TBI) 

+ a23(FFS) + a24(MED) (14) 

The cost functions estimated for two-year institutions were 

somewhat less complex than the functions for four-year institutions, but 

of the same general form. The basic linear model was 

C = aQ + a^E + $X (15) 

where E is FTE enrollment and X is a control vector as shown in Table 

6. Equations with E2 and E3 terms were also estimated. 

The simple multiplicative model, 

a1  (3X 
C = aQE e (16) 

was transformed and estimated as 

In C = In a + a-ln E + gX (17) 
o 1 

The coefficient a.^ in Equation 17 is an elasticity that can be used to 

calculate the marginal cost of an additional student; it is also equal to 

the ratio of marginal cost to average cost, a ratio that can be used to 

estimate the relative magnitudes of the two costs. The ratio is constant 

over the enrollment range. 
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Two translog functions were estimated for two-year institutions, 

a first-order version, 

In C = In a + anln E + a„ln W + a„ln T + a/1(FFS) (18) 
o 1 i  A  4 

and a second-order version, 

In C = In a + a,ln E + £a0(ln E)2 + a0ln W o 1 i o 

+ a4ln T + a5(FFS) (19) 

Neither equation includes terms representing interactions between the 

output, price, and technology variables. Equations including such 

terms were tried but could not be successfully estimated, perhaps due, 

in part, to multicollinearity. 

The marginal costs of full-time and part-time enrollments at 

two-year institutions were estimated following the same general proce

dures used above. The linear function was 

C = + a2^p + (20) 

where full-time enrollment, E~, and part-time enrollment, E , are 
Jr 

treated as distinct types of output. A linear model that included the 

interaction term E^E^ was estimated, as were quadratic and cubic func

tions. The transcendental function 

a1 a„ (a„Ef + a.E + gX) 
C = a E „ E e dI p (21) 

o f p 

was the basic multiplicative model used, but the function 

a- (a„(PT/FTE) + 0X) 
C = a E e (22) 

o 
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was also employed in order to determine how instructional costs might 

vary with the ratio of part-time to FTE enrollment, PT/FTE. 

Equations 4 through 22, or variations thereof, generated the 

marginal cost estimates that were required to meet the first two 

research objectives listed in Chapter 1. The use of a variety of func

tional forms made it possible to test for various kinds of marginal cost 

behaviors. It also provided an opportunity to get some indication of 

the extent to which marginal cost estimates in higher education are sen

sitive to functional form. The alternative models were evaluated by 

using the customary statistical tests. Generally accepted notions 

regarding the underlying production processes, along with data on 

average costs, were used to evaluate the plausibility of the respective 

marginal cost estimates. 

The third research objective was to compare the marginal with 

the average costs of enrollment for the various types of institutions. 

Considerably more could be done in this regard with the two-year insti

tutions than with the four-year institutions. In the former case, aver

age cost curves could be estimated and compared to those for marginal 

costs because only the one level of enrollment is reflected in the in

stitutional cost data. At four-year institutions, the instructional cost 

figure includes costs related to three levels of enrollment. Thus, it 

was not possible to generate a set of average cost curves comparable to 

the level-specific marginal cost curves estimated in this study. It was 

possible, though, to calculate average cost figures for mean enrollment 

points by using data developed in other studies. Specifically, studies 

in which costs have been allocated by instructional level provide ratios 
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dof average costs among those levels. These ratios were combined with 

enrollment and cost data to produce average cost figures by level of 

instruction. 

Ordinary least-squares regression (OLSQ) was used to estimate 

the cost functions developed for this study. This method is frequently 

used used in comparable circumstances. It is an appropriate estimating 

technique only in the case where all but one of the variables in the 

model are predetermined. It is assumed in this study that instructional 

cost is the one endogenous variable and that all other variables in the 

model are exogenous. The estimated regression line is interpreted here 

as a cost function that represents average behavior rather than a tech

nical solution to the least-cost problem. In other words, the assump

tion is that colleges and universities differ in their ability, and perhaps 

their incentive, to be economically efficient; thus, two institutions with 

identical outputs may have different costs. The regression technique 

estimates their average efficiency. 

The cost functions estimated in this study are interpreted as 

long-run functions. It is assumed that colleges and universities have 

been able to adjust to their current level of output without having to 

deal with fixed instructional costs, i.e., costs attributable to fixed 

factors of production. Instructional costs, as defined above, do not 

include items such as depreciation on buildings or equipment, which are 

typical examples of fixed costs in the business sector. The major input 

in instruction is labor, usually considered to be a variable cost. 

Tenured faculty could perhaps constitute a fixed factor of production in 

situations where enrollments decline precipitously. This is unlikely to 
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have been true, at least on a important scale, during 1977-78 when the 

operations analyzed in this study took place. 

Cross-sectional data were used in this study. A cross-sectional 

approach was preferable to a time-series analysis for two reasons. The 

former typically provides a much wider range of behavior for analysis 

(Carlson, 1972). This feature is particularly important when estimating 

long-run cost curves (Johnston, 1960). Both approaches required that 

the data be rectified in order to isolate cost-output relationships. At 

least some authors consider this task to be less formidable in a cross 

section (Walters, 1963; Maynard, 1971; Dean, 1976). Dean, who has 

been doing statistical studies for more than four decades, is the most 

emphatic in this regard. He (1976, p. 325) stated that the difficulties 

of abstracting from historical evolution in a time series are "usually 

insuperable." 

Data Sources 

Expenditure, enrollment, faculty, and degrees earned data were 

obtained from the 1977-1978 version of the annual Higher Education 

General Information Survey (National Center for Education Statistics, 

1978). Faculty compensation data for 1977-1978 were obtained from the 

annual report of the American Association of University Professors 

(1978). Traditionally black institutions were identified in Turner and 

Michael's (1978) report, and Gross (1979) was the source for identifying 

formula-funding states. As noted earlier, McMahon and Melton (1978) 

supplied the state price index. 
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A problem encountered in any comparative cost study is main

taining consistency in the measuring and reporting of the cost data. In 

1975, Robinson indicated that the lack of comparability between 

published financial statements of colleges and universities might be 

about to end. His optimism was based on the agreement reached by the 

American Institute of Certified Public Accountants (AICPA), the Nation

al Association of College and University Business Officers (NACUBO), 

and the National Center for Higher Education Management Systems 

regarding uniform standards for financial accounting and reporting. 

Moss and Gaither (1976, p. 546) cited the "almost universal acceptance" 

of the chart of accounts flowing from the agreement as a solid basis for 

interinstitutional cost comparisons. Nonetheless, it is safe to assume 

that problems of comparability remained in 1977-1978. Evidence to that 

effect was recently reported by Minter and Conger (1979), who com

pared the Higher Education Information Survey (HEGIS) financial data 

for 125 independent colleges and universities with audited financial 

data, coded and verified to the AICPA-NACUBO standards. Discrep

ancies between the two sets of data decreased in many reporting cate

gories between fiscal year 1975 and 1977 but were still "frequently 

extensive and in some categories very large" (Minter and Conger, 1979, 

p. 20). In regard to expenditures, Minter and Conger found that 23 

percent of the institutions had variations of 15 percent or more between 

HEGIS and the audited data. They concluded that HEGIS financial data 

are to be used with caution. Their findings are directly pertinent to 

private institutions. In light of state reporting requirements, which 
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can be substantial especially in the financial area, it is conceivable that 

financial data at public institutions are less subject to error. 

A less pessimistic view regarding HEGIS data is provided by 

Patrick and Collier ( 1978). They analyzed the statistical significance of 

some of the same variations in data discussed by Minter and Conger 

(1975) and concluded that "the HEGIS data (at least when considered in 

the aggregate) compare very favorably to data obtained independently 

using procedures known to be reliable" (Patrick and Collier, 1978, p. 

79). 

The HEGIS financial data used in this study are not aggregated 

in the above sense; however, as the dependent variable, expenditures 

for instruction will be subjected to the averaging effects of the cross

sectional analysis. Assuming that any mismeasurement in accounting or 

other errors in reporting are not correlated with one of the independent 

variables, the errors in the instructional expenditure data can be ex

pected to average out (Dean, 1976). 

Limitations 

Higher education is characterized by joint production and pos

s ibly joint supply as well, making it difficult to obtain accurate esti

mates of the relationship between cost and output. Although some of 

the diver sity in output is recognized in the proposed study, additional 

aspects of the enrollment mix such as the distribution of students 

between master's and doctoral levels or between degree programs not 

included in the analysis or within programs by level of instruction are 

likely to influence instructional costs. Non-credit enrollments may also 



influence instructional costs, especially at two-year institutions. Simi

larly, the relationship between instructional cost and enrollment may be 

affected by the research programs at some institutions, both materially 

and in regard to cost accounting issues, in ways not addressed by the 

research variable used here. Implicit in the general problem of joint 

production, and in the examples just given, is the conclusion that it 

should be easier to properly specify cost functions and to obtain 

accurate data for the less complex institutions. In other words, other 

things being equal, it is likely that the marginal cost estimates for the 

two-year institutions have greater validity than the estimates for the 

institutions in the remaining categories. Average cost estimates, to the 

limited extent that they are part of this study, are even more likely to 

have greater validity in the case of two-year institutions. 

Differences between institutions in their ability to obtain 

revenues might well diminish the reliability of the marginal cost esti

mates in this study. Such differences are difficult to model. They are 

a function, first of all, of the wealth, tax effort, and share of appro

priations going to higher education within a given state, or within a 

given county for some two-year institutions. In addition, the history 

and tradition of an institution can be important to its funding environ

ment, as can the presence of friends or adversaries in government, and 

so on. It is assumed in this study that access to a disproportionate 

amount of resources by a given institution will be reflected, at least in 

the long run, in that institution's output; that is, the institution will 

have a disproportionate number of graduate students, or number of 

programs, or involvement in research, etc. To the extent that this 



64 

assumption is unmet and the institution ends up instead with costs that 

are disproportionate to its output, the net result for the regression 

analysis will be a decrease in explained variance, or, in other words, 

the marginal cost estimates will be less reliable. 

As noted in the literature review, statistical cost analysis has a 

fairly extensive history. During this time a variety of criticisms of the 

procedures have been developed. They were treated in systematic 

fashion by Johnston (1960) and Dean (1976) and, to a lesser extent, by 

Walters (1963). Virtually all of the criticisms concern either short-run 

analysis, time series analysis, or analysis of perfectly competitive in

dustries, and thus are not pertinent to this long-run, cross-sectional 

study of a less than perfectly competitive industry. There is one 

problem, the so-called regression fallacy, which does seem to be applic

able here. 

The regression fallacy, considered by Walters (1963) to be the 

most important criticism of the cross-sectional method, was developed by 

Friedman (1955). It is based on the proposition that firms with the 

largest output "are clearly likely to be producing at an unusually high 

level, and conversely for those which have the lowest output" (Fried

man, 1955, p. 237). Assuming that the firms cannot or will not adjust 

their inputs accordingly within the accounting time period, average 

costs will be driven downward at high output firms and upward at low 

output firms. As a result, a cross-sectional regression analysis in 

which cost is correlated with output will overestimate economies of scale 

and underestimate marginal costs. Verry and Davies (1976) concluded 

that the regression fallacy was indeed a potential source of downward 
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bias for marginal costs at British universities. The same conclusion 

would seem to be valid for U.S. colleges and universities. Although 

instructional costs in higher education do not include capital items such 

as depreciation, which enhance the effects of the regression fallacy for 

business firms, there are short-term inflexibilities in the instructional 

area that could combine with transitory levels of over or under 

enrollment to produce distorted unit costs in the manner suggested by 

Friedman (1955). It would appear difficult, however, if not impossible, 

to estimate the likely magnitude of this effect. The ability to accurate

ly predict enrollment varies from one institution to another for a variety 

of reasons, as does the ability to respond quickly when an enrollment 

target is missed. 

Another source of potential bias, the erroneous omission of 

variables from the regression equation, is a general modeling problem. 

Systematic discussions can be found in standard econometric or applied 

research textbooks such as those by Maddala (1977) and Hanushek and 

Jackson (1977). 

An omitted variable that belongs in a regression equation and is 

correlated with one or more of the variables included in the equation 

will lead to biased estimated coefficients for the included variables. 

The extent of the bias is positively related to the importance of the 

omitted variable for explaining the dependent variable. It is not pos

sible to say a priori what the magnitude or direction of the bias will be 

for a given data set (Hanushek and Jackson, 1977). There is no 

defense against this source of bias other than to specify the model as 

carefully as possible. Verry and Davies (1976) concluded that a quality 
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measure was the most likely possibility to be an important, erroneously 

omitted variable in their study. The same might be said for the 

present study. A measure of an institution's relative ability to obtain 

revenues is another such possibility here. 

Summary 

Instructional costs in higher education are conceived as being a 

function of output, factor prices, and technological conditions. The 

function thus conceived is interpreted as representing average economic 

efficiency for cross sections of colleges and universities. In the ab

sence of theoretical support for a particular functional form, a variety 

of equations were developed. These equations are to be used with 

ordinary least-squares regression to estimate long-run marginal costs. 

Potential sources of bias in the marginal cost estimates, as well as other 

limitations on the study, were noted. 



CHAPTER 4 

FINDINGS 

This chapter contains the results of estimating the series of 

cost functions developed in the previous chapter. Most of what follows 

is a systematic review of the marginal cost estimates for the seven 

types of institutions analyzed. A concluding portion of the chapter 

contains the comparison between marginal and average costs. 

Four-year Institutions 

In this study there are 438 institutions that offer primarily a 

bachelor's or higher degree. As shown earlier in Table 5, the NCHEMS 

classification system divides these institutions into four categories: 

research, doctoral, comprehensive, and baccalaureate. Data on the 

corresponding four samples analyzed in this study are provided in 

Table 7. The data shown are the means and standard deviations of the 

variables used in the regression analysis. Several of the means change 

in a regular way, moving from research to baccalaureate institutions, or 

left to right in Table 7. Measures of size such as enrollments, number 

of degree programs offered, and total instructional expenditures de

crease. Average faculty compensation and expenditures per full-time 

faculty for sponsored research also decrease regularly. On the other 

hand, compared to their respective means, the standard deviations are 

larger in every instance for the comprehensive and baccalaureate 

institutions than they are for the research and doctoral institutions. 
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Table 7. Means and Standard Deviations of Regression Variables for Four-year Institutions 
"~~=~==· ==~=-- ·--===-~~~"=~"==~ ~ ~ ·"~ =~ =~= = ===~====~ = == ==~==~=-===·====·~~=== ~= =· ~= =~ = =·=============-==·= 

Research Doctoral Comprehensive 

Regression Variables Mean so Mean so Mean so 

Total instructional costs $54,964,921 $30,679,154 $30,440,499 $14 , 792,037 $11,089,688 $ 8,198,036 

Lower division 
FTE enrollment 

Upper division 
FTE enrollment 

Graduate FTE 
enrollment 

Average faculty 
compensation 

State price index 

Sponsored research per 
full-time faculty 

Number of 
degree programs 

FTE enrollment I 
full-time fac ulty 

Traditionally black 
institutions 

Located in formula 
funding states 

Proportion of degrees 
earned in: 

Agriculture 
Biological Sciences 
Business 
Education 
Engineering 
Fine Arts 
Health 
Languages 
Law 
Medicine 
Physical Sciences 
Socia l Sciences 

8, 671 

8,058 

4,452 

$25,543 

103.9 

$34,288 

194 

19 . 0 

0 

.42 

. 08 

. 07 

. 13 

. 15 

. 11 

. 03 

. OS 

. 01 

. 01 

. 02 

. 03 

.09 

3,836 

3,837 

2,970 

$2,638 

8.35 

$24,520 

62 

3.24 

0 

. so 

. 07 

.04 

. OS 

.08 

. 09 

. 02 

. 04 

.009 

. 02 

. 02 

. 02 

.OS 

6,363 

5,287 

2,572 

$22,853 

103.6 

$8,773 

141 

20. 1 

0 

.53 

.02 

.OS 

. 15 

. 23 

.OS 

. OS 

. 06 

. 01 

.02 

. 01 

. 03 

. I 

2,612 3,363 1,809 

2,245 2,582 2,001 

1, 495 777 809 

$2,503 $21,100 $2,969 

8.61 104 . 9 10.25 

$7.627 $2,224 $5,403 

42 63 24.5 

2. 76 20.4 4. 12 

0 . 67 . 25 

.so .5 3 . so 

,04 . 02 . 04 
.03 . 04 .02 
. 06 . 17 . 09 
. 11 . 32 . 14 
.04 .03 .06 
.02 .03 .02 
.07 .04 .OS 
.007 . 009 . 01 
.03 . 004 . 02 
.0 3 . 001 . 01 
. OJ . 02 .03 
. OS .1 . OS 

Baccalaureate 

Mean so 

$ 3,530,690 $ 2, 125,168 

1, 443 814 

817 560 

69 145 

$18,627 $2,192 

101.7 9.90 

$814 $1,857 

29 13.5 

19.0 3.83 

. 14 .35 

. 51 . so 

. 01 .04 

. OS .04 

. 18 . 10 

. 27 .18 

.03 .08 

. 03 .OS 

. 02 . 04 

.009 . Ol 

. 008 . 04 
0 0 

.03 .03 

. 14 .09 

0') 
00 
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About half of the institutions in each sample are located in states that 

use explicit funding formulas in appropriating funds for public higher 

education. Traditionally black institutions are found only in the com

prehensive and baccalaureate samples. 

The statistical findings that follow have been organized so as to 

focus on comparisons between research and doctoral institutions on the 

one hand and comprehensive and baccalaureate institutions on the 

other. Relative similarities of role and scope prompt this structure. 

The discussion of the findings will deal primarily with marginal 

cost estimates, in accord with the objectives of the study. In each in

stance where the simple linear model is presented, however, the results 

for the control variables will be shown and briefly discussed. 

Research and Other Doctoral Institutions 

Both research and other doctoral institutions are typically 

large, complex, and heavily engaged in doctoral-level training. The 

more extensive emphasis on research in the one case might be expected 

to lead to relatively higher marginal costs for graduate students. At 

the same time, the large enrollments of these students, especially in the 

sciences, provide a relatively inexpensive resource for the education of 

undergraduates, particularly at the lower division level. Thus, the 

range of marginal costs between lower division and graduate levels 

might be expected to be greater for research universities than for the 

doctoral institutions. 

The results of estimating a simple linear cost function (Equation 

5) are shown in Table 8. The figures in the column headed 3 are 
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Table 8. Regression Results for Research and Doctoral Institutions in a 
Linear Cost Function 

Research Doctoral 

Variable 

Enrollment 

L 

U 

G 

Factor Prices 

W 

SPI 

Program 

AG 

BIO 

BUS 

ED 

EN 

FA 

HTH 

LAN 

LAW 

MED 

PHY 

SOC 

Other Controls 

RES 

NP 

FFS 

TBI 

Constant 

-92 

2,555 

6,550 

704 

105,780 

1,144 

903 

1,059 

643 

996 

1,313 

1,327 

-1,704 

-435 

2,669 

772 

2,137 

-46 

1,736 

3,169,506 

-105,346,500 

0 . 0 2  

9.11* 

27.79** 

0.53 

.18  

7.54** 

2.31 

3.46 

4.18* 

10.12** 

2.38 

5.12* 

.36 

.16 

7.31* 

.52 

13.68** 

.25 

.002 

1 .28  

7.33* 

1,027 

1,856 

4,315 

1,197 

259,729 

-337 

358 

-334 

-78 

-258 

-437 

-108 

1,342 

322 

828 

1,346 

105 

400 

-2,116 

-551,266 

-36,341,906 

2 . 2 1  

4.55* 

6.84* 

0.04 

1 .18  

.83 

.18 

1.55 

.10 

.35 

.41 

.17 

.36 

. 2 6  

2 . 2 0  

.89 

.04 

1.89 

.00 

.04 

2.15 



Table 8. Regression Results, Linear Cost Function—Continued 

Research Doctoral 

Variable 3 F 3 F 

R2 0.943 0.745 

Marginal Costs 

L $ -92 $ 1,027 

U 2,555 1,856 

G 6,550 4,315 

a. Multiply program variables by 10,000 to get actual value. 

*p < .05. 

**p < .01. 
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unstandardized regression coefficients. The figures in the column 

headed F are F statistics. In the linear model, the regression 

coefficient on an enrollment variable can be read directly as the esti

mated marginal cost, i.e. , as the estimated change in total cost associ

ated with a change of one unit of enrollment. In nonlinear models, the 

marginal cost estimate must be calculated from the estimated coeffi

cient(s) . The appropriate calculation will be shown in the text when a 

particular nonlinear form is first introduced. No calculations are re

quired on the reader's part, however, as the marginal cost estimates 

are always explicitly shown in the bottom portion of all tables that 

report such estimates. For linear functions, as shown in Table 8, the 

explicitly stated marginal cost estimates are, of course, identical to the 

corresponding regression coefficient. 

Multicollinearity has probably interfered with the magnitude of 

the F statistic for lower division marginal costs at research universities 

and may have led to the negative sign as well. In any case, a negative 

marginal cost estimate is implausible. The linear model appears to work 

reasonably well for the remaining enrollment variables for both types of 

inst itutions. The increase in marginal costs by level of instruction is 

in accor d with the results of other studies (e.g. , Verry and Davies, 

1976) and makes sense with respect to the underlying production 

processes. 

Among the nonenrollment variables, the most obvious difference 

in the results for the two samples is the behavior of the program vari

ables. Clearly, t hese variables are effective for explaining instructional 

costs at research institutions. Only the positive coefficients on the 
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business and education variables would appear to be questionable. In 

contrast, none of the program variables were statistically significant for 

the doctoral institutions, and many of the signs are questionable. Mul-

ticollinearity is a possibility, of course, although the absence of an 

inflated R2 value does not suggest it. (Alternative specifications of 

the program vector were tried, but with little success in terms of find

ing statistically significant variables.) 

Interestingly, average faculty compensation is not significant in 

either sample. This could be due in part to the fact that these institu

tions operate in a national market with respect to hiring faculty. Con

sequently, compensation may be rather similar at these institutions when 

controlling for differences in enrollment and program emphasis. 

Overall the linear model was more effective for the research 

institutions with an R2 value of 0.943 compared to 0.745 for the 

doctoral institutions. All R2 values shown in this study have been 

adjusted for degrees of freedom. 

Table 9 shows the results for research and other doctoral insti

tutions using a quadratic cost function. The quadratic form allows 

marginal cost to increase or decrease at a constant rate, depending on 

the sign of the second-degree term. Estimated marginal costs are cal

culated as follows: cost = the regression coefficient on the linear term 

+ (2 x the regression coefficient on the quadratic term x mean enroll

ment). As shown in Table 9 there is a statistically significant 

second-degree term only in the case of graduate students at doctoral 

institutions. The positive sign indicates that marginal costs constantly 

increase as graduate enrollment increases. The corresponding marginal 
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Table 9. Regression Results for Research and Doctoral Institutions in a 
Quadratic Cost Function 

Research Doctoral 

Variable s F s F 

Variables 

L -1,870 0.85 551 0.04 

L2 .0703 .72 .006 .01 

u 6,585 6.83* 4,815 2.56 

U2 -.1931 3.40 -.1827 .76 

G 8,383 5.53* -5,112 2.92 

G2 -.1088 .31 1.334 12.75** 
za 

Constant -108,977,790 8.11** -352,811,150 2.14 

f{2 .948 .803 

Marginal Costs b 

L $ -651c $ 475d 

u 3,474d 2,883d 

G 7,414d 1,750c 

a. Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-1 for the estimated values of 
these variables. 

b. At mean enrollment. 

c. Increasing constantly. 

d. Decreasing constantly. 

*E. < • 05. 

**E. < .01. 
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cost estimate, $1,750, is calculated at the mean graduate enrollment of 

2, 572 FTE students. The estimate given by the simple linear model, 

$4, 315, would be reached at an enrollment of 3, 533 FTE students. The 

slope of the line is rather steep and does not yield plausible estimates 

near t he high or low end of the observed enrollment range. 

For research institutions, the results suggest that graduate 

marginal costs are constant, but there is some statistical support for 

gradually decreasing marginal costs for upper division students. In the 

latt er case, the model predicts that marginal costs decline by $386 for 

every 1, 000 FTE students. (Because the calculation for upper division 

mar ginal cost is 6, 585 + ( 2 x -0.1931 x 8, 058), where 8, 058 is mean 

enrollment, it follows that the charge per student in the marginal cost 

estimate is 2 x -0.1931, or - 0. 3862.) The model does not provide a 

plausible estimate for lower division marginal costs, as the predicted 

value at mean enrollment is -651. 

Table 10 shows the results when cubic functions are estimated. 

Marginal cost estimates are calculated as follows: marginal cost = the 

regression coefficient on the linear term + ( 2 x the regression coeffi

cient on the quadratic term x mean enrollment) + ( 3 x the regression 

coefficient on the cubic term x mean enrollment squared). The function 

did not work well for research institutions; none of the enrollment 

coefficien ts was significant. Again, there is a hint of constantly 

declining upper division marginal costs. The cubic form worked a little 

better for the doctoral institutions, at least with respect to lower 

division and graduate enrollment. The predicted U-shaped curve for 
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Table 10. Regression Results for Research and Doctoral Institutions in 
a Cubic Cost Function 

Variable 

Research Doctoral 

Variable 

L 

L2 

L3 

U 

U2 

u3 

G 

G2 

G3 

Za 

Constant 

R2 

Marginal Cost* 

L 

U 

G 

-3,617 

.1682 

-.000002 

12,525 

-.9478 

.000027 

16,414 

-1.227 

.000051 

-13,684,380 

.946 

$ -1,061 

2,509° 

8,522( 

0.27 

.07 

.01 

2.29 

1 . 2 2  

.91 

2.99 

.84 

.65 

9.48** 

13,836 

-2 ,080  

.000099 

-2,701 

.8168 

.000042 

16,692 

-4.954 

.000533 

-49,045,260 

.832 

$ -488 

2,414c 

1,787( 

2.43 

2.40 

2.43 

.11 

.45 

.50 

2 . 6 1  

2.71 

4.37* 

3.12 

a. Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-2 for the estimated values of 
these variables. 

b. At mean enrollment. 

c. Inverted U-shape. 

d. U-shape. 

*p < .05. 

**£ < .01. 
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lower division, however, drops well into the negative cost area at mean 

enrollment. 

There was a suggestion in Table 9 that upper division marginal 

costs were constantly declining at research institutions. To pursue this 

possibility, the following partial quadratic model was estimated 

C = AQ + A^L + AGU + A^U2 + A^G + $ Z  (23) 

The results are shown in Table 11. With the presumably extraneous 

second-degree terms for L and G removed, both U terms are now signi

ficant. The model predicts that upper division marginal costs decline at 

a constant rate of about $310 per 1000 FTE students. An institution 

with the lowest observed upper division enrollment, or 1,941 FTE stu

dents, would have predicted upper division marginal costs of $5,426, 

compared to $857 for an institution with the highest observed upper 

division enrollment of 14,574 FTE upper division students. 

To pursue the possibility that the graduate and lower division 

marginal cost curves at doctoral institutions would be U-shaped, a 

series of partial cubic cost functions were estimated. As shown in 

Table 12, there is strong statistical support for a U-shaped graduate 

cost curve. The predicted curve behaves in the following way. It re

mains positive throughout, reaching its lowest point at $733 when grad

uate enrollment is 3,207 FTE students. The predicted marginal costs 

for the lowest and highest enrollments, $16,039 and $30,620, respec

tively, are implausible; however, the predicted costs quickly become 

more plausible if slightly less extreme enrollment points are selected. 

For example, at the median point of the lowest enrollment quintile, 



Table 11. Regression Results for Research Institutions in a Partial 
Quadratic Cost Function 

78 

e f 

Variable 

L -202 0.09 

U 6,030 4.91* 

U2 -.15565 11.76** 

G 6,571 31.73** 

Za 

Constant -114,507,640 9.70** 

R2 .950 

Marginal Costs 

L $ -202 

U 3,552b 

G 6,571 

a. Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-3 for the estimated values of 
these variables. 

b. At mean, decreasing constantly. 

*£ < .05. 

**£ < .01. 
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Table 12. Regression Results for Doctoral Institutions in a Partial 
Cubic Cost Function 

B F 

Variable 

L 571 1.04 

U 2,106 8.99** 

G 20,001 4.73* 

G2 -6.0028 5.21* 

G3 .000624 7.75** 

Za 

Constant -38,284,170 3.52 

R2 .839 

Marginal Costs 

L $ 571 

U 2,106 

G l,507b 

a. Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-4 for the estimated values of 
these variables. 

b. At mean enrollment, U-shaped. 

*p < .05. 

**p < .01. 



1,265 FTE students, the predicted marginal cost is $7,810. At the 

median point of the highest enrollment quintile, 3,825 FTE students, the 

predicted marginal cost is $1,469. Although the U-shaped curve is 

somewhat narrow, it does appear to be plausible over most of the ob

served enrollment range. 

The same cannot be said for the predicted U-shaped curves for 

lower division enrollment. The series of partial cubic functions did not 

yield levels of statistical support higher than those shown in Table 10. 

More importantly, the predicted marginal costs continued to be negative 

at mean enrollment levels. It appears, then, that only the linear func

tional form provides plausible estimates for lower division enrollment: 

$1,027 in Table 8 and $571 in Table 12. 

Thus far, then, the results suggest that at doctoral institu

tions, lower division and upper division marginal costs are best 

approximated by a linear function, whereas a cubic function works best 

for graduate marginal costs. The linear and quadratic functions work 

best for graduate and upper division marginal costs, respectively, at 

research institutions. A plausible estimate for lower division marginal 

costs at research institutions has yet to be found. 

Table 13 shows the results of estimating the linear function with 

six interaction terms (Equation 9). An example of how marginal costs 

are calculated is as follows: the marginal cost of L at research insti

tutions = 5,861 + ((1,589,533 * (RES)*) * (4 x L3/4)) + ((-4,593,090 x 

G3^) t (4 x L3^)) + ((-941,766 x u^) * (4 x , using mean values 

for RES, L, G, and U. The results for research universities are sur

prising, as none of the interactions is significant, although G^U^ comes 
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Table 13. Regression Results for Research and Doctoral Institutions in 
an Interactive Cost Function 

Research Doctoral 

Variables 

L 5,861 2.07 678 0.02 

U -6,407 2.68 5,486 1.40 

G 2,116 .42 15,850 13.82** 

(RES)*L* 1,589,533 1.67 -50,617 .01 

(RES)*U* -1,102,811 .60 -1,627,918 4.33* 

(RES)*G* -626,090 .42 2,295,514 8.07** 

GM -4,593,090 1.89 -2,531,654 1.81 

G*U* 6,934,937 3.76 -1,832,915 .99 

U*L* -941,766 .35 2,077,942 5.46* 

Za 

Constant -142,989,430 10.70** 7,298,853 .04 

R2 .948 .794 

Marginal Costs 

L $ -1,042 $ -5,359 

U 3,173 1,352 

G 8,004 4,755 

a, Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-5 for the estimated values of 
these variables. 

b. At mean enrollment. 

*p < .05. 

**£ < .01. 
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close (.065 level). On the assumption that the lack of significance was 

at least partly the result of multicollinearity, a variety of alternative 

formulations such as changing the exponents on the interaction terms 

and using ratios for the enrollment terms were tested. No better 

results than those shown in Table 13 were obtained. Attempts to find 

significant interaction terms in higher order functions were also 

unsuccessful. Several interaction terms were significant for doctoral 

institutions. In addition, when interaction terms were constructed from 

square roots rather than quarter roots (not shown), became 

significantly less than zero. Various combinations of interactions were 

also added to the partial cubic function for doctoral institutions. The 

most successful combination is shown in Table 14, where the addition of 

the interaction terms increases the R2 value from 0.839 to 0.865. The 

interactions "draw off" some of the statistical support for the graduate 

enrollment terms, but the results are plausible. The graduate marginal 

cost estimate at mean enrollment increases from $1,507 in the partial 

cubic function to $3,158, the reason being, presumably, that graduate 

education tends to be more expensive in instances where the extent of 
a i  

research activity is greater. Adding the interaction (RES)2G2 allows 

the regression analysis to take this dimension of the production process 

into account. In contrast, the addition of the interaction terms lowers 

the marginal cost estimate for upper division enrollment from $2,106 to 

$1,328. Presumably, the underlying reality here is that upper division 

education is done at less cost when done in conjunction with graduate 

education and research activities. 
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Table 14. Regression Results for Doctoral Institutions in a Partial 
Cubic Cost Function with Interaction Terms 

Variable 

L 

U 

G 

G2 

G3 

(RES)*U* 

(RES)*G* 
i i 

G U2 

525 

8,541 

13,353 

-3.24866 

.00039 

-4,537 

8,294 

-12,304 

1.04 

5.04* 

1.24 

1.60 

3.13 

5.46* 

9.66** 

1.47 

Constant 

R2 

Marginal Costs 

L 

U 

G 

-36,472,076 

,865 

$ 525 

1,328 

3,158* 

3.61 

a. Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-6 for the estimated values of 
these variables. 

b. At mean enrollment, U-shaped. 

*p < .05. 

**» .01, 
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The analysis to this point suggests that either the multiplicative 

function, Equation 10, or the transcendental function, Equation 11, 

might be used to continue the analysis for research universities. As 

noted in the previous chapter, the appropriateness of the former 

depends on whether the marginal cost of one enrollment level increases 

or decreases in conjunction with an increase in another enrollment level. 

As Table 13 shows, no significant interaction terms were found for re

search institutions. Thus, there would seem to be no strong prohibi

tion against using either the multiplicative or transcendental functions. 

The results of estimating both models are shown in Table 15. Using L 

as an example, estimated marginal costs in the multiplicative function 

are calculated as follows: marginal cost = the estimated coefficient on 

In L x mean total instructional cost * mean lower division enrollment. 

The corresponding estimated marginal cost in the transcendental func

tion is calculated as follows: marginal cost = (the estimated coefficient 

on In L x mean total instructional cost * mean lower division enrollment) 

+ (the estimated coefficient on L x mean total instructional cost). The 

marginal cost estimates in the multiplicative model compare favorably 

with those shown in Table 11. In the latter, the partial quadratic form 

predicts a constant decline for upper division marginal costs as 

enrollment increases. The multiplicative model, by contrast, predicts 

that those costs will decrease at a decreasing rate as enrollment 

increases. The curve, then, becomes increasingly flat as the upper 

end of the enrollment range is approached. Such a curve perhaps has 

more intuitive appeal than one that declines constantly. The same 

might be said for the graduate and lower division marginal cost curves, 
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Table 15. Regression Results for Research Institutions in Multiplicative 
and Transcendental Cost Functions 

Multiplicative Transcendental 

F F 

Variable 

ln L 0.104287 0.95 0.233837 0.96 

ln u .406836 9.09** .326100 1.46 

ln G .486749 15.95** .616257 15.64** 

L -.000019 .53 

u .000006 .05 

G -.000026 .99 
za 

Constant 7.3619 59.26** 5.9909 18.07** 

Rz .952 .950 

Marginal Costs b 

L $ 661c $ 427d 

u 2,775c 2,670e 

G 6,009c 6,136f 

a. Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-7 for the estimated values of 
these v ariables. 

b. At mean enrollment. 

c. Decreasing at decreasing rate. 

d. Decreasing at decreasing rate until enrollment reaches 12,119, 
then becomes negative and decreases. 

e. Decreasing at decreasing rate until enrollment reaches 38,881, 
t hen increases at an increasing rate. 

f . Decreasing at decreasing rate until enrollment reaches 23,794, 
t hen becomes negative and decreases. 

*E < • 05. 

**E < .01. 
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which also decrease at a decreasing rate according to the multiplicative 

model in contrast to the straight horizontal lines predicted by the linear 

model. Although the estimate for lower division costs at mean 

enrollment, $661, is not significant, the F statistic is close to 1 and the 

estimate itself is plausible. 

As shown in Table 15, the marginal cost estimates provided by 

the transcendental function are not substantially different than those in 

the multiplicative model, at least at mean levels of enrollment. The 

transcendental component received little statistical support, perhaps 

because of multicollinearity. Both the lower division and graduate cost 

curves descend more steeply in this model than in the multiplicative 

function and eventually enter the region of negative marginal costs, 

although the latter behavior occurs within the observed enrollment 

range only for the lower division curve. 

Of the functional forms discussed in the previous chapter, the 

one remaining possibility is the translog cost function. It did not 

appear to be appropriate, however, for research institutions, at least 

as the function was developed for this study. All but one of the 12 

program variables would have been represented by a single proxy, the 

student-faculty ratio. Because many of the program variables were sta

tistically significant (Table 8), it seemed that the probability of omitting 

an important variable would be high. 

The situation for the doctoral institutions was quite different. 

The presence of significant interaction terms (Table 13) made the esti

mation of the multiplicative form questionable on a priori grounds but 

did not cause a problem for the translog or transcendental functions. 



Furthermore, the lack of significance among the program variables 

suggested that the risk of omitting an important variable in the translog 

function would be low, at least with respect to program emphasis. Ac

cordingly, several translog models and a transcendental model were 

estimated. Table 16 shows the results of estimating a translog model 

using first-order terms only. It was the only one in which the 

enrollment variables received statistical support, or, in other words, 

where the marginal costs estimates were fairly precise. Using L as an 

example, estimated marginal costs in the translog function are calculated 

as follows: marginal cost = ((the estimated coefficient on In L + (the 

estimated coefficient on In L In U x In U)) x total instruction cost * 

mean lower division enrollment. The estimates (not shown) in the more 

complex translog models (Equations 13 and 14), although less precise, 

were not substantially different than those shown in Table 16. 

The latter estimates are reasonable alternatives, it would seem, 

to the cost curves predicted by the linear and partial cubic functions 

(Tables 8 and 12, respectively). Lower and upper division marginal 

costs are constant in the latter models, whereas in the translog function 

shown in Table 16 both costs decrease at a decreasing rate as enroll

ment increases. Graduate marginal costs also decrease at a decreasing 

rate in the translog function. This behavior can be taken at face 

value, so to speak, as an alternative to the constant cost behavior of 

the linear function, but not so with respect to the U-shaped behavior 

predicted by the cubic function. The form of the first-order translog 

function is such that constant costs can be predicted, but a U-shaped 

curve cannot be predicted. The exponentially decreasing curve could 



Table 16. Regression Results for Doctoral Institutions in a First-order 
Translog Cost Function 

Variable 

In L 

In u 
In G 

In L In u 
In w 
In T 

RES 

MED 

FFS 

Constant 

ft2 

Marginal 

L 

u 
G 

Costs a 

a. At mean enrollment. 

1.45704 

1.77083 

.175031 

-.149941 

1.22799 

-.113149 

.000007 

.000453 

-.025097 

-12,9024 

.790 

$ 821b 

2,635b 

2,072b 

b. Decreasing at a decreasing rate. 

*E < • 05. 

**E < • 01. 

F 

1.85 

2.50 

6.92* 

1.34 

21.43** 

.34 

3.10 

16.97** 

.20 

1.82 

88 



simply be cutting across the U-shaped scatter of data points. Such an 

approximation to the "true" model can be statistically significant, as it 

is in Table 16, just as the linear approximation is in Table 8. 

Second- and third-order graduate enrollment terms were added 

to the first-order translog function in order to test in another way for 

the cost behavior predicted by the partial cubic function (Table 12). 

The results are shown in Table 17. Although not significant, the coef

ficients on the graduate enrollment terms do receive some statistical 

support and they show the expected +, -, + sequence of signs. The 

graduate marginal cost curve derived from this function declines rapidly 

at low enrollment levels, reaches a minimum prior to mean enrollment, 

and then gradually increases over the remaining portion of observed 

enrollments. Such a curve would seem to offer a plausible alternative 

to the narrow U-shaped curve predicted by the partial cubic function. 

Figures 3 and 4 display the marginal cost estimates for research 

and doctoral institutions, respectively. It should be emphasized that, 

although the curves are extended over most of the range of observed 

enrollments, they become less trustworthy as the distance from the 

mean increases. In order to perform the calculations needed to derive, 

for example, the estimated lower division curves, it must be assumed 

that the other variables remain at their mean values throughout the 

range of lower division enrollments. For some variables such as the 

state price index, this is obviously a plausible assumption. For other 

variables such as upper division enrollment, the assumption becomes 

less plausible as the distance from the mean increases. Thus, marginal 
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Table 17. Regression Results for Doctoral Institutions in a First-order 
Translog Cost Function with Higher Order Graduate Terms 

0 F 

Variable 

In L 0.201522 3.28 

In U 2.39934 4.28* 

In L In U -.21966 2.69 

In G 13.3103 2.56 

(In G)2 -1.846 2.66 

(In G)3 .085583 2.86 

In W 1.2359 22.28** 

In T -.12665 .44 

RES .000007 2.28 

MED .000450 17.31** 

FFS .005117 .01 

Constant -48.7851 4.33* 

R2 .828 

Marginal Costsa 

L $ 632b 

U 2,738b 

G 1,774° 

a. At mean enrollment. 

b. Decreasing at a decreasing rate. 

c. Roughly U-shape. 

*£ < .05. 

**£ < .01. 
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cost estimates at some distance from the mean may be seriously 

distorted . 
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The results for research institutions can be summarized as 

follows. Although statistically significant estimates for lower division 

marginal costs were not found, the multiplicative function did provide a 

plausible estimate. The transcendental function did so as well for part 

of the observed range of enrollment. The estimated curves are shown 

in Figure 3a. For a considerable enrollment area about the mean, esti

mated marginal costs range between about $550 and $1,000. The esti

mates change very little in the multiplicative function for enrollments 

beyond the mean. Both functions predict that marginal costs decline 

substantially when enrollment increases at very low levels of enrollment. 

All th r ee upper division cost curves shown in Figure 3b are derived 

from significant estimates. Being significant, the higher order curves 

(lines B and C) have precedence over the linear model, and they both 

shown declining costs. Although the higher order curves provide dif

ferent point estimates at mean enrollment ( 8, 058 FTE students), they 

suggest a rather similar rate of decline in the immediate vicinity of the 

mean but rather different rates at the enrollment extremes. Upper 

division marginal costs are estimated to be two to four times as high as 

lower division costs over much of their respective enrollment ranges. 

Graduate marginal cost estimates differed very little at mean enrollment 

( 4, 452 FTE students), ranging from $6,009 to $6,550 in three of the 

cost curves displayed in Figure 3c. The curve predicted by the multi

plicative model, line B in Figure 3c, was the highest order graduate 

cost cur ve to be statistically significant. The quadratic curve, line D, 
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declines much less steeply but was not significant. Around their 

respective mean enrollments, graduate marginal costs are 12 times 

higher than lower division enrollments. The ratio tends to decrease as 

the distance from mean enrollment increases and is considerably smaller 

at high enrollments. 

The results for doctoral institutions may be summarized as fol

lows. For lower division enrollment, none of the curves in Figure 4a is 

significant, but all received some statistical support. For enrollments 

greater than the mean (6,363 FTE students) estimated marginal costs 

are between about $600 and $1,000. For enrollments less than the 

mean, marginal costs are estimated to range from $1,000 to $2,500, 

decreasing at a decreasing rate as enrollment increases. In Figure 4b, 

lines A, B, and C are based on significant estimates for upper division 

marginal costs. It appears that the decline in marginal costs is 

somewhat steeper for upper division than for lower division. Upper 

division marginal costs are generally not less than $2,000 and are 

$2,500 or more for enrollments that are less than the mean (5,287 FTE 

students). Of the four curves shown in Figure 4c, three, lines A, B, 

and C, are based on significant estimates of graduate marginal costs. 

Together the four curves present a somewhat perplexing picture; line 

B, which is derived from the cubic function, has formal precedence as 

the highest order function with significant estimates. The rapidity of 

the change in marginal costs shown in this curve does not seem plaus

ible, though, on the basis of possible scale effects alone. The third-

order translog curve, line D, though not significant, might be the most 

plausible. Only a couple of institutions lie in the enrollment range of 
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less than about 900 FTE students where the rate of change in line D is 

severe. The bulk of the enrollment range in line D is characterized by 

gradually rising costs. 

Comprehensive and Baccalaureate Institutions 

Comprehensive institutions offer extensive graduate education, 

but the latter is confined by and large to the master's degree level. 

Thus it might be expected that graduate marginal costs at these insti

tutions will be less than comparable costs at doctoral-oriented 

institutions. Curricula at comprehensive institutions are still fairly 

broad , but a heavy proportion of students are concentrated in the 

business and education fields. As Table 7 indicates, those two areas 

accounted for almost half of the total degrees awarded by comprehensive 

institutions in 1977--1978. Such a heavy concentration in what are 

usually considered relatively low cost areas of the curriculum could 

keep marginal costs relatively low at the upper division and graduate 

levels. 

Baccalaureate institutions offer a relatively restricted curricu

lum, providing on average about half as many degree programs as the 

compr ehensive institutions. Graduate education is conducted at about 

40 percent of the baccalaureate institutions but is usually confined to a 

few programs. Nearly 60 percent of all earned degrees at these insti

tutions in 1977-1978 were in education, business, or the social sciences. 

Baccalaureate institutions are the only. type of four-year institutions in 

which lower division enrollment is substantially larger than upper 

division enrollment. On average, about 62 percent of the students are 
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relatively small enrollments overall, the preponderance of lower division 

students may serve to keep the latter's marginal costs low, whereas 

upper division marginal costs may be relatively high, if scale economies 

and diseconomies are operative. 

In the initial regression analyses for comprehensive and bac

calaureate institutions, it was found that the magnitude of the estimated 

error term, or residual, increased as the size of the institutions being 

analyzed increased. Such systematic behavior on the part of the 

residuals, known as heteroscedasticity, violates a basic assumption of 

the regression technique, namely, that the residuals are to behave in a 

random fashion. This particular way of failing to meet that assumption 

does not result in biased estimators. However, it does destroy the 

usefulness of the customary tests for statistical significance. The F 

ratio, for example, may be over- or understated. Clearly, valid tests 

for the statistical significance are needed in a study such as the pres

ent one in which curve fitting is an essential part of the methodology 

employed. 

Visual examination of residual plots was the primary means of 

detecting heteroscedasticity in this study, with the quantitative proce

dure developed by Goldfield and Quandt (1965) used as occasional sup

plement. Verry and Davies (1976, p. 152) relied entirely on visual 

analysis, noting that the properties of the various rigorous tests for 

heteroscedasticity are not yet fully understood. 

A customary way of treating heteroscedasticity is to scale the 

variables in the regression equations. Several deflators were tried for 

the comprehensive and baccalaureate samples. The square root of total 
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FTE enrollment proved to be reasonably effective in handling the prob-

lem in both samples. All variables were scaled on that basis. No seal-

ing took place when logarithmic transformations of cost or enrollment 

v ariables were used. These transformations themselves provided an 

alternative way of overcoming heteroscedasticity in instances where the 

underlying functional forms were otherwise appropriate. 

Scaling the variables can alter the estimating equation in some-

what different ways. Suppose the original equation were 

Y. = a + a.X. = u. 
1 0 1 1 1 

(23) 

where u. is the error term for the ith observation. If heteroscedas-
1 

ticity should take the form where the variance of the ith observation is 

proportional to t he square of the explanatory variable, or 

Var(u.) = a2X.2 
1 1 

then t he appropriate treatment is to divide each term by X. Thus the 

equation that is estimated is 

Y. /X. = a /X. + a. + u'., where u. = u'./X. 
11 01 1 1 1 11 

(24) 

As a result of the treatment, the variance of the error term in Equation 

24 is con stant: 

Var{u.) = Var{u./X.) = (1/X.') Var(u.) = o2 
1 1 1 1 1 

Note that Equation 24 is estimated with a constant term, as was true for 

the or i ginal model (Equation 23). If the residuals in the latter are 
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heteroscedastic with variance proportional to k, where k is not equal to 

X2, the equation in deflated variables would be 

Y./k* = aQ/k* + a1X./ki + u'., where u'j = u./k* (25) 

In this case, the appropriate technique is to estimate an equation with 

the reciprocal of the deflator added as a variable and no constant term 

in the regression (Maddala, 1977). 

Scaling the variables is performed in order to get more efficient 

estimates of the parameters. For other purposes such as the prediction 

of future values, an equation in scaled variables is inappropriate. 

Thus, in all tables in this study the reported R2 values have been ob

tained by regressing the original dependent variable, Y, on the pre

dicted value Y', rather than, for example, Y/X on Y'/X. In the case 

of logarithmic transformations, the reported R2 values are also 

obtained by regressing Y on Y', where Y' is the antilog of the values 

predicted by the equation in logs. 

Although scaling the variables in a regression equation does not 

alter the algebraic relationships between the variables, scaling is not 

innocuous. One unintended result is that the estimated marginal effects 

may differ from those produced by nonscaled equations. In instances 

where there is collinearity between the independent variables, as is the 

case in the present study, the differences can be substantial (Verry 

and Davies, 1976). 
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The results of estimating the linear model for the comprehensive 

and baccalaureate samples are shown in Table 18. The model obviously 

works well in a statistical sense for comprehensive institutions, as all 

three enrollment coefficients are highly significant. The only question 

about the estimates themselves would seem to be whether it is reason

able to believe that graduate marginal costs, $1,287, could be consider

ably less than upper division marginal costs, $2,205. A combination of 

scale economies, emphasis on master's rather than doctoral level gradu

ate education, and proportionately few students in high-cost program 

areas could, perhaps, account for such relatively low graduate marginal 

costs. 

The linear model is also effective for baccalaureate institutions. 

The three enrollment coefficients are significant, and their respective 

magnitudes, $1,047, $1,503, and $2,356 for L, U, and G, respectively, 

are plausible. The relatively high marginal costs for graduate students 

may well be due to scale diseconomies, as the graduate programs at 

these institutions are typically quite small. Upper division marginal 

costs are the lowest among the four-year institutions in the sample, 

whereas lower division marginal costs are relatively high from that 

perspective. 

Other results of interest include the following. Average faculty 

compensation, which for the most part was not significant for the 

nationally oriented research and doctoral institutions, is now highly sig

nificant for the more regionally oriented comprehensive and baccalaure

ate institutions. The comprehensive institutions stand out as the only 

four-year schools for which the number of degree programs is a 
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Table 18. Regression Results for Comprehensive and Baccalaureate 
Institutions in a Linear Cost Function 

Variable 

Comprehensive 

e 

Baccalaureate 

Enrollment 

L 759 

U 2,205 

G 1,287 

Factor Price 

W 544 

SPI -1,924 

Program 

AG -168 

BIO 943 

BUS 142 

ED 308 

EN 269 

FA 371 

HTH 775 

LAN -1,932 

LAW 392 

MED 13,733 

PHY 134 

SOC 546 

Other Controls 

RES 

NP 

FFS 

TBI 

Constant 

a 

-8 

23,861 

250,581 

1,461,685 

-13,890,142 

28.30** 

134.44** 

13.38** 

87.37** 

.01 

. 21  

4.94* 

.57 

4.13* 

.94 

.34 

6.29* 

1.54 

.59 

106.96** 

.14 

2.76 

.05 

8.66** 

.99 

9.90** 

32.29** 

1,047 

1,503 

2,356 

177 

2,354 

10 

-306 

-26  

-155 

0190 

200 

-77 

-569 

-388 

-128 

-16 

113 

1,103 

181,298 

301,302 

-2,396,761 

a 

27.18** 

27.21** 

4.76* 

15.30** 

.05 

< . 0 1  

2.78 

. 11  

7.50** 

3.46 

1 . 8 2  

. 1 0  

1.05 

1.32 

.32 

. 02  

9.17** 

.02 

1.27 

2.19 

5.58* 



Table 18. Regression Results for Comprehensive and Baccalaureate 
Institutions in a Linear Cost Function--Continued 

Variable 

Marginal Costs 

L 

u 
G 

Comprehensive 

8 

$ 759 

2,205 

1,287 

.928 

F 

Baccalaureate 

8 

$ 1,047 

1,503 

2,356 

.840 

F 

a. Multiply program variables by 10,000 to get actual values. 

*.E < • 05. 

**.E < • 01. 

101 
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significant variable. Other things being equal, the model predicts that 

the "start-up" cost of an additional academic program is $23,861. In

structional costs at comprehensive, traditionally black institutions 

appear to be relatively high. The model predicts that their expendi

tures for instruction are about $1,461,685 higher, on average, than for 

comparable institutions. There is a significant, positive relationship at 

baccalaureate institutions between expenditures for sponsored research 

per full-time faculty and total instructional costs. This is the only 

instance among the four- year institutions in which the research 

variable had much impact within a linear function. More typically, 

significant coefficients involving the research variable have occurred in 

the context of interaction terms or interaction equations. Among the 

program variables, first professional medical education clearly has a 

major impact on instructional costs at comprehensive institutions. The 

significant, positive coefficients for programs in education at both types 

of institutions perhaps reflect the recent enrollment declines in this 

field. 

Tables 19 and 20 show the results of estimating quadratic and 

cubic cost functions, respectively. Overall, there is very little evi

dence for nonconstant marginal costs for either comprehensive or bac

calaureate institutions. There is some statistical support in the 

quadratic function for constantly increasing upper division costs at 

comprehensive institutions. In the cubic function, those same costs 

first increase (at a decreasing rate) and then fall as enrollment in

creases, producing an inverted U-shaped curve. Apart from those 
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Table 19. Regression Results for Comprehensive and Baccalaureate 
Institutions in a Quadratic Cost Function 

Comprehensive Baccalaureate 

3 

Variable 

L 989 11.01** 574 2.20 

L2 -.0180 .23 .1490 2.09 

U 1,530 17.13** 2,101 14.79** 

U2 .0778 4.09* -.3080 1.88 

G 1,584 6.57* 2,344 1.42 

G2 -.1622 .67 .9964 .03 

Za 

Constant -14,409,288 33.39** -2,239,044 4.75* 

R2 .926 .842 
I. 

Marginal Costs 

L $ 868 $ 1,004 

U 1,932 1,598 

G 1,332 2,481 

a. Z is a vector including factor prices, program emphasis and 
other controls. See Appendix A, Table A-8 for the estimated values of 
these variables. 

b. At mean enrollment. 

*p < .05. 

**p < .01. 
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Table 20. Regression Results for Comprehensive and Baccalaureate 
Institutions in a Cubic Cost Function 

Comprehensive 

B 

Baccalaureate 

Variable 

L 

L2 

L3 

U 

U2 

u3 

G 

G2 

G3 

Za 

Constant 

R2 

1,438 

-.08040 

.00000 

-250 

.56909 

-.00003 

2,423 

-.91529 

.00014 

-13,839,228 

,932 

Marginal Costs 

L 

U 

G 

$ 897 

2,069c 

1,254' 

6.83** 

.23 

< . 0 1  

.18 

18.05** 

14.51** 

4.82* 

1.28 

.96 

320 

.32760 

.00003 

1,322 

.45531 

.00017 

3,466 

-8.26542 

.01125 

30.64** -2,103,386 

.846 

$ 1,079 

1,726( 

2,486( 

. 12  

.48 

. 2 6  

.97 

.15 

.48 

1.27 

. 2 6  

.71 

3.74 

a. Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-9 for the estimated values of 
these variables. 

b. At mean enrollment. 

c. U-shape. 

d. Inverted U-shape. 

*£ < .05. 

**£ < .01. 
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upper division curves, marginal costs appear to be constant for the 

remaining types of enrollment. 

Further efforts to find nonconstant marginal costs with additive 

functions met with limited success. Table 21 shows the results of iso

lating the partial cubic function for upper division costs at comprehen

sive institutions. The first-degree term is now a little stronger 

statistically and no longer negative, but the curve still has an inverted 

U shape. The curve reaches its maximum at an enrollment of 4,724 FTE 

students, at which point the marginal cost is $2,356. Only 21 of the 

225 comprehensive institutions in the sample have enrollments larger 

than 4,724, so most of the institutions fall within the range where mar

ginal costs are increasing at a decreasing rate. Statistical support for 

other combinations of second- and third-degree terms was not found. 

Interestingly, an equation with a fourth-degree term was supported. 

As Table 22 shows, lower division marginal costs at baccalaureate insti

tutions can be successfully approximated by a fourth-degree function in 

which, as enrollment increase, marginal costs first decrease, then in

crease, and then decrease once again, at varying rates. The result is 

a tilted S-shaped curve with both a minimum and a maximum point. 

The former is reached when enrollment is about 1,150 FTE students and 

the marginal cost is only about $430. The maximum is reached at about 

3,700 students when the marginal cost is about $4,895. Only 3 of the 

105 institutions in the sample have enrollments larger than 3,700, how

ever, so almost all of the baccalaureate institutions operate within the 

range where lower division marginal costs behave in a conventional U-

shaped fashion. 



Table 21. Regression Results for Comprehensive Institutions in a 
Partial Cubic Cost Function 
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3 F 

Variables 

L 909 31.31** 

U 347 .46 

U2 .42519 13.74** 

U3 -.00003 11.03** 

G 1,167 11.40** 

Za 

Constant -12,800,324 28.56** 

R2 .932 

Marginal Costs 

L $ 909 

U l,943b 

G 1,167 

a. Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-10 for the estimated values 
of these variables. 

b. At mean enrollment, inverted U-shape. 

*p < .05. 

**p < .01. 



Table 22. Regression Results for Baccalaureate Institutions in a 
Partial Fourth-degree Cost Function 

Variable 

L 

L2 

L3 

L4 

u 
U2 

G 

za 
Constant 

Marginal Costs 

L 

u 
G 

s 

3,942 

-3.42421 

.00133 

-.00000015 

2,399 

-.48422 

2,564 

-2,712,527 

$ 565b . 

1,608c 

2,564 

F 

8.29** 

7.95** 

10.37** 

11.29** 

21.16** 

4.97* 

6.05* 

7.02** 

107 

a . Z is a vector including factor prices, program emphasis, and 
ot her controls. See Appendix A, Table A -11 for the estimated values 
of these variables. 

b . At mean enrollment, S-shaped. 

c . At mean enrollment, decreasing at a constant rate. 

*E. < • 05. 

**E. < • 01. 
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As noted earlier, scaling the variables in a regression equation 

can affect the estimates of marginal costs. The effects here are as 

follows . For comprehensive institutions the estimates using scaled vari-

abies (Table 18) are $759, $2,205, and $1,287 for L, U, and G, respec-

tively. In contrast, the estimates using nonscaled variables (not 

shown) are $685, $2,355, and $758, respectively. The difference, 

then , for graduate marginal costs is substantial. For baccalaureate 

institutions the scaled estimates (Table 18) are $1,047, $1,503, and 

$2, 356 for L, U, and G, respectively, whereas the non scaled estimates 

(not shown) are $1, 187, $1,175, and $2,284, respectively. In this 

case, the difference for upper division costs is the most substantial. 

Scaling did not affect the essential shape of the cost curves. Using 

non scaled variables, the only higher order curves to be statistically 

support ed were the same as those when scaled variables were used. 

Table 23 shows the results of adding interaction terms to the 

linear cost function. Four of the six interaction terms for comprehen-

sive institutions are significant, compared to two for baccalaureate 
1 1 

institutions. The coefficient for the interaction (RES) 2 G2 is significant-

ly greater than zero for comprehensive institutions, as it was for 

research and doctoral institutions. For the latter institutions, the 
l l 

interaction of graduate with lower division enrollment G2 L 2 failed to be 

significantly less than zero. The pattern remains the same for com pre-

hensive and baccalaureate institutions. None of the interaction terms 
l l ! l 1 1 

that involve just the enrollment variables, i.e., G2 U2
, G L 2

, and U2 L2
, 

are significant for baccalaureate institutions. Thus there is no reason 

on that basis not to estimate the multiplicative function for the 
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Table 23. Regression Results for Comprehensive and Baccalaureate 
Institutions in a Linear, Interactive Cost Function 

Comprehensive Baccalaureate 

Variable 

L 635 .71 1,557 3.92 

U 6,129 17.39** 1,331 .64 

G 3,385 6.35* 2,700 .71 

(RES)V 1,528 8.12** 91 .03 

(RESHU£ -1,815 8.01** 2,477 6.30* 
(RES)V 800 3,50 -1,617 4.58* 
G U 7,317 11.29** -4,725 2.04 

G*L* 3,619 4.97* 3,390 2.25 

U*L* -2,388 1.59 -588 .07 

Za 

Constant -12,570,605 26.73** -1,990,798 4.08* 

R2 .936 .846 
y. 

Marginal Costs 

L $ 785 $ 1,100 

U 1,907 1,489 

G 1,777 2,446 

a. Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-12 for the estimated values 
of these variables. 

b. At mean enrollment. 

*p < .05. 

**p < .01. 
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baccalaureate sample. By contrast, there are both positive and nega-
i 1 11 

tive terms, G L2 and G U , respectively, that are significant for com

prehensive institutions. Thus the more general transcendental and 

translog functions would seem appropriate for the latter. 

The multiplicative cost function worked well statistically for 

baccalaureate institutions, as the three enrollment coefficients were esti

mated with precision. The results are shown in Table 24. The three 

marginal cost curves decline at a decreasing rate. They yield cost 

estimates for enrollments near the mean that are generally similar to 

those in the linear function, except in the case of graduate enrollments. 

In the latter instance, the multiplicative model predicts very rapidly 

declining costs, so much so that the estimate at mean enrollment is less 

than half of that in the linear function. This disparity is of modest 

importance, though, as graduate education is of little consequence for 

overall instructional costs at baccalaureate institutions. More important 

is the finding in the multiplicative model that lower division and upper 

division marginal costs are virtually the same near their respective mean 

levels of enrollment. The upper division curve drops more sharply, 

though, which suggests that scale effects are more important at the 

upper division level, other than for enrollments close to the mean. To 

put it another way, schools with less than mean upper division enroll

ment appear, on average, to have excess capacity at that level of 

instruction and could lower their unit costs substantially by adding 

additional students. The same is apparently true for graduate unit 

costs. 
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Table 24. Regression Results for Baccalaureate Institutions in a 
Multiplicative Cost Function 

e f 

Variables 

In L .504087 51.13** 

In U .293474 29.54** 

In G .021925 4.17* 

Za 

Constant 8.5325 357.33** 

R2 .849 

Marginal Costs 

L $ l,233c 

U l,268c 

G l,089c 

a. Z is a vector including factor prices, program emphasis, and 
other controls. See Appendix A, Table A-13 for the estimated values 
of these variables. 

b. At mean enrollment. 

c. Decreasing at a decreasing rate. 

*£ < .05. 

**£ < .01. 
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Table 25 shows the results of estimating a transcendental and a 

translog function for comprehensive institutions. In the former, the 

marginal cost estimates at mean enrollment are quite similar for lower 

and upper divisions to results in previous models, especially the linear 

version (Table 18). Interestingly, the transcendental results are 

virtually identical to those in the linear, nonscaled model mentioned 

earlier (but not shown). The transcendental model allows for curva

ture, however, and the estimated function yields three rather different 

curves; lower division marginal costs decrease gradually at a decreas

ing rate, upper division marginal costs move in a wide U shape, and 

graduate marginal costs decline sharply at an increasing rate as enroll

ment increases. 

Graduate and lower division marginal costs are almost twice 

as high in the translog function as in the linear model, whereas upper 

division costs are about $500 lower. Of course, the translog and linear 

models differ not only in terms of functional form but also with respect 

to the variables they contain. Interestingly, the student-faculty ratio, 

T, which replaces the program vector in the translog model, performs 

quite well. It is inversely related to instructional costs, as expected, 

and is highly significant. Finally, the translog function predicts that 

upper division marginal costs increase at a decreasing rate as enroll

ment increases, which is in accord with the findings in the cubic func

tion (Table 21) for much of the observed enrollment range. 

A summary of the results for comprehensive institutions is 

displayed in Figure 5. Throughout Figure 5, the translog curve has 

deliberately not been extended over the entire enrollment range in 



Table 25. Regression Results for Comprehensive Institutions in a 
Translog and a Transcendental Cost Function 

113 

Translog Transcendental 

Variable g F g F 

Enrollment 

In L .747444 10.00** .225599 39.04** 

(In L)2 .088231 51.31** 

L .000001 <.01 

In U .007275 .01 .423504 63.30** 

(In U)2 .153664 14.17** 

U .000030 2.15 

In G .642039 11.92** .154578 24.69** 

(In G)2 .024178 3.56 

G -.000128 8.51** 

In G In L -.032825 .76 

In G In U -.068587 3.38 

In U In L -.195308 15.19** 

Factor Prices 

In W 1.13936 199.65** 

W .000071 143.57** 

SPI -.003560 4.84* 

Programs 

In T -.676151 160.76** 

AG -.696222 3.64 

BIO 1.466795 8.35** 

BUS -.018934 .01 

ED .053961 .11 

EN .412925 2.50 

FA 1.264484 3.85 

HTH .905956 9.08** 

LAN -1.085605 .54 
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Table 25. Regression Results for Comprehensive Institutions in a 
Translog and a Transcendental Cost Function--Continued 

Translog 

Variab le f3 F 

Programs--(con . ) 

LAW 

MED 5.05045 53.64** 

PHY 
soc 

Other Controls 

RES .000007 16.41** 

NP 

FFS .025519 1.75 

TBI .064180 2.61 

Constant -2.10613 2.62 

R2 .960 

Marginal Cost a 

L $ 1,408b 

u 1,627c 

G 2,259b 

a. At mean enrollment. 

b. Decreasing at a decreasing rate. 

c. Increasing a t a decreasing rate. 

d. U-shaped. 

e. Decreasing at an increasing rate. 

*E < • 05. 

**E < • 01. 

Transcendental 

f3 F 

1.618490 7.29** 

6.156163 38.75** 

-.110309 .05 

.199000 .32 

.000002 .42 

.002234 8.75** 

-.011847 .23 

.244835 22.54** 

8.559572 456.48** 

.938 

$ 753b 

2,152d 

789e 
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order to highlight the possibility of distorted marginal cost estimates 

near the enrollment extremes. Significant interaction terms in the 

translog function are the primary reason for this concern. 

All four lower division cost curves shown in Figure 5a are 

based on significant estimates. The higher order models indicate that 

lower division marginal costs decline as enrollment increases, with most 

of the decline occurring prior to mean enrollment. Linear estimates in 

two models and the transcendental estimate at mean enrollment ranged 

between $718 and $852, compared to the corresponding estimate of 

$1,408 in the translog model. Conceivably, the latter is underspecified 

and the magnitude of the estimate is reflecting in part the influence of 

an omitted variable. The higher magnitude may also be the result of 

holding the student-faculty ratio, T, constant in the translog function. 

In so doing, the primary means for achieving economies of scale is 

eliminated. In contrast to the downward slope of lower division costs, 

upper division costs apparently increase as enrollment increases. The 

three curves shown in Figure 5b are based on significant estimates. 

The inverted U-shaped curve, line B, is derived from the highest order 

function. Based on line B, more than 90 percent of the institutions lie 

in the enrollment range where marginal costs are increasing at a 

decreasing rate and about 80 percent of the institutions lie in the 

enrollment range where marginal costs are between $1,000 and $2,350. 

Both graduate cost curves shown in Figure 5c are based on significant* 

estimates. The translog curve, which is derived from the higher order 

function, shows marginal costs declining fairly rapidly around the 

enrollment mean. Except for low enrollments, the range of graduate 
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marginal costs is rather similar to the range for upper division costs. 

It appears as though graduate marginal costs are less than lower divi

sion marginal costs when the corresponding enrollments are high. 

The results for baccalaureate institutions may be summarized 

as follows. All three lower division cost curves shown in Figure 6a are 

based on significant marginal cost estimates. Both higher order 

curves, lines B and C, show declining costs over the low enrollment 

range. The fourth-degree curve, line B, which has precedence, indi

cates that marginal costs begin to increase at enrollments slightly below 

the mean. About 84 percent of the institutions lie within the enrollment 

range of 500 to 2,500 FTE students. Within that range, marginal costs 

vary greatly according to the fourth-degree curve, being as low as 

about $400 to as high as about $2,400. It appears that upper division 

marginal costs also vary considerably with enrollment. The linear and 

multiplicative curves, lines A and C in Figure 6b, respectively, are 

based on significant estimates. According to the multiplicative curve, 

which has precedence, marginal costs decline modestly in the vicinity of 

the enrollment mean (817 FTE students). At the mean itself, the three 

upper division curves in Figure 6b provide marginal cost estimates 

ranging from $1,278 to $1,598. Both graduate marginal cost curves 

shown in Figure 6c are based on significant estimates. Marginal costs 

at the enrollment mean (69 FTE students) are $1,089 according to the 

multiplicative function, line B, compared to $2,356 using the linear 

function, line A. Both estimates should be viewed with caution, par

ticularly at enrollment levels other than those near the mean. 
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Two-year Institutions 

Of the 1,280 institutions in this study 842 confer at least 75 

percent of their degrees for two years of work. Only 3 percent of the 

latter group referred to here as "two-year institutions," had 10 or more 

students registered at the upper division level in 1977-1978. Thus, in 

contrast to the four-year institutions, differences in enrollment by level 

or instruction are not an important means of distinguishing two-year 

institutions from one another. Rather, the distinguishing feature, at 

least with respect to instruction, appears to be the nature of the cur

riculum offered by the respective institutions. It is on that basis that 

the NCHEMS classification system divides the two-year institutions into 

the following three types. "Technical" institutions, as they will be 

called in this study, concentrate heavily on specific occupational pro

grams. Less than 20 percent of their degrees are awarded in academic 

areas. "Academic" institutions, which embody the original junior college 

concept, award 90 percent of their degrees in academic areas. Com

prehensive" institutions, which typify the more recent community college 

concept, award a substantial portion of their degrees in both academic 

and occupational fields. Technical and comprehensive institutions make 

up about 96 percent of the two-year institutions in this study. Ac

cordingly attention will be focused somewhat on those two groups, with 

the academic institutions serving more as a point of reference. Only 

four of the two-year institutions were traditionally black schools, so no 

attempt was made to include that institutional characteristic in the 

analysis. 
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Table 26 displays the means and standard deviations of the var-

variables used in the regression analysis for two-year institutions. The 

comprehensive institutions are typically the largest in size, having, on 

average, three to four times the FTE enrollment of academic institutions 

and half again as many FTE students as technical institutions. Compre

hensive institutions also have the largest proportion of part-time stu

dents. Differences in average faculty compensation and the state price 

index indicate that the comprehensive institutions tend to be more heav

ily concentrated in industrialized states. Differences in programs em

phasis, as measured by the proportion of degrees earned in eight areas 

of study, are about as expected in view of the classification system. 

The concentration of students in technical or occupational areas is pre

sumably the reason why the student-faculty ratio is the lowest at tech

nical institutions. Comprehensive institutions apparently combine a 

mixed curriculum with ample numbers of students to achieve a relatively 

high student-faculty ratio. Dividing instructional costs by FTE enroll

ment results in average costs of $1,443 for technical institutions, $1,226 

for comprehensive institutions, and $1,238 for academic institutions. 

As noted earlier, one of the advantages of a cross-sectional 

analysis is that it often captures a wide range of behavior. This was 

clearly the case with respect to enrollments, as technical institutions in 

the study range in size from 182 to 10,250 FTE students, comprehensive 

institutions from 175 to 15,867, and academic institutions from 107 to 

2,064. In all three samples, however, the observations are clustered 

near the low end of the enrollment range. Not surprisingly heterosce-

dasticity was a problem. 



Table 26. Means and Standard Deviations of Regression Variables for Two-year Institutions 

Technical Comprehensive Academic 

Regression Variables Mean SD Mean SD Mean SD 

Instructional Costs $2,486,955 $2,756,372 $3,332,726 $3,049,098 $812,314 $381,418 

FTE 1,786 1,834 2,943 2,838 768 439 

Full-time Enrollment 1,312 1,283 1,819 1,662 578 325 

Part-time Enrollment 1,061 1,937 2,424 3,148 386 305 

Average Faculty 
Compensation $16,517 $3,206 $19,096 $4,118 $16.353 $2,984 

State Price Index 102.4 8.78 106.2 9.55 95.1 8.1 

Number of Degree 
Programs 19 11 19 12 3.4 3.3 

Traditionally Black 
Institutions .0045 .0673 .0051 .0714 0 0 

Located in Formula 
Funding States .4525 .4989 . 4181 .4937 .6000 .4971 

Proportion in Degrees 
Earned in: 

Arts and Sciences .0628 .0825 .4334 .1598 .8556 .1773 
Business .2557 .1487 .1742 .0912 .0555 .1122 
Data Processing .0295 .0501 .0162 .0221 .0016 .0047 
Health .1548 .1557 .0859 .0808 .0239 .0588 
Mechanics .3010 .1961 .1042 .0964 .0148 .0288 
Natural Science .0585 .0947 .0332 .0552 .0045 .0129 
Nursing .0576 .1159 .0717 .0799 .0116 .0415 
Public Service .0802 .1009 .0814 .0743 .0325 .0764 

FTE Enrollment/ 
Full-time Faculty 21.67 7.11 27.27 18.85 23.42 7.40 t-' 

1:...:> 
t-' 
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When raw data were used in a linear cost function, the variance 

of the error term in the regression equation increased as FTE enroll

ment increased for both technical and comprehensive institutions. 

Homoscedasticity was restored by scaling the variables in additive 

functions and by using a logarithmic transformation in estimating mul

tiplicative functions. The deflating variable for technical institutions 

was the sum of full-time enrollment plus one-half of part-time enroll

ment. The deflating variable for comprehensive institutions was full

t ime enrollment. 

In the initial portion of the analysis of two-year institutions, 

t h e focus was on the relationship between FTE enrollment and instruc

t ional costs. In the second portion, the respective marginal effects of 

full-time and part-time enrollments on instructional costs were esti

mat ed. On the basis of the average instructional cost data previously 

mentioned, the expectation might be that technical institutions would 

have the highest marginal costs. In view of the great range of enroll

ment and the relatively ample sizes of two of the samples, it might also 

be expected that marginal costs would vary, in a statistically significant 

way, with enrollment size. Finally, because full-time students require 

more input from the production process than do part-time students, 

i.e. , the former take more courses than the latter, it would be ex

pected that marginal costs for full-time students would be considerably 

greater than those for part-time students. Looking ahead, the first 

and third of these expectations were generally met. The second was 

only partially met, as surprisingly little curvature was found. 
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Full-time Equivalent Enrollment 

Table 27 shows the results of estimating a linear function in 

which total instructional costs were regressed on total FTE enrollment 

and 12 control variables. As expected, marginal costs at technical 

institutions are the highest. The substantial differences between the 

three costs are perhaps surprising. Marginal costs at technical insti

tutions are nearly twice those at academic institutions, whereas the 

average costs at technical institutions are only about 17 percent larger. 

The enrollment variables for all three samples are highly significant, a 

reflection, in part, perhaps, of the relative lack of multicollinearity in 

the estimated equations at least with respect to the enrollment vari

ables . 

Other results of interest in Table 27 are as follows. Average 

faculty compensation, W, is highly significant; however, the values for 

technical and comprehensive institutions, $45 and $40, respectively, are 

surprisingly low. The figures represent the additions to total instruc

tional cost that accompany a $1 increase in W. Because the mean 

number of full-time faculty is 83 and 106, respectively, at these insti

tutions, we would have expected changes in total costs to be closer to 

$83 and $106. In both estimating equations, it turns out, there is a 

high degree of multicollinearity involving W and several other control 

variables. Under such conditions, scaling the variables can make a 

considerable difference in their estimated coefficients. In the nonscaled 

models (not shown), the estimates for W were much higher: $186 for 

technical institutions and $93 for comprehensive institutions. Under the 

circumstances, it is best not to make too much of the estimates for W in 



Table 27. Regression Results for for Two-year Institutions in a Linear Cost Function 

Technical Comprehensive Academic 

Variable B F B F B F - -

Enrollment 

E 1,320 613.95* 973 1204.78** 676 34.82** 

Factor Prices 

w 45 17.99** 40 40.52** 37 3.61 

SPI -6,021 8.77* -11,883 27.14** -7,165 7.38* 

Program a 

AS -474 1.99 -- -- -322 .14 

BUS -152 1.27 -286 3.28* 

EDP -602 1.83 -327 .13 3,063 .08 

HLTH -149 2.18 152 .55 -612 .38 

MECH -- -- 290 3.20* -1,618 .61 

NSCI 292 1.67 102 .19 -4,708 1.61 

NOR 35,662 6.19* 47,010 20.25** -434 .10 

PS 16 .01 350 2.16 -992 .95 

Other Controls 

PR 10,148,524 20.08** 10,966,971 11.16** 2,199,789 .01 

FFS -94,651 3.31 6,973 .03 14,166 .01 
....... 
tv 
~ 



Table 27. Regression Results for for Two-year Institutions in a Linear Cost Function—Continued 

Technical Comprehensive Academic 

Variable g F 8 F 6 F 

Other Controls (con.) 

Constant -103,994 .18 583,761 6.35* 714,746 .52 

R2 .864 .888 .560 

Marginal Costs 

$ 1,320 $ 972 $ 676 

a. Multiply program coefficients by 1,000 to get actual values. 

*p < .05. 

**p < .01. 
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Table 27, except in the case of academic institutions where the estimate 

of $37 (for 32 faculty) changes very little from model to model. The 

state price index, SPI, is statistically significant for the first time, and 

it is so for all three types of two-year institutions. The sign on SPI, 

however, is the opposite of what would be expected. The negative sign 

indicates that the higher the price index, the lower the instructional 

costs, other things being equal. Such a state of affairs simply could 

not be the case if, in fact, everything were being taken into account 

and if the price index actually represented the price of the factors of 

production. The price index may well be correlated with an important 

omitted variable and thus be representing something other than the 

prices of inputs to the educational process. This issue will be dis

cussed in Chapter 5. Among other results of interest, it appears that 

the program variables contributed very little to the explained variation 

in institutional costs at academic institutions, perhaps because curricula 

differ very little from one academic institution to another. The ratio of 

the number of degree programs to the number of FTE students is sig

nificant for technical and comprehensive institutions. The higher the 

ratio, the higher the instructional costs, other things being equal. 

Finally, the dummy variable for location in a formula funding state re

ceives some statistical support in the case of technical and comprehen

sive institutions, with the former spending relatively less when in a 

formula funding state and the latter spending relatively more when 

similarly located, other things being equal. 

Table 28 shows the results of estimating a quadratic cost func

tion. The quadratic term is significant only for comprehensive 



Table 28. Regression Results for Two-year Institutions in a Quadratic Cost Function 

Variable 

Variable 

E 

E2 

X a 

Constant 

R2 

Marginal Costsb 

Technical 

B 

1,373 

-.0155 

-158,412 

.859 

$ 1,318c 

F 

211.56** 

.48 

.38 

Comprehensive 

B 

1,112 

-.0192 

521,909 

.896 

$ 999c 

F 

473.50** 

10.50** 

5.11* 

Academic 

B 

650 

.0131 

701,958 

.540 

$ 670d 

F 

2.19 

.81 

.16 

a. X is a vector including factor prices, program emphasis and other controls. See Appendix 
A, Table A-14 for the estimated values of these variables. 

b. At mean enrollment. 

c. Decreasing constantly. 

d. Increasing constantly. 

*E < • 05. 

**E < .01. 
1-" 
tv 
-::J 
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institutions. The predicted constant decline in marginal costs is rather 

gradual, being about $38 per 1,000 FTE students. Table 29 shows the 

results of estimating a cubic cost function. There is some statistical 

support for a U-shaped curve for technical institutions. The curve 

reaches its minimum marginal cost of $1,124 at 3,750 FTE students, 

compared to $1,240 at the mean enrollment of 1,786 FTE students. At 

the enrollment extremes, 182 FTE students and 10,250 FTE students, 

marginal costs are $1,506 and $2,390, respectively. 

Scaling the variables apparently did not have a great impact on 

the results. Marginal cost estimates based on the scaled linear function 

(Table 27) were $1,320 and $972 for technical and comprehensive 

institutions, respectively, compared to $1,354 and $931, respectively, 

using raw data. Using raw data in a cubic function yielded a U-shaped 

curve for technical institutions similar to that produced by scaled data; 

however, it did suggest an inverted U-shaped curve for comprehensive 

institutions that was not found with scaled data. 

Table 30 shows the results of estimating a multiplicative func

tion. Marginal costs at technical institutions are estimated to be vir

tually constant, differing only a total of $6 from the lowest to the 

highest observed enrollment. Estimated marginal costs at comprehensive 

institutions decrease at a decreasing rate over the enrollment range. 

At the lowest observed enrollment, 175 FTE students, estimated costs 

are $1,336 compared to $1,027 at mean enrollment, 2,943 FTE students, 

and $877 at the highest observed enrollment, 15,867 FTE students. 

Estimated marginal costs at academic institutions also decrease at a 

decreasing rate. They decrease rapidly from a high of $1,397 at 107 



Table 29. Regression Results for Two-year Institutions in a Cubic Cost Function 

Technical 

Variable 

Comprehensive Academic 

e 

Variable 

E 

E2 

E3 

Xa 

Constant 

R2 

I  Marginal Costs 

1,546 106.94** 

-.11258 2.66 

.00001 

-277,218 

2 . 2 1  

1.07 

.878 

1,095 192.93** 

-.01396 .49 

.0000003 .05 

304 .07 

.389142 .11 

-.000115 .10 

531,011 5.20* 705,922 .45 

.896 .519 

$ 1,240 $ 1,004 $ 699 

a. X is a vector including factor prices, program emphasis and other controls. See Appendix 
A, Table A-15 for the estimated values of these variables. 

b. At mean enrollment. c. U-shape. d. Decreasing. e. Inverted U-shape. 

*p < .05. 

**p < .01. 



Table 30. Regression Results for Two-year Institutions in a Multiplicative Cost Function 

Technical Comprehensive Academic 

Variables 3 F £ 

Enrollment 

In E 

Factor Prices 

W 
SPI 

Programs 

AS 
BUS 
EDP 
HLTH 
MECH 
NSCI 
NUR 
PS 

Other Controls 

PR 
FFS 
Constant 

1.000875 1,118.65** .906519 1,917.56** 

.000054 
-.004402 

-.776507 
-.310813 
-.914606 
-.357775 

.281121 

.274901 

.196163 

18.554030 
-.069313 
6.73287 

a R2 

Marginal Costs 

$1,394 

.903 

b 

49.90** 
7.89** 

10.48** 
5.13* 
5.17* 
7.23* 

1.88 
2.76 
1.10 

44.00** 
2 . 8 2  

625.00** 

.000033 
-.003668 

-.346036 
-.145989 

.277409 

.428474 

.265121 

.083905 
-.059115 

14.2718 
.049154 

7.34546 

.892 

65.45** 
5.24* 

7.73** 
. 08  

3.96* 
10.05** 

1.66 
.36 
.14 

19.18** 
4.17* 

1,212.90** 

.596555 

.000039 
-.007273 

.440592 
8.046275 
-.477595 

-1.926371 
-5.535909 
-.170081 
-.754399 

.021978 

.224925 
9.73652 

.527 

27.33** 

2.05 
4.16* 

.14 

.31 

.15 

.53 
1.22 

.01 

.72 

< . 0 1  
.02 

146.65** 

$1,027 $63r 

a. At mean enrollment. 

*p < .05. **p < .01. 

b. Virtually constant. c. Decreasing at a decreasing rate. 
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FTE students, the lowest observed enrollment, to $631 at mean enroll

ment, 768 FTE students, to $423 at 2,064 FTE students, the highest 

observed enrollment. 

For enrollments in the vicinity of the mean, the estimated mar

ginal costs based on the multiplicative function are quite similar to 

those based on the additive function. In addition, the decline in 

marginal cost predicted by the multiplicative function for comprehensive 

institutions is in general accord with the corresponding constant decline 

predicted by the quadratic model. On the other hand, for technical 

institutions, the virtually constant marginal cost curve derived from the 

multiplicative function cuts across the U-shaped curve derived from the 

cubic function. 

The coefficients for the control variables are also shown in 

Table 30, because of several interesting differences from the corres

ponding results in the linear model (Table 27). Average faculty com

pensation, W, is again significant; however, the estimates of the 

impact on total costs of an additional $1 in compensation are now $134 

and $110, respectively, for technical and comprehensive institutions, 

compared to only $45 and $40 in the linear model. Multicollinearity does 

not appear to be a problem in the multiplicative model, so the estimates 

for W in Table 30 appear to be the most reliable of those provided in 

this study for comprehensive and technical institutions. As such, it is 

of interest to note that at comprehensive institutions, which make up 

two-thirds of all public two-year colleges, higher faculty compensation 

is not associated with additions to total instructional cost other than 

those attributable to the compensation itself. By contrast, at technical 
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institutions, a $1 increase in average faculty compensation for 83 

faculty adds $134 to total cost. Similarly, for comprehensive four-year 

institutions, a $1 increase in average compensation for 330 faculty adds 

$538 to total costs (Table 18); for baccalaureate institutions the cor

responding figures are 76 and $173 (Table 18). Other noteworthy dif

ferences between the control variables in Table 30 and those in the 

linear model (Table 27) are as follows. The proportion of degrees 

awarded in nursing is no longer significant for comprehensive institu

tions. The program variables do better in a statistical sense for 

technical institutions than they did in the linear model. Finally, the 

formula funding variable is now statistically significant (p <.01) for 

comprehensive institutions. The model estimates that institutions in 

states emphasizing formula funding are spending, on average, about 

$163,816 more for instruction than comparable institutions in non-

formula states. At the mean, that dollar figure constitutes a difference 

in instructional expenditures of about 4.9 percent. 

Table 31 shows the results of estimating a first-order translog 

function. The estimated marginal cost curve for technical institutions 

increases at an increasing rate in this model, a behavior which re

sembles the rising cost portion of the U-shaped curve derived from the 

cubic function. The estimated marginal cost for academic institutions is 

considerably higher at the mean than in previous functions. The 

student-faculty ratio is a highly significant variable for all three types 

of institutions and has the expected negative sign. The translog func

tion estimates that technical institutions located in formula funding 



Table 31. Regression Results for Two-year Institutions in a First-order Translog Cost Function 

Technical 

Variable 8 

In E 1.026884 

In W .580034 

In T -.736214 

FFS -.075485 

Constant 3.669124 

f{2 .946 

Marginal Costsa 

$1,430b 

a. At mean enrollment 

F -

1,843.72** 

36.74** 

177.72** 

5.61* 

17.97** 

b. Increasing at a decreasing rate. 

c. Decreasing at a decreasing rate. 

*12. < • 05. 

**12. < .01. 

Comprehensive Academic 

8 F 8 F - -

.973462 5,263.50** .906864 73.14** 

.579669 112.15** .293549 1.02 

-.605243 373.65** -.830240 19.18** 

.003299 .03 .063849 .38 

3.53556 51.70** 7.317352 6.68* 

.935 .706 

$1,102c $959c 

1-" 
c,..;l 
c,..;l 
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states spend about $185,000 less than comparable schools in other 

states. 

The results of estimating the translog function can be manipu

lated to reveal other aspects of the cost structure of two-year 

institutions. The inclusion of T, the student-faculty ratio, in the 

regression equation means, of course, that the ratio is held constant at 

the mean. In other words, the marginal cost estimates shown in Table 

31 are the costs of additional students when the institutions add faculty 

in proportion to an increase in enrollment. Estimates of marginal costs 

when changes in the number of faculty do not accompany changes in 

the number of students can also be obtained from the translog model. 

Recall that T is full-time equivalent enrollment, E, divided by 

the number of full-time faculty, F; so In T is In (E/F), which is 

equivalent to In E - In F. The original translog equation shown in 

Table 31 can thus be restated by substitution as 

In C = aQ + a^ln E + agin W + a^Cln E - In F) + a^(FFS) 

and then by collecting terms as 

In C = a„ + (a. + an) In E + a0ln W - a„ln F + a„(FFS) O 1 o  o  6  4 

The number of full-time faculty is now held constant in the model. The 

corresponding marginal cost estimate can be calculated as follows, using 

the estimated coefficients for technical institutions (Table 31): 

ax + a3 = 1.0269 - .7362 = .2907 

and 
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.2907($2,486,955/1786) = $405 

Thus, when the number of full-time faculty is held constant, the cost 

of an additional student is only $405 compared to $1,430 when the 

student-faculty ratio is held constant. Holding faculty constant for 

comprehensive and academic institutions results in marginal cost esti

mates of $417 and $81, respectively. 

The marginal cost estimates from Tables 31 and 30 and those 

just calculated show the results of holding constant the student-faculty 

ratio, program emphasis, and the number of full-time faculty, respec

tively. For the three types of two-year institutions, those estimates 

are as follows: technical, $1,430, $1,394, and $405; comprehensive, 

$1,102, $1,027, and $417; and academic $959, $631, and $81. If these 

estimates are taken at face value, it could be inferred from the simi

larity of the estimates in Tables 31 and 30 for technical institutions that 

at these institutions the student-faculty ratio does not change much 

across the enrollment range, at least when controlling for differences in 

program emphasis. On the same basis, it would appear that the ratio 

changes a bit more at comprehensive institutions, and considerably more 

at academic institutions. These results are not surprising in view of 

the respective underlying production relationships that generally are 

the norm at those types of institutions. The estimates also indicate 

that non-full-time faculty costs attributable to an additional student are 

virtually the same for technical and comprehensive institutions. The 

fact that their costs (about $400) are much higher than those at 

academic institutions (about $80) suggests that they are more inclined, 
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or have greater need, to hire part-time faculty than are the academic 

institutions. Of course, without part-time faculty data in the analysis, 

such interpretations should be viewed with caution. 

Other translog equations were estimated, but without success. 

In one version, second-order enrollment terms were added to the 

first-order translog function. The second-order terms received some 

statistical support, but none was close to being significant. In another 

version, the price and technology variables, W and T, respectively, 

were interacted with first- and second-order enrollment terms. In this 

instance, very few coefficients were significant for any of the three 

samples. A transcendental function was also estimated, but with 

equally little success as none of the transcendental terms was 

significant. 

The results of the marginal cost estimates for FTE enrollment at 

two-year institutions are summarized in Figure 7. The horizontal axis 

extends over the full range of observed enrollments in each case except 

for comprehensive institutions, where 7 of the 585 institutions have 

enrollments in excess of 13,000 FTE students. Overall, it appears that 

marginal costs tend to change very little in association with changes in 

enrollment. The U-shaped curve for technical institutions, line B in 

Figure 7a, is an exception, but the curve is not based on significant 

estimates and may reflect the undue influence of a few exceptionally 

large institutions. It could be argued that the curves based on the 

multiplicative function, line C in Figures 7a, 7b, and 7c, are the best 

choice for each of the three institutions. In each case, these curves 

are based on highly significant estimates, they are not affected by 
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possible problems due to scaling, they are based on full information (in 

terms of the variables used in the study), and they lead to plausible 

cost behavior. As shown in Figure 7, however, the multiplicative cost 

cu rves differ very little from the linear curves, except for academic 

institutions. Indeed, for technical institutions, the two curves are 

virtually identical. 

Full-time and Part-time Enrollment 

In the final portion of the analysis of two-year institutions, 

marginal costs were estimated for full-time and part-time enrollment. 

Instead of using a composite FTE enrollment figure as the proxy for 

ou tput, simple headcount totals for full-time and part-time enrollment 

were inserted into the regression equations as if they were distinct out

puts. As shown in Table 26, part-time students make up a sizeable 

portion of the enrollments at all three types of two-year institutions. 

Indeed, on a head count basis, they outnumber the full-time students at 

comprehensive institutions. Clearly, it should cost less to provide 

instructional services for an additional part-time student than for an 

additional full-time student. How much less is one of the questions to 

b e addressed here. Other questions include whether those respective 

marginal costs vary with the level of full-time and part-time enrollment, 

and whether it is more or less costly to jointly produce these two "out

puts." 

The analysis begins in the customary way with the linear func

tions. As shown in Table 32, estimated marginal costs for full-time 

enrollment are considerably greater than for part-time enrollment at 



Table 32. Regression Results for Full-time and Part-time Enrollment at Two-year Institutions in a 
Linear Cost Functions 

Technical Comprehensive Academic 

Variable £5 F 6 F 6 

Ef 1,604 427.00** 1,121 413.72** 506 4.62* 

E 178 5.00* 323 195.72** 508 3.72 

X8 

Constant -171,997 .46 220,736 .76 485,447 1.48 

R2 .857 .875 .517 

Marginal Costs 

Ef $ 1,604 $ 1,121 $ 506 

E 178 323 508 
P 

a. X is a vector including factor prices, program emphasis, and other controls. See Appendix 
A, Table A-16 for the estimated values of these variables. 

*p < . 05. 

**p < .01. 
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technical and comprehensive institutions, but the costs are nearly the 

same at academic institutions. The ratio of full-time to part-time mar

ginal costs is about 9 at technical institutions and about 3.5 at compre

hensive institutions. These ratios may be sufficiently large to enable a 

typical institution to produce a given level of FTE enrollment at less 

cost by increasing the proportion of part-time enrollment within the FTE 

total. Table 33 shows that this does indeed appear to be the case. 

The cost function used to generate the results shown in Table 33 was 

the multiplicative model used above for two-year institutions (Table 30), 

but with the addition of the PT/FTE term, that is, the proportion of 

part-time students within FTE enrollment. The coefficients on the 

latter term are significantly less than zero for both technical and com

prehensive institutions, indicating that lower instructional costs are 

associated with higher proportions of part-time students, other things 

being equal. The corresponding relationship for academic institutions is 

direct rather than inverse. Although the coefficient on the ratio is not 

significant, it appears that part-time students play a rather different 

role at academic institutions, as was also suggested in the linear model. 

Quadratic and cubic cost functions were estimated for full-time 

and part-time enrollment. The second-order term for part-time enroll

ment at comprehensive institutions was statistically significant, and 

there was some additional statistical support for nonconstant costs as 

can be seen from the results shown in Table 34. The changes in mar

ginal costs are rather gradual for technical and comprehensive insti

tutions. For example, estimated marginal costs for full-time students 

decrease by $73 per 1,000 students for technical institutions, and 



Table 33. Regression Results for Full-time and Part-time Enrollment at Two-year Institutions in a 
Multiplicative Cost Function 

Technical Comprehensive Academic 

Variable 8 F 8 F 8 F - - -

ln E 1.011060 1,201.54** .910849 1,941.28** .664384 29.79** 

PT/FTE -.187623 13.88** -.069328 6.50* .339699 1.97 

xa 

Constant 6.679784 656.67** 7.36975 1,239.74** 9.296543 120.72** 

R2 .912 .896 .532 

Marginal Costsb 

$1,408c $1,031c $703c 

a. X is a vector including factor prices, program emphasis, and other controls. See Appendix 
A, Table A-17 for the estimated values of these variables. 

b. At mean enrollment. 

c. Decreasing at a decreasing rate. 

*E. < • 05. 

**E. < .01. 

1--" 
~ 
1--" 



Table 34. Regression Results for Full-time and Part-time Enrollment at Two-year Institutions in a 
Quadratic Cost Function 

Technical Comprehensive Academic 

Variable B F 6 F 6 F 

Ef 
1 ,693 161 .34** 994 131.56** 1,120 3. 20 

V -.03662 .67 .04342 4.20* -.450101 1. 18 

E 
P 

E 2 

P 
Xa 

81 

.02852 2 

.60 

.10 

434 

-.01437 

146.47** 

17.56** 

-29 

.510839 

<. 

1. 

01 

01 

E 
P 

E 2 

P 
Xa 

Constant -200 ,663 .57 298 ,839 1.42 448,958 1. 22 

R2 .870 .878 .502 

Marginal Costs 

Ef 
E 

P 

$ 1 ,597C 

142d 

$ 1 ,152d 

364C 

$ 600C 

365d 

a. X is a vector including factor prices, program emphasis, and other controls. See Appendix 
A, Table A-18 for the estimated values of these variables. 

b. At mean enrollment. c. Decreasing. d. Increasing. 

*p < . 05. 

**p < .01. 
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increase by $87 per 1,000 students for comprehensive institutions. By 

contrast, those same costs decrease by $900 per 1,000 students at aca

demic institutions. Interestingly, at each institution the direction of 

the change in marginal costs for full-time students is counteracted, so 

to speak, by a change in the opposite direction in the marginal costs of 

part-time students. 

The interaction effect between full-time and part-time enrollment 

is shown in Table 35. The negative coefficients indicate that the two 

enrollments are produced more cheaply when produced together. The 

interaction terms are significant for technical and comprehensive insti

tutions. The net impact on marginal costs is quite similar across the 

three samples. The negative signs on the interaction terms suggest 

that the transcendental function would be preferable to the multiplica

tive function as another way of looking for curvature in the two types 

of enrollment. 

Table 36 shows the results of estimating the transcendental 

function. Statistically, the model works best for comprehensive institu

tions. For the latter, the estimated coefficients result in U-shaped 

marginal cost curves for both full-time and part-time enrollment. The 

estimated curve for full-time enrollment reaches its minimum at about 

6,000 students and a marginal cost of $1,118. The estimated curve for 

part-time enrollment reaches its minimum at about 25,000 students 

(beyond the observed range) and a marginal cost of $69. Both curves 

change rapidly at low enrollment levels but change very little around 

the mean and at higher enrollments. At technical institutions, the esti

mated marginal cost of full-time enrollment decreases at a decreasing 



Table 35. Regression Results for Full-time and Part-time Enrollment at Two-year Institutions in an 
Interactive Cost Function 

Technical Comprehensive Academic 

Variable e F 6 F F 

Ef 
1,808 234.89** 1,498 151.29** 1,714 4.76* 

EP 
642 8.64** 621 65.12** 2,230 4.10* 

E/E * 
f P 

xa 

-733 5.18* -666 12.96* -2,831 2.58 

Constant -54,529 .05 247,480 1.14 86,845 .04 

R2 .866 .869 .550 

Marginal Costs'3 

Ef 
$ 1,117 $1,114 $ 557 

E 
P 

234 334 498 

a. X is a vector including factor prices, program emphasis, and other controls. See Appendix 
A, Table A-19 for the estimated values of these variables. 

b. At mean enrollment. 

*p < .05. 

**p < .01. 



Table 36. Regression Results for Full-time and Part-time Enrollment at Two-year Institutions in a 
Transcendental Cost Function 

Technical Comprehensive Academic 

Variable B F 3 F B F 

In Ef .891050 245.02** .673556 344.10** .266745 1.46 

E, 
-.000023 C

O
 

C
O

 

.000024 1.96 .000208 .17 

I n E  .003646 

C
O

 o
 .105287 43.30** -.188357 3.24 

Jr 

E n .000041 7.17* .000007 .90 .001040 6.27* 

X 

Constant 7.66566 316.81** 8.36944 877.34** 11.6682 106.78** 

R2 .917 .874 .343 

Marginal Costs*5 

Ef 
$ 1,633° $ l,314d $ 544d 

E 
P 

122d 168d 449e 

a. X is a vector including factor prices, program emphasis, and other controls. See Appendix 
A, Table A-20 for the estimated values of these variables. 

b. At mean enrollment. c. Decreasing at a decreasing rate. d. U-shape. 

e. Increasing at an increasing rate. 

*p < .05. 

**p < .01. 
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rate throughout the range of observed enrollments, dropping below 

$1,000 at the highest enrollments, whereas the estimated marginal cost 

of part-time enrollment forms a shallow U-shaped curve, which reaches 

a minimum at 1,394 students and a cost of $110. At academic institu

tions, the estimated marginal cost of full-time enrollment forms a shallow 

U-shaped curve, which reaches its minimum at about 1,000 students and 

a cost of about $475. The minimum point is well beyond the mean 

enrollment of 578 students, so most institutions are within the enroll

ment range where the marginal cost of full-time enrollment is decreasing 

at a decreasing rate. The estimated marginal cost of part-time enroll

ments at academic institutions increases at an increasing rate, exceeding 

$1,500 at the upper limit of observed enrollments. 

The findings for full-time and part-time marginal costs at tech

nical institutions are summarized in Figure 8. The marginal costs for 

full-time enrollment appear to decline as enrollment increases. Although 

only the linear estimate, line A in Figure 8a, is statistically significant, 

the non-transcendental component in the transcendental function is 

highly significant, which suggests that the fairly rapid initial decline in 

marginal cost, as shown by line C in Figure 8a, can be taken seriously. 

The marginal cost of part-time enrollment appears to change very little 

across the range of observed enrollments. There is some statistical 

support for the gradually rising costs shown by line C in Figure 8b. 

Conceivably, it is the tendency of full-time costs to decline coupled 

with the tendency of part-time costs to rise that results in virtually 

constant FTE costs. 
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Figure 9 summarizes the estimated marginal costs for full-time 

and part-time enrollments at comprehensive institutions. The linear 

estimates are statistically significant for both types of enrollment. For 

full-time students, marginal costs appear to be constant at around 

$1,100 for enrollment levels at or beyond the mean. For lower enroll

ments, the transcendental curve, Line C in Figure 9a, suggests high 

marginal costs, but the estimated costs decline rapidly as enrollment 

increases. For part-time students, the higher order functions suggest 

a very gradual decline in marginal costs over most of the enrollment 

range. The transcendental function, line C in Figure 9b, has preced

ence; on that basis, it appears that the marginal cost for a part-time 

student is typically around $200. 

Marginal cost estimates for full-time enrollment at academic 

institutions are significant only in the linear function, as shown by line 

A in Figure 10a. There is some statistical support for declining costs 

as enrollments increase up to mean enrollment. Both cost curves on 

Figure 10b received some statistical support, but they are in accord on 

the marginal cost of enrollment only in the vicinity of mean enrollment. 

The transcendental function has precedence as the higher order curve. 

It is not apparent, though, why the marginal costs of full-time enroll

ment should accelerate so rapidly. It may be that larger full-time 

enrollments are correlated with other institutional characteristics not 

included in the regression equation. 
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Marginal versus Average Costs 

As noted at the outset of this chapter, comparing marginal and 

average costs is an easier task for two-year institutions than it is for 

four-year institutions. The comparison in both instances is complicated 

by the absence of theoretically prescribed forms for the cost function. 

That absence results in a series, rather than a single set, of marginal 

cost estimates being available for a comparison with average costs. The 

comparison in the case of four-year institutions is then further compli

cated by the multiproduct nature of their output. Unless total costs 

are allocated to the respective products, i.e., levels of enrollment, it is 

not possible to calculate the average costs of the respective products. 

Unfortunately, such allocated cost data are not available for the national 

samples used in this study. Previous studies using allocated costs have 

established likely weights for the outputs, however, and these weights 

can be used in conjunction with total cost data to generate estimates of 

average costs at mean enrollments. 

Four-year Institutions 

According to James (1978, p. 171), studies using costs allocated 

by level of instruction have found that instructional costs per student 

for graduate education range from 2.15 to 6 times as high as those same 

costs for undergraduate education; similarly, average costs for upper 

division range from 1.4 to 2 times that of average lower division costs. 

Bowen (1980) cited some 15 previous cost studies as the basis for the 

weights used in his recent work on costs in higher education. As dis

cussed in the literature review, his definition of instructional costs is 
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broader than that employed here, but the weights are still useful as 

rough approximations. With respect to the enrollment categories in the 

present study, the relevant weights used by Bowen (1980, p. 265) are: 

graduate students beyond first year, 3: first-year graduate students, 

2.1; upper division, 1.5; and lower division, 1. Although the distinc

tion between first-year and more advanced graduate students has not 

been explicitly employed here, it has been implicitly involved in the 

analysis through the classification system. Specifically, most graduate 

students at baccalaureate and comprehensive institutions are not at an 

advanced level, whereas substantial portions of the graduate students 

at research and doctoral institutions are at an advanced level of study. 

The weights, or ratios, for relative costs per level of instruc

tion can be used to derive average cost data in the following way, 

assigning lower division students a weight of 1: 

1. Weighted number of students = (number of graduate students x 

weight for graduate students) + (number of upper division students x 

weight for upper division students) + number of lower division 

students. 

2. Average cost per lower division students = (total instructional 

costs)/(weighted number of students). 

3. Average cost per graduate student = (weight for graduate stu

dents) x (average cost per lower division student). 

4. Average cost per upper division student = (weight for upper 

division students) x (average cost per lower division student). 

The data used for total instructional costs and the number of students 

at each level are the respective means for a given type of institution. 
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Using the above procedure, various sets of average cost figures can be 

generated, depending on the weights assigned to graduate and upper 

division students. 

Tables 37 and 38 show several sets of average cost figures de

rived in the above manner (Columns A, B, and C). The weights 

assigned are as indicated. Note that for each type of institution there 

is also one set of weights (used for Column D) that is based on the 

ratios in a set of marginal cost estimates. Several of the latter 

estimates are included in Tables 37 and 38 to facilitate the intended 

comparison. For each type of institution, the marginal cost estimates 

from the linear model are shown in Column E, whereas Columns F and G 

contain other statistically successful estimates. It would appear that 

the estimates from the linear model are the most appropriate to compare 

to average costs because the procedure for deriving the latter is limited 

to producing constant average cost figures. In any case, the compari

sons should be made with great caution, and they should be interpreted 

as being merely suggestive of what the actual relationships are between 

marginal and average costs. 

For research institutions, as shown in Table 37, the weighting 

schemes based on previous cost studies lead to average cost figures for 

lower division that are considerably higher than the corresponding esti

mated marginal costs, whereas the average costs for graduate and 

upper divisions are considerably lower than the corresponding estimated 

marginal costs. This pattern is unique to research institutions among 

the four-year institutions in this study. It suggests that if research 

institutions were to experience an enrollment decline at the lower 
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Table 37. Comparison of Marginal and Average Costs for Research and 
Doctoral Institutions 

Enroll- Average Costs Marginal Costs 

ment 

Level A B C D E F G 

Research Institutions 

L $l,067a $l,290b $1,452° $ 445d $ -90e $ 661f $ 427ff 

U 2,134 2,580 2,128 2,804 2,550 2,775 2,679 

G 6,402 5,162 5,808 6,408 6,550 6,009 6,136 

Doctoral Institutions 

L 940a l,118b l,237h 1,239* l,027e 525] 821k 

U 1,880 2,236 2,164 2,230 1,846 1,328 2,635 

G 5,640 4,472 4,330 5,204 4,315 3,158 2,072 

a. W  =  
G  

6 ;  W  =  
w u  

2. 

b. w  =  
G  4 ;  w  =  

w u  
2. 

c. W  =  
G  4 :  w  =  

w u  1 . 5 .  

d. W  =  
G  

=  1 4 . 1 ;  w =  6 . 3  (weights taken from corresponding 

transcendental MC model). 

e. Linear (Table 8). 

f. Multiplicative (Table 15). 

g. Transcendental (Table 15). 

h. WQ = 3.5; W0 = 1.75. 

i. Wq = 4.2; Wy = 1.8 (weights taken from corresponding 

linear MC model). 

j. Cubic (Table 14). 

k. Translog (Table 16). 
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Table 38. Comparison of Marginal and Average Costs for 
Comprehensive and Baccalaureate Institutions 

Enroll- Average Costs Marginal Costs 

merit 

Level A B C D E F G 

Comprehensive Institutions 

L $l,158a $l,207b $1,260° $ 909d $ 759e $ 909f $ 753g 

U 1,736 1,810 1,890 2,637 2,205 1,943 2,152 

G 3,474 3,018 2,520 1,546 1,287 1,167 789 

Baccalaureate Institutions 

L 1,258° 1,357H 1.4201 1,274* l,047e 565k 1,223* 

U 1,887 1,696 1,633 1,835 1,503 1,608 1,268 

G 2,116 2,714 2,130 2,803 2,356 2,564 1,089 

a. W„ = 3; WT1 = 1.5. 
u u 

b. WQ = 2.5 WD = 1.5. 

c .  W Q  = 2 :  W y  =  1 . 5 .  

d. Wq = 1.7; Wy = 2.9 (weights taken from corresponding 

linear MC model). 

e. Linear (Table 18). 

f. Multiplicative (Table 21). 

g. Transcendental (Table 25). 

h .  W Q  = 2 ;  W j j  =  1 . 2 5 .  

i. WQ = 1.5; W0 = 1.15. 

j. WG = 2.2; Wjj = 1.44 (weights taken from corresponding 

linear MC model). 

k. Fourth-degree (Table 22). 

1. Multiplicative (Table 24). 
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division level and lose funding on an average cost per student basis, 

they would suffer financial harm, other things being equal. A similar 

situation does not appear to be true for upper division and graduate 

enrollment. For total FTE enrollment, these data suggest that average 

and marginal costs are probably about equal. There is support for this 

conclusion in the marginal cost estimates in the multiplicative model, 

Table 15, where the sum of the coefficients on the enrollment terms 

represents the ratio of marginal to average costs. As the sum is 

0. 9979, there is apparently very little difference between marginal and 

average costs for total FTE enrollment. 

For doctoral institutions, two of the weighting schemes, 

Columns B and C in Table 37, provide average cost figures that are 

modestly higher for all levels of enrollment than the corresponding 

marginal cost estimates in the linear model. The largest single differ

ence is about 17 percent for upper division costs. That is, comparing 

Columns B and E, marginal costs are about 83 percent as large as aver

age costs for upper division instruction. 

Comprehensive institutions, as shown in Table 38, provide the 

widest divergence between the marginal costs estimated in this study 

and the average costs derived from the weighting schemes taken from 

previou s studies. As can be seen by comparing Columns A, B, or C 

with Column E in Table 38, there are very large differences between 

average and marginal costs for graduate students. If the weights for 

average costs are set equivalent to the ratios of the estimated marginal 

costs in the linear function, the resulting average costs, Column D, are 

about 17 percent higher than the corresponding marginal costs in 
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Column E. That percentage difference reflects the estimated difference 

between marginal and average costs with respect to total FTE enroll

ment. It happens to be very close to the corresponding difference for 

doctoral institutions, which is also about 17 percent (comparing Columns 

D and E in Table 37). 

For baccalaureate institutions, as shown in Table 38, the ratios 

between the estimated marginal costs are rather close to the average 

cost ratios found in previous studies. Lower and upper division 

marginal costs are always less than the corresponding average costs, 

whereas the relationship for graduate marginal costs depends on the 

weights employed in deriving the average costs. The corresponding 

figures in Column E are about 81.5 percent of those in Column D, 

which means that for baccalaureate institutions the difference between 

marginal and average costs with respect to total FTE enrollment is 

slightly greater than it is for doctoral and comprehensive institutions. 

The multiplicative function (Table 24) for baccalaureate institutions 

provides a similar estimate for the same comparisons, as the sum of the 

enrollment coefficients is 0.819, indicating that marginal costs are 81.9 

percent of average costs on a total FTE enrollment basis. 

The above data suggest that with respect to total FTE enroll

ment, the baccalaureate institutions have the most and research insti

tutions the least "leverage" in terms of the gap between average and 

marginal costs. In other words, if funded on an average cost per stu

dent basis, baccalaureate institutions have the most to gain or lose 

financially through an enrollment increase or decrease, respectively. 

Conversely, research institutions appear to have the least to gain or 
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lose with respect to overall enrollment. The gap between average and 

marginal costs with respect to total enrollment is only slightly less for 

doctoral and comprehensive institutions than it is for baccalaureate 

institutions; thus, it would seem that a large majority of four-year 

institutions are, on average, in a position to be adversely affected 

financially by the combination of declining enrollment and average cost 

funding. The situation with respect to the individual levels of instruc

tion is much more difficult to assess in terms of the available data. 

The data do seem to suggest that research institutions might be partic

ularly sensitive, in a financial sense, to enrollment changes at the lower 

division level in the context of average cost funding. 

Two-year Institutions 

With only a single level of instruction to evaluate, the compari

son of marginal with average costs at two-year institutions can be done 

with somewhat more confidence. The problem of having to contend with 

several alternative cost functions remains, but at least it is possible to 

compare costs over the entire range of enrollment. 

The multiplicative function, shown in Table 30, offers the 

quickest route to a comparison of marginal with average costs. The 

coefficients on the respective enrollment terms in Table 30 equal the 

ratio of marginal to average costs. It is apparent that the two costs 

are virtually identical for technical institutions, because the ratio is 

1.00875, i.e., marginal costs are 100.0875 percent of average costs. As 

shown in Figure 11a, this virtual identity holds over the entire range 

of observed enrollments. Marginal costs at comprehensive institutions, 
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on the other hand, are 90.65 percent of average costs over the enroll

ment range, as shown in Figure lib, whereas marginal costs at aca

demic institutions are only 59.66 percent of average costs, as shown in 

Figure 11c. The meaning of these ratios with respect to the formula 

funding issue is straightforward. The academic institution has the most 

to gain or lose financially by a gain or loss in enrollment, assuming 

funding on a given average cost basis. Technical institutions, on aver

age, will not be affected financially by a change in enrollment, because 

average cost funding will match the actual changes in an institution's 

cost structure. Comprehensive institutions, on average, will be 

affected, but considerably less so than academic institutions. 

Figure 12 shows the marginal versus average cost comparison 

for two-year institutions based on the linear function (Table 27). As 

Figure 12a shows, the two costs again differ very little for technical 

institutions. Marginal and average costs are different, though, for 

comprehensive and academic institutions, and as shown in Figures 12b 

and 12c, the difference in both instances is related to the level of en

rollment. The difference for academic institutions is greater throughout 

the enrollment range. At mean enrollment, for example, the marginal 

cost is $676 and the average cost is $1,058. By contrast, the marginal 

cost at mean enrollment for comprehensive institutions is $973 compared 

to an average cost at the point of $1,136. For both types of institu

tions, the difference between marginal and average costs changes rapid

ly at low enrollment levels. 

Figure 13 shows the relationship between marginal and average 

cost based on several of the other types of cost functions that were 
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estimated in the previous section. The difference between the two 

costs is relatively small around mean enrollment in each of the three 

functions displayed. The cubic function in Figure 13a provides an 

example of an instance where marginal costs exceed average costs. The 

few very large technical institutions would actually benefit financially 

from a decrease in enrollment, if funded on an average cost basis. 

Allocated cost data are not available, of course, for full-time 

and part-time enrollment, making it impossible to actually determine 

their respective average costs. If plausible weights were available, 

though, at least hypothetical average costs could be generated in the 

same manner as that used above for four-year institutions. To that 

end, it could be argued that the average cost of full-time and part-time 

students should be similar to their relative demand for instructional 

services. Three part-time students are often thought to be the 

approximate equivalent of one full-time student. Using that ratio, the 

average cost of a full-time student at technical institutions would be 

$1,482, compared to $494 for a part-time student. The corresponding 

estimated marginal costs, based on the linear function (Table 32), are 

$1,604 and $178, respectively. These data suggest, among other 

things, that average costs for FTE enrollment would decline at technical 

institutions if full-time enrollment declined. For comprehensive insti

tutions, the 3 to 1 ratio yields average costs of $1,273 and $424 for 

full-time and part-time enrollment, respectively, compared to estimated 

marginal costs of $1,121 and $323, respectively. Put another way, 

marginal costs for part-time students are 76 percent of average costs, 

whereas marginal costs for full-time students are 88 percent of average 
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costs. For academic institutions, the 3 to 1 ratio yields average costs 

of $1,149 and $384 for full-time and part-time enrollments, respectively, 

The corresponding estimated marginal costs are $506 and $508, respec

tively. Not surprisingly, the apparent financial sensitivity of academic 

institutions to changes in full-time enrollment is similar to their sen

sitivity with respect to changes in FTE enrollment. In view of the 

underlying assumptions the comparisons provided in this paragraph 

should be interpreted with considerable caution. 

Overall, most of the marginal to average cost ratios reported in 

this section for all types of institutions are somewhat higher than the 

55 to 64 percent range for higher education discussed earlier in the lit

erature review. Direct comparisons with previous studies are difficult 

because of differences in methodology, the definition of key variables, 

and the samples analyzed. With the exception of FTE enrollments at 

two-year institutions, the ratios in this study were calculated at mean 

enrollments and were based, in part, on the assumption of linear cost 

behavior. This was done out of necessity, so to speak, because of the 

lack of better data on average costs. For most of the marginal cost 

curves estimated in this study, however, particularly with respect to 

the four-year institutions, one or more estimates of nonconstant mar

ginal costs were usually viable alternatives, if not preferable ones, to 

the linear estimates. The inference follows that average costs may also 

vary with enrollment size for many types of institutions and enroll

ments. Thus, unless both cost curves can be traced across the enroll

ment range, as they were for FTE enrollment at two-year institutions, 



165 

simple ratios calculated at the mean are at best merely suggestive of the 

actual relationship between the curves. 

Summary 

In this chapter, the marginal costs of instruction were estimated 

for several levels of enrollment at seven types of colleges and univer

sities. Estimated marginal costs were then compared with actual or 

derived average costs. Marginal costs were found to vary with enroll

ment size in many instances. Differences in marginal cost behavior 

between levels of enrollment and between types of institutions were con

siderable. The multiproduct nature of instruction at four-year institu

tions made it difficult to compare marginal costs and average costs for 

those institutions. The comparison was more straightforward at two-

year institutions. Both the marginal cost estimates and the comparisons 

with average cost were shown to be highly dependent on the form of 

the cost function. 



CHAPTER 5 

SUMMARY AND IMPLICATIONS 

The basic objective of this study was to estimate the marginal 

costs of instruction in public colleges and universities in the United 

States. In this concluding chapter, the framework, methodology, and 

findings of the study are summarized, and the implications of the find

ings are discussed. 

Summary of Framework 

The framework adopted for the study was cost function theory 

from microeconomics. The essential elements of the framework can be 

stated thusly. Total costs are conceptualized as being a function of 

output, factor prices, and technological conditions. The first deriva

tive of the total cost function with respect to output yields the change 

in total costs per unit of change in output, or, by definition, the mar

ginal cost of the output. The total cost function, theoretically under

stood, expresses the least-cost relationship between cost and output. 

That relationship is constrained by the production function which 

specifies the maximum level of output attainable from a given level of 

input. 

Most analysts would agree that it is unlikely that colleges and 

universities minimize costs, and that it is difficult, if not impossible, 

practically speaking, to explicitly state meaningful production functions 

for higher education. The apparent lack of fit between cost function 

166 
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theory and the actual behavior of colleges and universities does not, in 

itself, render the theoretical framework inappropriate for the purposes 

of the study. As Machlup (1966, p. 9) put it: theoretical concepts in 

economics are but "heuristic fictions" which are used to further our 

knowledge of socioeconomic phenomena. The test of their appropriate

ness is not whether they are instantiated in the real world, but rather 

whether they are useful in predicting, understanding, relating, etc. 

actual behavior patterns. In the latter regard, it was established in 

the literature review that cost function theory has been used exten

sively under essentially the same circumstances as those in the present 

study. Assuming that the record of previous use can be taken as an 

indication of usefulness, it would seem that cost function theory is an 

appropriate framework for the purposes at hand. 

Using cost function theory, or the microeconomic model, while 

failing to meet all of its theoretical expectations, was shown in the 

literature review to be more the rule than the exception. Nonetheless, 

that failure is not without penalty. When cost minimization is in doubt, 

the estimated cost curves cannot be interpreted as being least-cost 

solutions, but only as reflecting average behavior or average efficiency. 

In the latter interpretaton, the organizations in question are less 

tightly bound to the cost curves. It would seem that something of the 

predictive power of the cost curves is lost in the process, at least from 

an a priori point of view. 

Another kind of problem results when the underlying production 

relationships cannot be specified. Theory, per se, cannot provide the 

specification. It must come from an understanding of the particular 
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indust ry being analyzed. When that understanding is lacking, there is 

no a priori way to designate a particular functional form as being the 

most appropriate for the cost function; there is little choice but to 

estimate several alternative functions and then to attempt to isolate the 

most appropriate functional form through curve-fitting techniques. 

That strategy frequently leads to less than definitive results, however, 

making it somewhat difficult to base a future course of action on the 

outcome of the analysis. 

Cost function theory, then, is a familiar way of conceptualizing 

a task such as the present one, and its adoption connects the present 

study with many previous efforts to model economic behavior. Several 

of the theoretical concepts must be reinterpreted in order to accommo

date the reality presented by higher education. The reinterpretation 

does not undermine the usefulness of the framework, but it does add to 

the tentativeness of the results and the need to interpet them with 

caution . 

Summary of Methodology 

The marginal cost of instruction in public higher education was 

estimated statistically through a series of regression equations. These 

equations represented long-run total cost functions in which expendi

tures for instruction, a standard accounting category in higher educa

tion, was the dependent variable. Instructional expenditures were 

regressed on the following types of independent variables: measures of 

in struct ional output, the prices of instructional inputs, and technolog

ical con ditions affecting the instructional process. The output variables 
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consisted of FTE enrollments at three levels of instruction (graduate, 

upper division, and lower division) for four-year institutions, and FTE 

enrollment along with full-time and part-time enrollment for two-year in

stitutions. Factor prices were represented by average faculty compen

sation and a state price index. Technological conditions were 

represented by expenditures for sponsored research per full-time 

faculty member, the number of degree programs offered, a vector of 

variables indicating the proportion of degrees earned in a representa

tive selection of curricular areas, and dummy variables indicating 

location in a formula funding state and a history of being an institution 

for black students. In the absence of strong a priori notions regarding 

the most appropriate form for the cost function, a series of functional 

forms, or distinct regression equations, was estimated. Various addi

tive and multiplicative functions were tried, using various higher order 

and interaction terms. A linear cost function, which assumes constant 

marginal costs, was the starting point for the analysis, but a consider

able effort was made to find evidence of marginal costs that varied in 

association with enrollment size. The alternative estimates were com

pared and evaluated using conventional statistical criteria and a few 

notions regarding plausibility. 

Four types of four-year institutions and three types of two-

year institutions were included in the analysis, using a classification 

system developed by the National Center for Higher Education Manage

ment Systems. Separate, but similar, analyses were conducted for each 

of the seven types of institutions. The data were cross-sectional for 

one academic year, 1977-1978. 
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Summary of Findings 

A basic assumption of the study was that unit cost behavior 

would likely be specific to a given type of institution. The results of 

the analysis support that assumption. Thus, few general conclusions 

can be drawn regarding marginal costs in public higher education. The 

procedure will be to summarize and highlight the findings by presenting 

a brief synopsis for each of the seven types of institutions in the anal

ysis and to reserve more general observations for the concluding dis

cussion of the implications of the study. 

Research Institutions 

At mean enrollment, research institutions had the highest esti

mated marginal costs for graduate and upper division enrollment. Their 

estimated marginal costs for lower division enrollment, however, were 

among the lowest of any type of institution in the sample. Not surpris

ingly, the ratio of graduate to lower division marginal costs, which was 

about 10 to 1 at mean enrollment, was far greater than for other types 

of institutions providing graduate education. It did appear, though, 

that as enrollment increased graduate marginal costs declined rather 

rapidly (at a declining rate) over a large portion of the enrollment 

range, whereas lower division marginal costs changed very little except 

perhaps at very low enrollment levels. Upper division marginal costs 

are probably best described as declining gradually (at a declining rate) 

over the enrollment range. In what appeared to be the most successful 

model overall, graduate, upper division, and lower division marginal 

costs were estimated to be $6,009, $2,775, and $661, 
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respectively, at mean enrollment. The evidence suggested that in terms 

of total FTE enrollment marginal costs were about equal to average costs 

at research institutions. The same comparison with respect to individ-

al levels of enrollment is highly speculative because of the lack of 

allocated cost data. This is also true for the other types of four-year 

institutions in the study. With that caveat, it may be said that it 

appeared as though there was a substantial difference between marginal 

and average costs only at the lower division level. 

Doctoral Institutions 

Estimated marginal costs for graduate enrollment at doctoral in

stitutions were much lower than at research institutions, upper division 

costs were somewhat lower, and lower division costs perhaps a bit high

er. There was considerable evidence that, as enrollment increases, 

graduate costs decline rapidly, reach a low point in the vicinity of the 

mean, and then increase. A rapid increase was predicted in one model, 

and a gradual increase in another. The evidence for upper division 

costs was also somewhat conflicting. There was some evidence that 

costs declined as enrollment increased, but it was not convincing. The 

linear estimate of constant marginal costs, of around $2,000, is clearly a 

viable alternative. Lower division marginal costs apparently did not 

change much either, although again there was some evidence of declin

ing costs associated with enrollment increases. Lower division marginal 

costs appeared to be no more than half that of upper division costs, 

and perhaps even less than that, over much of the enrollment range. 

With respect to total FTE enrollment, marginal costs were calculated to 
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be about 83 percent of average costs. For each of the respective 

enrollment levels, it appeared that marginal costs were modestly less 

than average costs, perhaps somewhere between 5 and 17 percent. 

Comprehensive Institutions 

Comprehensive institutions provided two of the more interesting 

findings in the analysis. In a linear model, estimated marginal costs 

for graduate enrollment were substantially less than for upper division 

enrollment. In higher order models, there was evidence that the upper 

division marginal cost curve moved in an inverted U-shape. Most of 

the institutions in the sample lay within the range of enrollment where 

upper division costs were increasing (at a decreasing rate) as enroll

ment increased. Graduate marginal costs apparently declined as enroll

ments increased and probably at a decreasing rate. The net result is 

that, on average, a small comprehensive institution would presumably 

experience high graduate marginal costs and low upper division marginal 

costs, whereas a large comprehensive institution could expect low 

graduate marginal costs and high upper division marginal costs. Esti

mated marginal costs for lower division enrollment were between $700 

and $850 in linear models and gave little evidence in higher order 

models of being very sensitive to enrollment size. With respect to total 

FTE enrollment, marginal costs appeared to be around 83 percent of 

average costs, which is the same percentage attributed to doctoral 

institutions. Within that overall percentage, however, the evidence, 

such as it was, suggested that comprehensive institutions may have 

been experiencing more substantial differences between marginal and 
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average costs at the respective enrollment levels. Marginal costs for 

upper division appeared to be somewhat higher than the corresponding 

average costs, while both lower division and graduate marginal costs 

appeared to be substantially less than the corresponding average costs. 

Baccalaureate Institutions 

For baccalaureate institutions, the difference between estimated 

marginal costs for upper and lower division enrollment was much less 

than it was for other four-year institutions. As enrollment increased, 

estimated marginal costs for both enrollment levels declined rapidly. 

Upper division costs continued to decline (at a decreasing rate) over 

the enrollment range, but there was evidence that lower division costs 

began to increase again near mean enrollment and were considerably 

higher, on average, at the larger institutions. At institutions where 

graduate-level instruction was offered, the corresponding marginal costs 

appeared to decrease rapidly as enrollment increased. With respect to 

total FTE enrollment, marginal costs were about 81.5 percent as high as 

average costs. Roughly, the same percentage held when the marginal 

to average cost comparison was made for upper and lower division 

enrollment. 

Two-year Technical Institutions 

The relationship between the estimated marginal cost of FTE 

enrollment and the number of FTE students enrolled appeared to be vir

tually constant over the enrollment range. There was some evidence 

for a U-shaped marginal cost curve, but from a statistical standpoint 

the constant cost estimates were much stronger. The estimated 
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marginal cost was about $1,300, which was considerably higher than the 

same estimated costs at the other two-year institutions in the sample, 

and it was considerably higher than the estimates for lower division 

mar ginal costs at any of the four-year institutions. Marginal costs 

appeared to be virtually identical to average costs over the enrollment 

range. There was a very large difference between the estimated 

marginal costs of full-time and part-time enrollments. In the linear cost 

function, the estimates were $1,604 and $178, respectively. Other evi

dence confirmed what that difference suggested, namely, that the pro

portion of part-time students was inversely related to instructional 

costs. 

Two-year Comprehensive Institutions 

Estimated marginal costs for FTE enrollment at comprehensive 

institutions were about $1,000, or about 75 percent as high as the cor

responding costs at technical institutions. The variation in marginal 

costs was somewhat greater for comprehensive institutions. Their esti

mated marginal costs declined very gradually and at a decreasing rate. 

Margina.l costs were estimated to be about 90 percent as high as average 

costs over the enrollment range. The estimated marginal costs of full

t ime enrollment were much higher than those for part-time enrollment, 

at $1,121 and $323, respectively, in a linear cost function. As was 

true for technical institutions, there was confirming evidence that the 

ratio of part-time enrollment to FTE enrollment was inversely related to 

instructional costs. 
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Two-year Academic Institutions 

Estimated marginal costs at two-year academic institutions were 

$676 in the linear model, or substantially less than at the other two-

year institutions, but comparable to the lowest estimates for lower divi

sion marginal costs at the four-year institutions. Marginal costs at 

academic institutions appeared to decrease at a decreasing rate over the 

enrollment range. Marginal costs were estimated to be only 60 percent 

of average costs over the same range. Oddly, the marginal costs of 

full-time and part-time enrollment were both estimated to be about $500. 

Apparently, the role of part-time students at these institutions was 

quite different than at technical or comprehensive institutions. 

Implications 

It was noted at the outset of the study that there is a concern 

within the higher education community that enrollment-driven funding 

formulas may inadvertently create financial difficulties for public col

leges and universities should enrollments decline substantially. The 

concern is based in the first place on the fact that most funding for

mulas use historic average cost data, and second, on the assumption 

that the marginal savings attributable to an enrollment decline would be 

less than formula-estimated savings. If substantial enrollment changes 

are contemplated, then the possibility of nonconstant marginal and 

average costs also becomes a concern. 

Figure 14 shows how a funding formula might work against an 

institution during an enrollment decline. Assuming that at E^ the 

average cost is A^ and the marginal cost is M^, the inadvertent 
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decrease in funding would be approximately for an enrollment 

decline of one student at or near E^. Suppose, however, that enroll

ment declined substantially, say to Ewhere lines AC and MC repre

sent long-run average and marginal cost curves for the type of 

institution in question. If it is then assumed that the funding formula 

is changed so that at E^ the formula uses Ag as the average cost per 

student, instead of A^, then the inadvertent decrease in funding for an 

enrollment decline of one student at or near E2 would be Ag - Mg. On 

the other hand, if the average cost figure used in the funding formula 

did not increase as fast as line AC, the institution would suffer finan

cially in another sense in that it would now be funded at a rate below 

the norm for institutions of its size (Eg), whereas it had been funded 

at a typical rate when its enrollment size was E^. 

The results of the study have a direct bearing on the formula 

funding problem in two ways. On the one hand, the results include 

estimates of the relative magnitudes of marginal and average costs. In 

addition, the results include estimates of the shapes of the marginal 

cost curves and, for two-year institutions, the average cost curves as 

well. In instances where the latter curves cannot be estimated their 

behavior can often be inferred from that of the marginal cost curves. 

Before considering the implications of the findings for the 

several types of institutions, it is necessary to establish how the 

estimated cost curves may be properly employed in assessing the finan

cial condition of groups of colleges and universities. In performing a 

cross-sectional analysis, we capture data from many institutions at a 

moment in time. The data in this study come from 1977-1978. As 
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such, they are the product of institutional behavior that occurred with

in the context of long-term growth, or at worst, of long-term growth 

coupled with short-term stagnation. In other words, for example, in 

looking at the height and direction of the marginal cost curve at in 

Figure 14, we are seeing the cost structure of institutions that once 

had enrollments considerably less than E^, but not of institutions that 

once had enrollments considerably larger than E^. Thus, the experi

ence of contraction is simply not represented in the estimated curves. 

We must also take into account the apparent flexibility of the production 

relationships in higher education, the sensitivity of unit costs to the 

availability of revenue, and the probable reactions of institutions when 

faced with a serious decline in enrollment. In short, it would not be 

prudent to look at the cost curves as being predictions of what unit 

costs are likely to be for institutions that do experience heavy enroll

ment losses. 

If the estimated cost curves are not to be interpreted as pre

dictions of future costs, how then are they to be interpreted? What in 

fact do they tell us? At a minimum, the estimated cost curves reveal 

two dimensions of institutional cost behavior. First, they show what is 

possible. They show the funders and providers of higher education 

what can be done at a given enrollment level, granted current con

ditions and norms. Second, the cost curves provide a framework within 

which we can assess the impact of future conditions. The framework is 

a relative one, of course, with the reference point being the current 

behavioral norms as represented by the cost curves. Nonetheless, the 

framework has utility. In view of what is known about institutional 
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behavior and of what is not known about the production process in 

higher education, it is clearly arguable that an absolute framework is 

simply not workable. That is, it would seem that a claim to the effect 

that a given institution is over- or underfunded in an absolute sense 

cannot be determined to be either true or false. As such, the claim 

serves no useful purpose as an assertion of fact. Thus, in the absence 

of absolute reference points, relative ones take on added importance. 

It is primarily the second of the two dimensions that will be 

used in what follows. For example, assertions will be made that certain 

classes of institutions are, or are not, likely to be adversely affected 

by being funded on an average cost basis. Such assertions are to be 

taken in reference to current norms only, and not in any absolute 

sense. 

To start with the two-year institutions, the results indicate that 

technical institutions, on average, should be relatively immune from the 

formula-related problems in question, as marginal and average costs ap

parently are virtually the same and are essentially constant over the 

enrollment range. In sharp contrast, marginal costs at academic insti

tutions were estimated to be only 60 percent of average costs over the 

FTE enrollment range. Should academic institutions have appropriations 

withdrawn on an average cost basis in response to declining FTE enroll

ments, it does seem that, on average, the financial loss would be 

severe. Two-year comprehensive institutions, where marginal costs 

were 90 percent of average costs, stand to be hurt much less than aca

demic institutions. For both, the extent of the loss would be greater 

in absolute terms at low FTE enrollments. 
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The situation is more complicated at four-year institutions. In 

terms of total FTE enrollment, there is evidence to suggest that 

research institutions with average enrollments experience similar mar

ginal and average costs. Thus, if an enrollment decline were dis

tributed evenly across the levels of enrollment, the loss of funds on an 

average cost basis would not be disproportionate to the marginal sav

ings. It seems reasonable to assume, however, because the predicted 

enrollment decline is based on the number of future high school gradu

ates, that lower division would experience each year's decline prior to 

its being felt at higher enrollment levels. Such a disproportionate loss 

of lower division students would have a detrimental financial effect, as 

the marginal savings would be less, perhaps far less, than the formula-

estimated savings. On the other hand, if the respective cost curves 

are brought into the picture, enrollment losses at the upper division 

and graduate levels also appear to be a threat financially; in particu

lar, institutions with less than mean enrollments would be faced with 

rapidly rising marginal costs and, by inference, rapidly rising average 

costs as well. Only funding formulas that changed appropriately would 

prevent serious underfunding relative to the average institutional be

havior expressed by the cost curves. 

At doctoral institutions, an enrollment decline at the graduate 

level would also engender rapidly escalating marginal and average costs 

for institutions with less than mean enrollment. For institutions with 

relatively large graduate enrollments, the results suggest the possibility 

that marginal savings could exceed formula-estimated savings, in which 

case these institutions would actually benefit financially from an 
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enrollment decline at the graduate level, other things being equal as 

always. Upper division and lower division marginal costs appear to be 

roughly constant over the enrollment range, so the threat from an 

average-cost funding formula is primarily based on the respective dif

ferences between marginal savings and formula-estimated savings. With 

the data available for this study, it was not possible to estimate those 

differences with much confidence. The results suggest that they are 

not large, perhaps in a range where marginal savings would be about 5 

to 17 percent less than formula-estimated savings. The fact that upper 

and lower division marginal costs appear to be constant over the enroll

ment range also suggests that the difference between marginal and 

average costs is likely to be small, at least over that portion of the 

enrollment range where enrollments are relatively high. 

At four-year comprehensive institutions declining graduate en

rollments are associated with increasing marginal costs, indicating the 

likely need for changes in the funding formulas should graduate enroll

ments decline. Lower division marginal costs appear to be roughly 

constant, but marginal savings could be substantially less than formula-

estimated savings for enrollments near the mean, perhaps as much as 

$400 per student. By contrast, should upper division enrollment 

decline, marginal savings apparently would exceed formula-estimated 

savings over much of the enrollment range. 

At baccalaureate institutions, marginal costs at all three levels 

of enrollment apparently decrease as enrollment increases. Thus, 

should enrollments decline, adjustments in the funding formulas would 

be required to maintain the status quo with respect to the 



182 

corresponding average cost curves for this type of institution. The 

results also indicate that marginal costs eventually begin to increase 

again as lower division enrollment increases, which suggests the likeli

hood that for some institutions declines in lower division enrollment 

could lead to an enhanced financial status relative to the average cost 

curve provided that funding formulas remained unchanged. 

Overall, it would appear that the concern regarding formula 

funding is well founded. Only one type of institution of the seven in 

the analysis appears to be safe from the threat of either differences 

between potential marginal savings and formula-estimated savings or of 

formulas that fail to change in accord with the estimated cost curves. 

There were one or two isolated instances where enrollment declines 

could actually benefit institutions in a financial sense. In any event, if 

enrollments should decline and if it is thought desirable to maintain 

funding at current levels, it seems clear that formulas will have to 

change, perhaps by adding a marginal cost component to an average 

cost base, or by explicitly recognizing in some other way the changing 

relationships between unit costs and enrollment size. The results in 

this study could be used as one set of estimates of the magnitude of 

the differences between marginal and average costs and of the way mar

ginal costs vary with enrollment. These estimates reflect, of course, 

average behavior across the country. Such a standard may or may not 

be of interest to a particular state coordinating agency or others who 

develop funding formulas. 

While the essential thrust of the regression analysis was to gen

erate marginal cost estimates, a secondary result was that variations in 
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instructional costs were accounted for, with varying degrees of suc

cess, by various combinations of output and control variables. To a 

limited extent, then, the study also suggests reasons why costs in 

higher education are what they are in the long run. 

The respective R2 values of the estimated cost functions indi

cate the percent of explained variance in each instance. The R2 

values for the most successful functions by institutional type are as 

follows: 0.95, 0.87, 0.96, 0.88, 0.95, 0.94, 0.71, for research, 

doctoral, comprehensive, baccalaureate, two-year technical, two-year 

comprehensive, and two-year academic institutions, respectively. 

Without exception, the enrollment variables contributed heavily to total 

explained variance (using the F statistic as a measure of influence). In 

some functions, the contributions of the other output variables, namely, 

the program vectors, the curriculum breadth variable, and the 

sponsored research variable, were also important. In a few instances, 

research institutions being the best example, virtually all of the 

explained variance in instructional costs was due to output variables. 

Average faculty compensation was typically the most important 

of the non-output variables, being significant for five of the seven 

institutional types. Its role as the key factor price in the cost func

tions is straightforward; however, its meaning with respect to the 

reasons for costs being what they are in higher education is not clear. 

A given level of compensation could reflect the wage standards of a 

particular area, or the level of productivity of the faculty, or some 

combination thereof. On the other hand, faculty compensation is an 
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area where expenditures could occur in a more arbitrary manner, that 

is, in a manner unrelated to either productivity or to wage standards. 

The ambiguity of the results with respect to faculty compensa

tion and to several other variables to be discussed presently has its 

roots in the vagueness of the production process in higher education. 

As Archibald (1974) has noted, the vagueness makes it difficult, if not 

impossible, to understand thoroughly the reasons for costs being what 

they are. As a further related example of the problem, consider the 

evidence found by Freeman (1975) that lower-paid faculty are hired in 

larger numbers during times of financial stringency in higher education. 

There is no reason to think that the situation he described is anything 

but what it appears to be, namely, an effort to reduce instructional 

costs. It is much less clear, however, how the success of such an 

effort could be determined if the production process is not well under

stood. Conceivably, lower paid faculty could somehow be less produc

tive than higher paid faculty. If that were the case, then, although 

expenditures would be reduced by hiring lower paid faculty, output 

would also be reduced, which together would yield a net result that 

would be clearly different than what was intended. 

Similarly, there are difficulties in interpreting the meaning of 

the state price index. The index was statistically significant for the 

two-year institutions, but it was inversely related to instructional 

costs, a relationship that makes no sense if the index were actually 

measuring relative factor prices. With average faculty compensation in 

the equation, it may well be that the index was actually a measure of 

some other state characteristic. If so, it would mean that certain states 
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were able to get the same services from their two-year institutions for 

less money than other states did; however, the matter is again con

founded by incomplete knowledge of the production process, for it is 

conceivable that the services obtained at lower costs were not in fact 

equivalent to those obtained at higher costs. The dummy variable for 

location in a formula funding state was significant in one cost function, 

whereas the dummy variable for being a traditionally black institution 

was significant in several cost functions estimated for the comprehensive 

institutions. Both variables clearly suggest a non-output basis for 

instructional costs, yet there is the possibility that variation in output 

is still somehow involved, especially with regard to the traditionally 

black institutions. 

In summary, then, the results of the study suggest that 

instructional costs and outputs in higher education are strongly related 

in the long run. The relationship is not perfect, however, and it 

differs by type of institution. The results of the study also indicate 

the presence of a non-output basis for instructional costs. For the 

samples of institutions analyzed, the collective influence on costs of the 

output variables was typically much greater than the influence of the 

non-output variables, but as long as the production process remains 

somewhat unclear, definitive conclusions are difficult to sustain. 

It would appear that further research might be profitably con

ducted along several avenues. One, the same cost functions could be 

estimated for the same sets of institutions using data from different 

academic years. This procedure would be useful for determining the 
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volatility of the regression coefficients. Alternatively, the estimated 

coefficients in the present study could be used in conjunction with data 

from other years for the independent variables to predict corresponding 

values for the dependent variable. This procedure would be helpful for 

establishing how useful the cost functions might be when employed as 

though they were funding formulas. Two, the same cost functions esti

mated here could be estimated for different sets of institutions. There 

may be better peer groups than those provided by the NCHEMS classifi

cation system, at least for some purposes. Three, different cost func

tions could be developed and estimated. The modeling of multiple 

outputs is not a well-established procedure for any industry, and cer

tainly not for one as complex as higher education. 
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Table A-1. Control Variable Results for Table 9 

Research Doctoral 

Variable 8 F g F 

w 1,049 1.00 839 0.93 

SPI 13,027 <.01 387,080 2.99 

AG 1,071 5.83 -327 .87 

BIO 823 2.01 -439 .34 

BUS 1,050 3.13 -398 2.63 

ED 704 5.14 -87 .14 

EN 937 8.40 105 .06 

FA 1,385 2.86 -65 .01 

HTH 1,283 5.19 126 .25 

LAN -1,865 .43 649 .10 

LAW -1,206 .91 455 .59 

MED 2,484 6.78 963 3.51 

PHY 744 .50 -1,214 .92 

SOC 1,938 11.26 -370 .64 

RES -6 .01 186 .50 

NP -25,413 .30 -14,907 .13 

FFS -2,833,976 1.02 1,969,335 .64 



Table A-2. Control Variable Results for Table 10 

189 

Variable 

Research Doctoral 

Variable 3 F 3 F 

W 1,083 .97 268 .10 

SPI -16,615 A O
 

1—
* 

448,721 4.48 

AG 1,334 7.14 -376 1.28 

BIO 826 1.84 -248 .12 

BUS 1,204 3.75 -299 1.21 

ED 826 6.56 -261 1.36 

EN 1,101 8.66 -108 <.01 

FA 1,737 3.80 -192 .11 

HTH 1,562 6.42 -170 .53 

LAN -2,081 .50 -2,459 1.28 

LAW -1,872 1.63 328 .34 

MED 1,708 1.85 251 .22 

PHY 738 .43 -629 .28 

SOC 2,237 12.28 -403 .78 

RES 39 .16 253 .80 

NP -36,060 .54 -37,115 .88 

FFS -2,204,001 .56 1,215,364 .28 

TBI 



Table A-3. Control Variable Results for Table 11 
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Research 

Variable $ F 

w 1,338 1.97 

SPI 42,743 .03 

AG 984 6.13 

BIO 816 2.13 

BUS 933 3.02 

ED 685 5.35 

EN 861 8.24 

FA 1,314 2.71 

HTH 1,279 5.39 

LAN -2,303 .71 

LAW -765 .57 

MED 2,408 7.09 

PHY 609 .36 

SOC 1,869 11.31 

RES -11 .02 

NP -34,099 .61 

FFS 2,295,440 .75 

TBI _ _  _ _  
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Table A-4. Control Variable Results for Table 12 

Doctoral 

Variable e F 

W 248 .09 

SPI 381,946 3.91 

AG -275 .82 

BIO -288 .18 

BUS -136 

i-H CO • 

ED -215 1.12 

EN -610 

CO o
 • 

FA -791 .02 

HTH -169 .64 

LAN -1,490 .55 

LAW 302 .34 

MED 325 .39 

PHY -936 .67 

SOC -191 .20 

RES 411 2.72 

NP -14,573 .16 

FFS 1,756,647 .63 

TBI _ _  



Table A-5. Control Variable Results for Table 13 
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Variable 

Research Doctoral 

Variable B F 8 F 

W 1,455 1.74 1.080 1.49 

SPI -22,474 .01 406,211 3.02 

AG 969 2.31 -548 2.21 

BIO 913 1.58 -372 .22 

BUS 1,038 1.87 -613 5.22 

ED 846 5.69 343 .02 

EN 902 3.95 -23 A • O
 

•-
* 

FA 1,403 2.86 -125 .04 

HTH 1,189 2.43 -213 

00 C£
> 

• 

LAN -2,707 .70 -1,115 

CO c
* 

• 

LAW -1,975 2.17 691 .94 

MED 2,459 6.45 -128 .04 

PHY 924 .71 -1,567 1.32 

SOC 1,938 8.27 -384 • cn
 

00
 

RES -40 

CO o
 • 54 .02 

NP -20,214 .19 -32,166 .54 

FFS 1,601,870 .23 183,896 <.01 

TBI 



Table A-6. Control Variable Results for Table 14 
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Doctoral 

Variable 6 F 

W 613 .66 

SPI 383,975 4.51 

AG -209 .53 

BIO 404 <.01 

BUS -208 

CO 00 

ED -876 .20 

EN -180 .28 

FA -45 .01 

HTH -157 .64 

LAN -2,552 1.76 

LAW 570 1.37 

MED -435 .61 

PHY -1,129 1.14 

SOC -248 .36 

RES 195 .17 

NP -37,117 1.05 

FFS 775,339 .13 

TBI 
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Table A-7. Control Variable Results for Table 15 

Multiplicative Transcendental 

Variable s F s F 

w .000021 1.61 .000029 2.77 

SPI .001961 .24 .000790 .04 

AG 1.314048 2.91 1.331241 2.90 

BIO 1.753531 3.45 1.589425 2.47 

BUS 1.084736 1.20 1.189345 1.37 

ED 1.025846 3.40 1.031102 3.39 

EN .896176 2.51 .910365 2.40 

FA 2.096235 2.22 2.155185 2.15 

HTH 3.226886 11.38 2.961615 8.59 

LAN -6.297408 1.65 -6.506949 1.73 

LAW .446613 .05 -.766609 .13 

MED 2.733242 2.66 2.883737 2.89 

PHY 2.076450 1.37 1.613973 .76 

soc 2.206374 5.04 2.355978 5.57 

RES .000002 1.05 .000002 1.19 

NP -.000457 .35 -.000269 .12 

FFS -.029616 .40 -.017417 .13 

TBI 



Table A-8. Control Variable Results for Table 19 

195 

Comprehensive Baccalaureate 

Variable 6 F 6 F 

W 556 90.97 174 14.12 

SPI 2,215 .02 2,366 .05 

AG -140 .14 .4 

O
 

V
 

BIO 916 4.58 -318 2.95 

BUS 117 .38 -31 .15 

ED 296 3.74 -158 7.67 

EN 312 1.27 -204 3.92 

FA 485 .58 204 1.89 

HTH 804 6.77 -73 .09 

LAN -1,943 1.56 -558 .99 

LAW 569 1.21 -599 .79 

MED 14,315 98.41 — — 

PHY 46 .02 -103 .20 

SOC 588 3.21 -14 .01 

RES -7 .04 113 8.85 

NP 26,414 10.25 640 .01 

FFS 309,467 1.49 182,118 1.16 

TBI 1,403,795 8.97 303,572 2.13 



Table A-9. Control Variable Results for Table 20 

196 

Comprehensive Baccalaureate 

Variable B F e F 

W 563 97.77 182 14.71 

SPI 900 <.01 1,450 .02 

AG -225 .39 5 <.01 

BIO 1,037 6.05 -308 2.70 

BUS 63 .12 -25 .09 

ED 266 3.16 -148 6.44 

EN 310 1.32 -198 3.55 

FA 565 .84 231 2.31 

HTH 827 7.57 -60 .06 

LAN -2,005 1.74 -500 .76 

LAW 968 3.51 -757 .66 

MED 14,202 102.31 — — 

PHY -111 .09 -99 .18 

SOC 668 4.30 -24 .04 

RES -2 A O
 

t—
4 109 8.08 

NP 28,981 12.91 826 .01 

FFS 333,592 1.82 208,209 1.44 

TBI 1,397,521 9.33 352,300 2.69 



Table A-10. Control Variable Results for Table 21 

197 

Comprehensive 

Variable 3 F 

w 556 96.51 

SPI -1,151 .01 

AG -180 .25 

BIO 928 5.05 

BUS 34 •
 o
 

CO
 

ED 240 2.63 

EN 280 1.08 

FA 443 .52 

HTH 856 8.13 

LAN -1,902 1.59 

LAW 781 2.40 

MED 13,787 114.55 

PHY -138 .15 

SOC 636 3.96 

RES -8 .06 

NP 29,794 13.70 

FFS 278,810 1.30 

TBI 1,415,966 9.82 



Table A-ll. Control Variable Results for Table 22 
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Baccalaureate 

Variable 3 F 

w 166 14.44 

SPI 694 .01 

AG -20 .02 

BIO -306 3.10 

BUS -43 .34 

ED -187 11.83 

EN -199 4.24 

FA 158 1.25 

HTH 133 .32 

LAN -793 2.22 

LAW -533 2.72 

MED — — 

PHY -160 .53 

SOC -24 .04 

RES 122 11.70 

NP -689 .01 

FFS 112,302 .48 

TBI 186,415 .85 



Table A-12. Control Variable Results for Table 23 

199 

Comprehensive Baccalaureate 

Variable 6 F e F 

W 532 81.72 166 14.52 

SPI -9,824 .36 -2,641 .07 

AG -143 .16 4 A O
 

BIO 1,227 7.02 -286 2.50 

BUS 83 .20 9 .01 

ED 298 4.00 -113 4.00 

EN 360 1.69 -162 2.65 

FA 548 .76 233 2.62 

HTH 818 7.29 -59 .06 

LAN -1,848 1.46 -585 1.17 

LAW 691 1.59 -504 1.17 

MED 9,645 38.40 — — 

PHY -439 

00 • -101 .19 

SOC 402 1.49 42 .14 

RES 43 .49 68 .72 

NP 24,129 9.12 794 .01 

FFS 230,675 .86 94,951 .36 

TBI 1,284,191 7.51 163,069 .61 



Table A-13. Control Variable Results for Table 24 

200 

Baccalaureate 

Variable 6 F 

W .00005 16.40 

SPI .00012 <.01 

AG .00217 <.01 

BIO -.82784 1.91 

BUS -.06539 .07 

ED -.43517 6.00 

EN -.21568 .46 

FA .75461 2.24 

HTH .19910 .10 

LAN -1.21220 .49 

LAW -.29380 .35 

MED 

PHY -.16836 .05 

SOC -.23650 .44 

RES .00005 15.18 

NP -.00011 <.01 

FFS -.00559 .01 

TBI .09953 2.41 



Table A-14. Control Variable Results for Table 28 

Technical Comprehensive Academic 

Variable B F B F B F 

w 46 18.40 39 38.32 38 3.29 

SPI -5,963 8.56 -12,009 28.20 -7,176 7.04 

AS -502 2.19 -- -- -304 .11 

BUS -159 1.39 -276 3.10 

EDP -648 2.07 -331 .12 3,203 .08 

HLTH -144 2.04 71 .12 -609 .35 

MECH -- -- 163 .98 -1,588 .53 

NSCI 267 1.39 24 .01 -4,636 1.36 

NUR 35,119 5.97 38,691 13.10 -413 .08 

PS 6 <.01 -159 .42 -976 .82 

PR 10,546,820 20.31 14,642,862 18.06 2,642,140 .01 

FFS -94,075 3.26 9,281 .06 13,824 .01 

t-.,j 

0 
~ 



Table A-15. Control Variable Results for Table 29 

Technical Comprehensive Academic 

Variable 6 F a F 3 F 

W 49 20.03 39 38.19 40 3.20 

SPI -5,841 8.25 -12,000 28.09 -7,278 6.84 

AS -574 2.83 — — -252 .07 

BUS -180 1.77 -279 3.17 — — 

EDP -725 2.77 -283 .09 2,886 .06 

HLTH -137 1.85 75 .13 -560 .28 

MECH — — 172 1.04 -1,639 .54 

NSCI 226 .97 30 .02 -4,427 1.16 

NUR 33,334 5.37 39,071 13.18 -345 .05 

PS -14 .01 173 .49 -932 .71 

PR 11,212,694 22.27 14,378,991 16.17 4,076,988 .02 

FFS -89,432 2.95 8,955 .05 14,083 .01 



Table A-16. Control Variable Results for Table 32 

Variable 

Technical Comprehensive Academic 

Variable B F B F B F 

W 46 17.59 41 34.93 39 3.64 

SPI -5,461 6.75 -8,147 10.89 -8,132 8.01 

AS -261 .60 — — — — 

BUS -148 1.12 -194 1.28 267 .09 

EDP -412 .81 1,089 1.21 12,270 1.23 

HLTH -103 .97 66 .09 -765 .61 

MECH — — 440 6.25 -557 .07 

NSCI 128 .29 198 .62 -4,720 1.47 

NUR 38,853 6.73 50,846 19.80 7 <.01 

PS 208 1.08 502 3.80 -468 .44 

PR 7,859,151 11.55 6, 368,131 3.28 4,377,526 .02 

FFS 7,626 .02 37,638 .79 26,305 .04 



Table A-17. Control Variable Results for Table 33 

Technical Comprehensive Academic 

Variable 

W 

SPI 

AS 

BUS 

EDP 

HLTH 

MECH 

NSCI 

NUR 

PS 

PR 

FFS 

.00006 

.00476 

-.84952 

-.23916 

-.78672 

-.29225 

.10456 

.40999 

-.09581 

18.74772 

.06579 

59 .79  

9.76 

13.22 

3.16 

4.03 

5.07 

. 26  

6 .21  

.27 

47.69 

3.17 

.00003 71.40 

-.00401 6.30 

.35348 8.18 

.14928 .09 

.27057 3.80 

.43309 10.37 

.20589 1.00 

.08399 .36 

.09388 .36 

14.2524 19.36 

.03623 2.19 

.00004 2.49 

-.00915 6.00 

.81306 

8.71227 

-.80265 

-1.10947 

-5.05721 

-.16775 

-.45762 

-17.35279 

-.00027 

.46 

.38 

.43 

.18 

1.06 

.01 

. 26  

.21 

< . 0 1  



Table A-18. Control Variable Results for Table 34 

Technical Comprehensive Academic 

Variable 6 F F B F 

W 47 17.96 39 32.60 31 1.93 

SPI -5,597 7.07 -8,648 17.53 -6,993 5.11 

AS -313 • 00
 

— — — — 

BUS -138 .96 -227 1.80 270 

00 o
 • 

EDP -430 • 00
 

-a
 

686 .48 12,412 1.17 

HLTH -89 .72 78 .12 -581 .33 

MECH — — 388 4.88 -998 .22 

NSCI 83 .12 242 .94 -5,323 1.72 

NUR 39,809 7.02 45,836 15.92 -167 .02 

PS 239 1.42 431 2.76 -480 .45 

PR 7,955,602 11.38 7,625,984 4.45 1,977,796 A O
 

FFS 5,140 .01 40,794 .96 6,919 <.01 



Table A-19. Control Variable Results for Table 35 

Technical Comprehensive Academic 

Variable 6 F 8 F 6 F 

W 44 16.22 39 34.34 34 2.86 

SPI -6,551 9.41 -8,183 12.60 -4,370 1.45 

AS -237 .48 

BUS -88 .39 -218 1.72 383 .20 

EDP -434 .92 681 .49 12,466 1.36 

HLTH -125 1.35 -43 .04 -709 .57 

MECH — — 324 3.50 -661 .11 

NSCI 50 .04 167 .45 -4,348 1.34 

NUR 45,284 9.00 43,611 14.90 77 <.01 

PS 258 .39 230 1.02 -441 .42 

PR 8,095,828 12.47 7,004,761 4.41 -6,199 .05 

FFS 7,154 .02 25,514 .45 81,727 .41 



Table A-20. Control Variable Results for Table 36 

Technical Comprehensive Academic 

Variable 3 F 6 F e F 

W .00006 45.22 .00004 80.82 .00005 2.85 

SPI -.00427 6.02 -.00265 2.16 -.00115 .04 

AS -.54645 4.37 — — — — 

BUS -.31345 4.11 -.28004 4.12 -.55740 .22 

EDP -.53220 1.44 .26361 .23 19.96541 2.11 

HLTH -.10461 .52 .31010 4.00 -1.56052 1.64 

MECH — — .76784 27.04 -1.53564 .35 

NSCI .00188 <.01 .33878 2.19 -4.04981 .67 

NUR .29800 2.61 .04474 .08 -.04557 <.01 

PS .08479 .16 .48699 7.84 -.59929 .47 

PR 10.45086 12.48 2.02472 .34 22.76991 .36 

FFS .00807 .04 .04349 2.50 .10083 .38 
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A. Major Doctoral-Granting Institutions 

These institutions are characterized by a significant level of 

activity in and commitment to doctoral-level education as mea-

sured by the number of doctorate recipients and the diversity 

in doctorate program offerings. Included in this category are 

those institutions that are not considered specialized schools 

(see D below) and which grant a minimum of 30 doctoral-level 

degrees. These degrees must be granted in 3 or more 

doctoral-level program areas* or, alternatively, have an inter-

disciplinary program at the doctorate level. Included in the 

counts of doctorate degrees are the first professional (M.D. , 

D.V.M. , 0. D. , and D.D.S.) degrees. 

A. 1. Major Research Institutions 

These institutions are significantly engaged in research ac-

tivities as measured by the amount of expenditures for research 

purposes. These institutions are the leading 75 institutions 

with regard to research expenditures. (This measure is 

derived from the annual REGIS Financial Statistics survey.) 

A. 2. Other Major Doctoral Institutions 

These institutions, while perhaps still involved in research ac-

tivities , are not as significantly involved as the Major Research 

*Program or program areas are a major field of study as defined 
at the two-digit level of the REGIS Taxonomy of Programs. Subsequent 
references to program or program area refer to this definition. 
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Institutions. These institutions include all other major doctoral 

institutions. 

B. Comprehensive Institutions 

These institutions are characterized by a strong, diverse post-

baccalaureate program (including first professional), but do not 

engage in significant doctoral-level education. Specifically, this 

category includes institutions not considered specialized schools 

in which the number of doctoral-level degrees granted is less 

than 30 or in which fewer than 3 doctoral-level programs are 

offered. 

In addition, these institutions must grant a minimum of 30 post-

baccalaureate degrees* and either grant degrees in 3 or more 

post-baccalaureate programs, or alternatively, have an interdis

ciplinary program at the post-baccalaureate level. 

C. General Baccalaureate Institutions 

The institutions are characterized by their primary emphasis on 

general undergraduate, baccalaureate education. They are not 

significantly engaged in post-baccalaureate education. Included 

are institutions not considered specialized institutions in which 

the number of post-baccalaureate degrees granted is less than 

30 or in which fewer than 3 post-baccalaureate level programs 

•Includes master's, doctorate, and first-professional degrees. 
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are offered, but which either (a) grant baccalaureate degrees 

a n d  g r a n t  d e g r e e s  i n  3  o r  m o r e  b a c c a l a u r e a t e  p r o g r a m s ,  o r  ( b )  

offer a baccalaureate program in interdisciplinary studies. 

Additionally, over 75% of the degrees granted must be at the 

baccalaureate level or above. 

Professional and Specialized Institutions 

These are baccalaureate or post-baccalaureate institutions that 

are characterized by a programmatic emphasis in one area, 

usually a professional field such as business or engineering. 

The programmatic emphasis is measured by the percentage of 

degrees granted in one program area. An institution granting 

over 60% of its degrees in one field, or granting over half of 

its degrees in one field and granting degrees in fewer than 5 

baccalaureate programs is considered a professional or speci

alized institution. 

D . O .  U . S .  S e r v i c e  S c h o o l s  

Schools under Federal control. 

D. 1. Divinity Institutions 

Institutions in which either the number of professional theolog

ical degrees plus the number of other degrees granted in 

theology (2300 field in the HEGIS Taxonomy) exceeds 60% of all 

degrees awarded or, alternatively, the number of such degrees 

awarded exceeds 50% of all degrees awarded and the number of 

baccalaureate programs offered is fewer than 5. 
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D.2. Medical Institutions 

Institutions which are primarily engaged in health science edu

cation and which confer first professional degrees such as 

M.D., O.D., D.D.S., and D.V.M. These institutions are those 

(a) in which the number of professional health science degrees 

(medicine, dentistry, optometry, pharmacy, etc.) granted plus 

the number of other health science degrees (1200 field in the 

H E G I S  T a x o n o m y )  e x c e e d s  6 0 %  o f  a l l  d e g r e e s  a w a r d e d ,  o r ,  

alternatively, the number of such degrees awarded exceeds 50% 

of all degrees awarded and the number of baccalaureate pro

grams offered is fewer than 5, and (b) which confer first 

professional medical degrees. 

D . 3 .  Other Health Institutions 

Institutions which are primarily engaged in health science but 

which do not confer first professional medical degrees. These 

institutions are those which satisfy criterion (a) above, but do 

not award any first professional medical degrees (M.D., 

D . D . S . ,  O . D . ,  D . V . M . ) .  

D . 4 .  Engineering Schools 

Institutions in which either the number of degrees awarded in 

the area of engineering (0900 field in the HEGIS Taxonomy) 

exceeds 60% of all degrees awarded, or, alternatively, the 

number of such degrees awarded exceeds 50% of all degrees 

awarded and the number of baccalaureate programs offered is 

fewer than 5. 
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D.5. Business and Management Schools 

Institutions which confer over 60% of their degrees in the area 

of business and management science (0500 field in the HEGIS 

Taxonomy), or, alternatively, the number of such degrees 

awarded exceeds 50% of all degrees awarded and the number of 

baccalaureate programs offered is fewer than 5. 

D . 6 .  A r t ,  M u s i c ,  a n d  D e s i g n  S c h o o l s  

Institutions which either confer over 60% of their degrees in the 

area of art, music, and/or design (1000 field in the HEGIS 

Taxonomy), or, alternatively, the number of such degrees 

awarded exceeds 50% of all degrees awarded and the number of 

baccalaureate programs offered is fewer than 5. 

D . 7 .  Law Schools 

Institutions in which either the number of professional law de

grees (L.L.B. or J.D.) plus the number of other degrees 

awarded in law (1400 field in the HEGIS Taxonomy) exceeds 60% 

of all degrees awarded, or, alternatively, the number of such 

degrees awarded exceeds 50% of all degrees awarded and the 

number of baccalaureate programs offered is fewer than 5. 

D. 8. Education Schools 

Institutions which confer over 60% of their degrees in education 

(0800 field in the HEGIS Taxonomy), or, alternatively, the 

number of such degrees awarded exceeds 50% of all degrees 
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awarded and the number of baccalaureate programs offered is 

fewer than 5. 

D . 9 .  Other Specialized or Professional Schools 

Institutions which grant degrees in fewer than three programs 

at the baccalaureate level, master's level, and the doctorate 

level, and which did not confer over 50% of their degrees in 

any of the above categories. 

E. Two-Year Institutions 

These are institutions which confer fewer than 25% of their de

grees at the baccalaureate or post-baccalaureate level, and 

confer over 75% of their degrees or awards for two years of 

work, or formal awards and completions requiring less than two 

years of work. Institutions with a two-year upper division 

program would not fall in this category because they grant bac

calaureate degrees. These institutions can be further classified 

in either occupational areas or general academic preparation. 

E. 1. Comprehensive Two-Year Institutions 

Institutions in which the number of degrees awarded in occupa

tional and vocational areas is greater than 20% but less than 80% 

of all degrees awarded. 

E . 2 .  Academic Two-Year Institutions 

Institutions in which the number of degrees awarded in the aca

demic area (5600 field in the HEGIS Taxonomy) is at least 80% 

of all degrees awarded. 
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E . 3 .  Multiprogram Occupational Two-Year Institutions 

Institutions which confer degrees or awards in two or more 

occupational programs and which grant less than 20% of their 

degrees in the academic area (5600 field in the HEGIS 

Taxonomy). 
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Table B-l. 

Type of Institution Public Private 

A. Major Doctoral-Granting Institutions 110 63 

A . l  M a j o r  R e s e a r c h  I n s t i t u t i o n s  5 1  2 6  

A . 2  O t h e r  M a j o r  D o c t o r a l  I n s t i t u t i o n s  5 9  3 7  

B. Comprehensive Institutions 248 150 

C. General Baccalaureate Institutions 119 634 

D. Professional and Specialized Institutions 83 535 

D . O  U . S .  S e r v i c e  S c h o o l s  8  0  

D . l  D i v i n i t y  I n s t i t u t i o n s  0  2 7 0  

D . 2  M e d i c a l  I n s t i t u t i o n s  3 2  2 2  

D . 3  O t h e r  H e a l t h  I n s t i t u t i o n s  2  3 2  

D . 4  E n g i n e e r i n g  S c h o o l s  1 4  2 5  

D . 5  B u s i n e s s  a n d  M a n a g e m e n t  S c h o o l s  2  4 5  

D . 6  A r t ,  M u s i c ,  a n d  D e s i g n  S c h o o l s  4  4 5  

D . 7  L a w  S c h o o l s  1  2 0  

D . 8  E d u c a t i o n  S c h o o l s  2 0  3 2  

D . 9  O t h e r  S p e c i a l i z e d  o r  P r o f e s s i o n a l  S c h o o l s  0  4 4  

E. Two-Year Institutions 910 246 

E . l  C o m p r e h e n s i v e  T w o - Y e a r  I n s t i t u t i o n s  6 3 1  4 8  

E . 2  A c a d e m i c  T w o - Y e a r  I n s t i t u t i o n s  5 0  1 0 2  

E . 3  M u l t i p r o g r a m  O c c u p a t i o n a l  T w o - Y e a r  
Institutions 229 96 

TOTAL 1,470 1,628 
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