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Abstract

Estimation of cost functions offers quantitative information for existing relations
between total expenses and the level of output, while the theme of economies of scale
is important for government decision making in many public owned activities, including
that of education. This paper provides a framework for the measurement of economies of
scale at the University of Athens, which is the most representative institution of the Greek
Highest Educational System. Making use of annual data and a variation of cost functions
and variables, we evaluate the importance of the & -coefficient, which measures economies
of scale. The basic conclusion of this case study is that the Institution is in the area of constant
returns, a fact that must be seriously taken into account by all involved policy makers [JEL I].

Keyiuords : Costs, educational economics.

1. Introduction

The economics of education has been developed rapidly since the
1960's and certainly has a long life to live in the future.
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In recent years, the role of returns to scale in education has been
increasingly attracting the interest of both economists and educationalists.
Many important current public policy issues in education can be greatly
illuminated from the standpoint of returns to scale, offering useful insights
today as in the past.

This study seeks to estimate function coefficients, (: elasticities of
returns-to scale) for the University of Athens. This Institution is chosen
as our unit of measurement, because it is the oldest, the largest, and the
most historical University of the country, and hence representative of the
whole Highest Educational System. As might be expected, the results and
policy implications of this study can be useful to other Greek Institutions.
This is particular true since the University of Athens,like the University of
Salonica, is the only institution which is really a university in the classical
sense as it is used all over the world, encompassing all sciences and arts.
Finally, data availability was, also, a reason for our choice.

There are, various methods to estimate economies of scale, which, in
general, are classified as the "economic approach” and the "engineering
approach”. If we follow the former, we have to examine the conditions of
production in an effort to estimate the presence (: or absence) of economies
of scale. Alternatively, this may be accomplished by a simulating process
of cost’. Most of the studies in education have adopted a statistical
approach of either cost or production functions.

This study estimates cost functions, despite of the (additional)
difficulties involved in this approach, at least, according to our opinion.
Furthermore, the study is at the University level, and no attempt is made
to determine returns on individual facilities and departments. Time series
data are used covering the period between 1975 and 1996, and the selected
econometric technique is the OLS.

2. Educational production, cost and returns to scale : theory and
practice

2.1 Underlying theory

If the historical dynamic process of the Greek educational system at
the tertiary level could be observed from a macroscopic point of view,
economies and /or diseconomies of scale as well as different public policies
would be noticed. A monopoly or oligopoly structure could be also
detected. There are legal and economic reasons for such a structure,
although the social cost advantage of having a regulated "monopoly”
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in highest education is a crucial element which seems to have been
challenged by potential entrants, some economists and some politicians.

Apart from the debate, the University of Athens, as any other
institution, combines inputs to "produce" educational services. Despite
important differences existing between private firms and an education
institution, the general idea remains the same. A university transforms
factors of production into outputs.

The production set, T, is the set of all points (x, y), where x is a
vector of inputs, y is a scalar of output, such that y can be produced
from x.

Q) (x,y) € TorxTy where T C R" * R such that xTy "asserts the

possibility of the transformation of x into y"°. Given this notation,

returns to scale can be defined from a production approach.

2 V(Xi)GT, (AxA’Y)€T, 1 <A<&, 6> 1, r> 1-> (increasing)

returns to scale,that is, the proportional increase in any input vector of
a point on the production set can produce a greater than proportional
increase in output.

An alternative way of looking at this matter is by using the
production function, y = F(x), y G R, x € R", which is the equivalent
to the upper bound of T, i.e. F{x) = sup T. Increasing returns to scale is
then defined as
3 y=F(x)->A4"my=F(Ax),A> 1, r>1
or using the function coefficient (: scale elasticity)?,

(4) e - > 1

The transformation of inputs into outputs involves expenses for the
University as for any other producing unit, in terms of both money (:
factor inputs have their prices) and opportunity cost (: the cost of their
best alternative use). The total cost of production is given by

c= £n”i*i =ciy)r
1=1
where c(-) is the long-run total cost function, y is a scalar of the level of
output, and pj.s are the inputxjrices *.
There are increasing returns to scale (: economies of scale) if one of the
following holds :
(1) V(y.¢), ¢ = ¢fy), {dc)/(dy) > 0, (d’c)/(dy’) < 0, that is, if total
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costs increase at a decreasing rate.

@ VO,c), ¢ = d(c/y)/(dy) < 0,orelaborating the derivative,

d . .

—c(f—)’\ = —,-C— ————— ‘| <0 that is, when marginal costs are lower than
b% \dy vi

average total costs.

(3 k<1 where kis the elasticity of total cost, — « -. It is essential
dy c

to remember here that economies of scale (: £ < 1) implies increasing

returns to scale (: £. > 1) since it is known in economics that &

— 1.

(4) The elasticity of average cost, y, is negative, where y =
)’_ =

k-1, forO<k<lory=1/e-1,fore>1.

2.2 Practical issues

a. The theoretical views cited above is an empty set if one does not
specify the objective,the expenses occurred by the University overtime,
the output "produced" and the cost function(s) to be used.

The "physical” conditions of offering educational services, the price
of inputs and the supposed efficient conduct of a university determine the
expenses occurred by the institution. This study is primarily interested
in calculating the cost of the University of Athens over time, and it
recognizes that economists are principally inclined towards the social cost
of production, that is, the amount of other services that must be sacrificed
by the State in order to use resources in education rather than in these
other services. For instance, the educational resources might have been
directed to Defence or the Health System. Opportunity costs must be,
also, taken into account in any cost analysis. However, in empirical
studies, researchers use either accounting or economic cost to estimate
total expenses, depending on availability of data.

Researchers also discriminate between current and capital cost. The
first includes all expenses concerning services and materials of immediate
and short-run use, which are yearly renewed, while the latter includes
expenses on capital goods with long-run returns.

Apart from the problem of how close measured expenditures
represent cost as defined in theory °, researchers have to decide between
current and capital cost. In practice, both have been used depending, of
course, on the objective of the research. In this study, total expenses are
used for estimation, not only because it is compatible with the general
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economic theory,but also because our topic concerns economies of scale
over a long period of time. According to our stand, spreading overheads
across many units of output is not the only reason for (fixed) cost per unit
to decline. Thus, as the size of the University of Athens becomes larger
over time, certain well-known forces work together to generate economies
of scale (: specialization and division of labor, technological factors),
and/or diseconomies of scale later (: limitations to efficient management).
Hence, the present study considers both overheads and variable costs.

The method of forming the data herein is related to the type and
source from which they originate. Basically this study uses data from the
Ministry of Education and the National Statistical Service. The following
items are included in current cost: expenditures on personnel (teaching
stuff, secretarial, auxiliary personnel), expenditures on stationery, bell and
postal expenses, cost on books, transport expenses, and other expenses.
Capital expenditures comprise items like buildings, machines, technical
machinery and equipment, and new teaching facilities.

In all models, total cost is in terms of constant purchasing power, b.
While the form in which the data are available often dictates the
choice of the unit of the research (: university, school, department) and
the type of analysis (: cross- section, time series), our main interest in
the location of returns to scale over time for the University of Athens as
a whole is attributed to other reasons as well. There has been a societal
coercion on governments during the period between 1975 and 1996 to
increase the number of students in Greek universities. This is mainly due
to ethics, psychology and,in general, the "eccentric" temperament of the
average Greek household, which is shaped by the particular conditions
prevailing in Greek society and politics. The concommitant well-known
debate between the State, pushing upwards the number of the students
to enroll, and the University principles striving to restrain numbers, have
ended up almost always with the State as winner for political reasons.
Hence, since Greek universities are in essence owned and operated by the
State, doubts have been cast upon the issue of whether the University of
Athens has any further limits for increased enrollments. In other words,
our hypothesis of investigation is whether economies of scale have existed
during the sample period (: 1975-1997), and/or if they are approaching
unity. If the latter is true, we believe a signal of alert must be sounded
concerning the conditions which are necessary to minimize costs in the
future. In conclusion, the University of Athens has been selected as
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our unit of analysis, and cost functions will provide an answer to the
relationship between its expenses and its size.

c. The choice of the independent variable(s) is the next subject to consider
here. Researchers use a variety of measures, such as number of students
on the roll®, teachers salaries, change in number of students, the average
number of courses taught by teachers ’, research activity, the student/staff
ratio®, the rate of population growth and other demographic trends™,
price trends in educational expenses™, and others. The key is, perhaps,
to use as many regressors as possible to improve the fit. However, it is
not clear, from the relevant empirical work, which regressors are the best
so that a particular set might be selected on a priori grounds, - with the.
exception of the general concept of "output™ measured with some method
or index.

While certainly some regressors appear to improve the fit, others
contribute either marginally, or not at all. The results are rather variant
to the specification of the cost function, the unit of measurement” high
school, university, etc), and the country concerned. While the inclusion of
too many regressors at times creates statistical problems, the question of
data availability is, also, a crucial factor in any analysis.

In the present study, five regressors are used as determinants of

total expenses: n\ (the number of students in enrollment), ni (the
number of postgraduates), Si (the student-staff ratio), n$ (the proportion
of postgraduates in the student.body), and »* (a compound index of
students which is explained in the next section).
d. The choice of the functional form is the next issue to be decided upon.
Many cost functions are available in economic theory and even more in
empirical work, including the educational sector. The quadratic and cubic
cost functions could not be excluded from our analysis, since it is known
that both can define a minimum point on the average cost curve. Two
more specifications are also used: the linear and the log-linear models. All
models are combined with our regressors mentioned above, and standard
regression and economic analysis is applied to estimate the parameters
and the coefficients of economies of scale.

3. Empirical analysis
3.1 Procedure

Two are our basic hypotheses with respect to the general procedure
followed in the present study :
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(@) The dependence of total expenses on output, or scale, which is
represented by a cost function

C=finy

where n denotes a measure of scale, or output, and y a vector of
other variables, and

(b) Positive or negative economies of scale would cause total cost
to rise less or more rapidly than output. Translated in terms of
elasticity,this study seeks to estimate the coefficient of total cost
elasticity, &, as defined in section 2",

Four general conventional models were used to capture this effect:

a. The Linear Model

b. The C-D relationship

¢. The Quadratic Model, and
d. The Cubic Function

For each model, various forms are estimated on the basis of the
definition of output and the vector of additional variables. In particular,
"output” is defined, alternatively, as »\ (: the number of students on the
roll) and M4 (: a compound index for students). The construction of the
index is made possible, since undergraduate students and postgraduates
are almost non-joint "products" in the case of the University of Athens.
The structure of graduate studies in this particular Institution, or, for this
matter, in any other highest educational school in Greece®, reinforces the
fact that the two "products™ are produced within the University using
to a great degree separate production functions, in which certain inputs
are specialized to each output. It follows that independent activities are
carried on under the same roof, which is a non-genuine joint production
process. This would, also, allow for the estimation of the proportion of the
two outputs. This rationale is further supported by a priori considerations,
since the departmental and university policy was to enroll a rather fixed
number of graduate students as a function of the undergraduate students
on the roll during the period between 1975 and 1996.

To the extent that these arguments are valid - pending the
econometric analysis - we were able, on the one hand, to define a
compound unit of output as £ units of x| (: undergraduate students) and
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1 unit of 7?2 (' postgraduate students) and to readjust the series of output
to get 714, and, on the other hand, to experiment simultaneously with both
regressors n| and 712 ™ the Cobb-Douglas specification™.

Standard regression analysis and econometric testing is applied for
each model and its variants. In particular, selection among various
specifications is based on the Akaike information criterion, while a
restrictions test is run on the estimated scale coefficients. In addition,
where is needed, a redundant or omitted variables test is conducted to
test the statistical significance of a subset of our included variables.

In the presence of auto-correlation, equations are re-specified before
using them for hypothesis tests, with the inclusion of auto-regressive (AR)
and/or moving average terms. Serial correlation is detected by using the
Breusch-Godfrey multiplier test for general high-order ARMA errors.

Heteroscedasticity may also create a problem, since in its presence,
the conventional computed standard errors are no longer valid, even if the
estimates are consistent. Detection is left to White's test, and, if present,
correction of standard errors is made with the use of White consistent
covariances estimator™.

3.2 Results

Table 1 presents the estimated models. For each, only the selected
specifications are shown. Not all models did well. Besides, all specifi-
cations did not have the same explanatory power or the same robust
results. In general, all linear and log-linear specifications have invariably
greater explanatory power than the quadratic model, while the cubic
version gives very poor results. While effort was made for further
selection, running the relevant tests as described in the last section
(: including a ; -test for non-nested models)'® we keep all forms in Table 1,
not only because it is necessary to have a more spherical picture of overall
results,but also, because all estimated forms, - with the exception of
the cubic model - give robust effects concerning the economies of scale
coefficient (: see description below, and Table 1).

a. The Linear Model

From the many specifications of this form, four are kept for a brief
review here. The selection is made as described in section 3.1 above.
Regressor no, (: the ratio of postgraduates to the student body) is dropped
because its coefficient is not significantly different from zero. The only



RETURNS TO SCALE 165

exception is the one in which it is proved to be redundant, according to the
relevant test. On the contrary, Sj (: the staff-student ratio) proves to work
well, improving the fit when combined with »” (: our compound index
of student enrollment), while the results are poor when combined with
n\ (: number on the roll). All four equations are free of serial correlation
and heteroscedasticity. Both versions (i.e. with »n\, and with n,), prove
to have relatively large explanatory power (: R° = 0.62 when n is the
regressor, and R’ = 0.67 when n$ is used). A ;-test on these two
specifications showed that the fitted values from specification 14 do not.
enter significantly in specification /3, but the fitted values of J4 do enter
significantly in /8. Thus, we accept the specification with the n$ against
that specified with nl.

Since the main hypothesis of interest is the scale elasticity, we
estimate k& for each equation. This can be seen from the table, using the
slope of the fitted cost functions (: regression coefficients)!’. Economies
of scale are present in three equations, since elasticities are lower than
unity, ranging from 0.843 to 0.857. The fourth elasticity is slightly greater
than unity (: 1.071) in the estimation with no constant. Since it was
felt on a priori grounds that the University of Athens is temporally and
rapidly expanded due to the well-known social and political pressures to
enroll more students than those approved by the Institution (; see section
2.2 above), we impose the restriction of constant returns to scale. In
other words, we estimate a statistic measuring how close the unrestricted
estimate comes to satisfying the restriction under the null hypothesis.
In all four cases, the unrestricted estimates are close to satisfying the
restriction. Therefore, the hypothesis of constant returns to scale is
accepted (: See Table 1, column labelled Ho (: k£ = 1)).

b. The Log-linear Model

Table 1 presents further the results for the best versions of the Cobb-
Douglas specification. Again, U3 is dropped from all specifications,
because its coefficient is statistically insignificant, while Si proves to be
an omitted variable by the relevant test, improving the fit in equations 111
and 113 which make use of only one output (: #| and n+ alternatively).
However, when Si is added to the two output version (: regressors
log Hi and log 7*2), it renderes very poor results since the coefficients
of all variables turned out to be statistically equal to zero, and hence
it is dropped from the equation. In fact, this version of Cobb-Douglas
(: without S) shows that regressor log«2 is not statistically significant
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(: see model 116 in Table 1). A redundant variable test confirmed this
result.

Once again, our prime interest is in the &£ coefficients. One attractive
feature of the double-log model is that the estimated coefficient of output
measures directly the elasticity, of total cost, & ‘2. Even in this model, all
computed elasticities are lower than one, within a small range from 0.830
to 0.975. The test of (the null hypothesis of) constant returns to scale is
accepted in all versions.

C. The Cubic Model

All versions of the cubic model have invariably poor results.
The ratios Si and »” are dropped, because their coefficients are not
statistically significant and the relevant test give them as redundant
regressors, either individually or together, when combined with both #\
and ny, alternatively. Regressors to the 1%, 2" and 3" power (: for both n!
and n+) have, in general, the expected sign, but their coefficients are
always insignificant at the presence of a statistically significant R’ . This
indicates that this functional form is not appropriate. A / -test to choose
between the two versions (: one containing »\ and the other n\) showed
that neither specification is accepted (: see Model 111, column labelled ;-
test). For the sake of an exercise, we calculated the average cost curve
dividing both sides of the estimated total cost function by =\, and we
provided the first order condition for minimum average cost. This occurs
with an enrollment of n\ = 42372. Marginal costs are minimized at
n\ = 14124. According to this specification, optimal size has not been
yet reached at the University of Athens. In fact this Institution is still on
the falling portion of the AC curve, in contrast to the results given by the
other models. But once again, no confidence at all can be placed on this
no-linear form of total cost function.

d. . The Quadratic Model

Turing to the quadratic model, we observe that only the equation
with »\ and with no additional variables give acceptable results (: selected
model IV, Table 1). The student-staff and the graduate-student ratios are
redundant, while the form with »n”, does very poorly with or without the
ratios.

The equation is free of serial correlation and heteroscedasticity.
Although this equation does not improve the fit compared to the rest
models, it is used for an estimate of the average cost curve, and the
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minimization process located economies of scale in the university of
Athens, up to an enrollment of 30367 students, with the mean value of
n\ (: number of students for the whole period to be about 32000 students).
According to this formulation, the Institution has been already entering
the flattened section of the average cost curve. This, is an indication that
economies of scale are being exhausted. Even this model, then, reassures
that we are in the area of constant returns to scale.

4. Conclusions

This study is the first attempt, as far as we kriow, to estimate product-
specific economies of scale in the Greek Highest Educational System-either
as whole or in specific institutions - using time-series analysis.

Alternative cost functions and regressors were used to shape a
framework for the measurement of economies of scale coefficients. The
policy dilemma, stated already in the paper, is obvious in the presence or
absence of such economies.

It appeared initially that economies of scale were present at the
University of Athens during the selected period, but the decisive relevant
test on k -coefficients showed that economies of scale are being exhausted.
This result suggests that the University of Athens has already reaped
whatever benefits have existed from scale change. From now on, as the
size increases over time, forces connected with inefficient management
may take over and generate diseconomies of scale. Of course, if the
institution is in the area of constant returns of scale, policy makers need
to take it seriously into account, particularly by revising their practices to
enroll additional students on political rather than on economic criteria.
.Evidence for the optimum size cannot be extracted from most of our
estimated models. But the minimization process in the quadratic model
does show economies of scale up to 30367 students, a size somewhat
smaller than the number of students the last years outside the sample
period.

Finally, a caveat must be noted. This study is based on student
enrollment, in various forms, to measure the size. Quality and other
measures of size were not considered, primarily due to data limitations.
Obviously, no interactions between scale and quality are allowed by our
analysis, since overall efficiency is considered fixed. However, our overall
goal was the location of economies of scale and/or the minimization of
costs for the University of Athens, given the level of efficiency.



Table 1
Estimated Models
Model Regressor | Coefficient | f-statistic R’ TestonR*> d  R/O test I-test Ho(:fc=1)
I. Linear
il C=flini "1 0.735 8646 [061] sign [ 16[SiN, red — 10 | k=1
I, C=a,+fli4 constant [ 5655.6 0.798 | 0.6 sign  [1.62| N;:red — . 085 =1
«4 0.0058 2.673 SA-.On
I, C=fl+«l«d + fI2SI constant | 15628.6 3284 (07 sign 181 — Accepted (:against 14) |0.8 k=\
«4 0.0058 4173
Si -740.38 6.966
14 C=«o+flini constant | 5649.2 0.796 ] 0.6 sign 1.62| N5S1 :red | Rejected (ragainst 73) |0.8 k=1
"l 0.5790 2,670
1. Log-linear
I 1°gC = "o + “\ log«i constant | 14610 0446 [06]| sign |162] N5:red 0.8 k=1
logni 0.8303 2616 Si:On
112 logC = flg +"l log«l +«28I constant | 0.3997 | 0116 |06| sign [199] — — 09| -1
log ni 0.9753 2.858
Si -0.0319 -2.574
13 logC = flo +"l log "4 constant | -2.3594 | -0.498 | 06| sign |1.63| Ns:red - 0.8 k=1
logn, | 08301 | 2615 Si:0n
114 logC = fly + «ilogn4 + fI2'Si constant | -2.6017 | -0.891 |0.7| sign 188 Ms;:red — 08 | ife=I
logn, 0.8779 -4.502 Si -0,
Si -0.0338 -7.089
115 logC = fly + «llogMI +fl,log«2 | constant |  1.6657 0501 | 0.6 sign  [1.74] log «2 ™ — 0.8 jfe =1
logni 0.8409 2.618
log«, -0.0535 | -0.956

(Contd. Table 1)
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Model | Regressor | Coefficient [f-statistic| R [TestonK?’| d | R/0 test /-test k| Hy(:k=1)
111. Cubic
i C=«Q+ "l +"2"i + fI3«i | constant | -367448 | -1.203 |07 sign [1.15| N5, Si :red | Riected (: against I112) |—|  k<V
« 36.3298 1234
"l -0.0011 -1.24
"l 1.18E-08 1.204
Hl, C=flp+ "4+ "2l + 734 constant | -367620 | -1.201 [0.7 sign |1.15[N5, Si :red| Riected (; against /77;) |— —
"4 0.3633 1.232
w1 | -LI3E-07 | -1.208
wD | LIBE-14 | 1201
1V. Quadratic
Vi C=fly +"«l"2«2 constant | -209701 | -3.555 [ 0.4 sign [1.38[N3, Sired — —  Jt«l
n\ 14.6916 3.958
n\ -0.0002 -3.956

NOTES: fc* minimum cost at 42372 students A:**

minimum cost at 30261 students d :

Durbin-Watson statistic sign: significant

at the 5% level

R/0 test redundant or omitted variables test(red = redundant,O,, = omitted) K

- economies of scale coefficient H, (- k =1) : Null Hypothesis that k =/ «i :

students on the roll

«4 : The compound index of student enrollment N5 : The

proportion of postgraduates in the student body «2 : The
number of postgraduates Si : The staff-student ratio

VU3 0O

8
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Notes

1
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10.

11.

12,

13.

14.

15.

16.
17.

18.

For a cost approach see Brinkman and Leslie (1986), Cohn and Geske
(1990), Johnes (1997), Kenny (1982), Layard and Verry (1975), Lee (1984),
Osborne (1989) and Stone (1992). Other Studies are mentioned in the
text. For a production approach, see Bailey and Friedlander (1982), Bear
(1974), Cohn et al. (1989), Hanushek (1986), Layard and Psacharopoulos
(1974), Psacharopoulos (1994) and Welch (1970).

S. N. Afriat (1966), p. 4.

Intrilligator (1971), p. 181.

It is assumed that the output-cost correspondence, (y,c), is on the
lower bound of the total cost set (C > C(y)), that is the institution
chooses the optimal scale for the output level. This lower bound is the
long-run total cost function, C = inf C.

See Verry (1987).

See Verry (1987).

See Riew (1966).

See Layard and Verry (1975).

See for instance, World Bank (1986).

See Ta Ngoc (1972) and OECD (1976).

See Vaizey and Sheeman (1968).

Returns to scale are easily extracted from the Knowledge of %, given
the inverse relation between total cost elasticity £ and the function
coefficient e.

This is true up to 1995 at least. Lately, there have been certain changes
and restructure of the whole system of graduate studies.

If two products are.produced in a fixed proportion (: n\fni — k, where
k is a constant), the analysis for a single output can be applied in the
place of the analysis of joint products.

White (1980).

Davidson and Mackinnon (1993).

For the linear model, the slope coefficient remains the same and the
elasticity changes from point to point on the cost curve. In practice, the
elasticity coefficient is usually computed at the sample mean values of
the two variables to obtain the average elasticity.

In contrast with the linear model, the slope coefficient in the log-linear
model is variable but the elasticity coefficient is constant.
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