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Abstract

We estimate measures of economies of scale and scope for a sample of 48 Canadian uni-
versities that produce multiple outputs. Estimates have not been previously attempted
for Canadian universities to our knowledge. Declining financial support from provincial
governments makes finding cost efficiencies a priority for policy makers. Our approach
features two useful innovations: by using panel data for 2011-2019, instead of a cross-
section for a single year, there is more variation in the variables to estimate a multi-product
trans-log cost function; and we consider the appropriateness of using research funding as
a measure of research output by alternatively using publication counts. We did not find
economies of scale at any university size but did find ray economies of scale up to 60% of
the median university size. Economies of scope were evident up to roughly 1.2 times the
median university size. No significant differences in results were found between using
publication counts or research funding. Small institutions that cater to different outputs
could be merged into comprehensive institutions. The lack of economies of scope for
Canada’s larger universities suggests that they could be broken up into smaller specialized
institutions if cost efficiencies are a priority.

Keywords: economies of scale; economies of scope; Canadian universities

1. Introduction

To economists, discussion of the efficient size of an organization generally boils down
to its economies of scale, the level of output that achieves constant returns to scale—the level of
output where a small increase or decrease in output does not change the average cost (cost
per unit of output). In a market economy, competitive pressures force profit-maximizing
firms constantly to strive to produce more efficiently and achieve constant returns to
scale. Firms that produce with increasing returns to scale (decreasing average cost) should
increase their output, if demand allows, to achieve their efficient scale of output (size).
Likewise, firms that produce with decreasing returns to scale (increasing average cost)
should consider decreasing their output or divesting themselves of parts of their business.
Information about the efficient organization of production can be deduced by observing
organizations in the same industry that survive and prosper in a competitive environment.
However, in the context of publicly funded higher education in Canada, the answer is
not so simple for at least three reasons: (i) tuition fees paid by students do not cover
the full cost of their educational experience and are regulated by Canada’s provincial
governments; (ii) operating grants that fund large portions of university operations are
determined by provincial governments using a mix of formula-based and discretionary
methods; and (iii) all universities in Canada and elsewhere produce multiple outputs, not
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just undergraduate education. The financial constraints placed on Canada’s universities
imply that the only margin that they have is to choose an enrollment size that achieves an
efficient scale of operation in terms of total costs. Rockerbie and Easton (2024) provide a
review of the Canadian university system and its challenges.

Our study will estimate economies of scale and scope for Canadian universities by
incorporating several innovations. First, due to the much larger availability of financial
data from the CAUBO database (Canadian Association of University Business Officers),
economies of scale and scope can be estimated using panel data covering several years.
Previous studies for Canadian universities have suffered by only having access to a single
year of financial data; thus, they are only able to estimate scale and scope economies for very
large groups of institutions with limited variations in the data. Second, the availability of
publication counts for Canadian universities offers an improvement in measuring research
output in comparison to the use of research funding often used by other studies. Publication
counts were used as a measure of research output by de Groot et al. (1991) for a sample of
U.S. universities. The association between publication counts and research funding was
investigated by Gralka et al. (2019) in the context of performing a data envelope analysis to
measure cost efficiencies for universities in Germany. They found little difference using
either measure. Our results will add evidence to this question. In addition, our results
will provide useful policy recommendations to Canada’s university administrators and
provincial governments concerning future paths for specialization in programs and the
possible diversification of existing programs to achieve cost efficiencies.

Estimating the cost of producing academic outputs is complicated by the fact that
many, if not all, universities produce multiple products. Typically, the products include
undergraduate and /or graduate instruction and research output. In addition to these basic
outputs, many institutions also produce public services such as medical services, business
assistance programs, museums of various sorts, theater productions, and the like. And, of
course, universities produce both intramural and extramural athletics. Thus, for purposes of
estimating unit costs, it is essential to treat universities as multiproduct “firms.” Further, it
seems highly likely that the production of certain outputs affects the unit cost of producing
other outputs. For example, the production of graduate instruction requires hiring faculty
with more extensive training and ability than is required to teach only at the undergraduate
level. Doctorally qualified faculty are more expensive to hire than non-doctorally qualified
faculty. To the extent that the set of faculty providing graduate instruction and the set
of faculty providing undergraduate instruction are mutually exclusive, the provision of
the former has no cost spillover to the latter. However, if the graduate faculty also teach
undergraduate courses, then the unit cost of providing undergraduate education will be
higher at universities that produce both graduate and undergraduate education than at
those that produce only undergraduate education. On the other hand, to the extent that
relatively low-paid graduate students are used to teach undergraduate courses, unit costs
of the latter may be lower than one would find at traditional undergraduate-education-
only institutions.

The ability to achieve lower average costs by offering a greater variety of outputs
is termed economies of scope. There is evidence that higher education is characterized by
(dis)economies of scope. Using data from 1981 to 1982, Cohn et al. (1989) estimated
multiproduct cost functions for 1195 U.S. public colleges and universities and 692 private
U.S. colleges and universities and found that at the mean levels of outputs in their samples
there were economies of scope in private sector institutions and diseconomies of scope in
public sector institutions.

The empirical method to estimate economies of scale and scope involves the estima-
tion of a non-linear cost function using multiple regression methods. Data are acquired
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regarding the various costs that universities incur, as well as measures of their various
“outputs”. Statistical tests of restrictions of the regression coefficients suggest evidence for
the returns to scale of average costs and the presence of economies of scope.

The empirical literature estimating scale and scope economies for universities is
moderately extensive, although a single study exists for Canadian universities. Dickson
(1994) found evidence for increasing returns to scale for Canadian universities using data
for 1986. The empirical method employed is simplistic and relatively more powerful
econometric methods have become available recently, the sample is limited only to one year,
and the types of degrees offered are not controlled for. We hope to improve on this study
by using more detailed data for a larger sample of years and more powerful econometric
techniques to reduce the likelihood of bias in the results.

A much larger sample of literature exists for estimating scale and scope economies
for U.S. universities, only a sample of which is given here. de Groot et al. (1991) found
economies of scale and scope for a sample of 147 universities using 1982-1983 data. Koshal
and Koshal (1995) grouped universities into four categories based on their size (measured
by student enrollments and revenues) and type of degree offered (undergraduate only or
comprehensive). The results for 204 U.S. universities for the year 1990 suggest increasing
returns to scale and large positive reputational effects on overall costs. Koshal and Koshal
(1999) follow up their earlier study with a larger sample that controls for degree type, public
and private institutions, and multiple outputs, using 171 public and 158 private intuitions,
respectively, for the year 1991. They estimate significant increasing returns to scale and
economies of scope; however, they also estimate lower economies of scope for smaller
institutions. Liberal arts colleges also exhibited economies of scale and scope, but not
surprisingly, cost inefficiencies in producing research (Koshal & Koshal, 2000). Hashimoto
and Cohn (1997) found economies of scale and scope in a sample of 94 private universities
in Japan using data for the year 1991. Undergraduate and graduate students were found to
demonstrate stronger returns to scale and scope for smaller universities, while research
output stronger for larger universities. Laband and Lentz (2003) use a much larger sample
of 1492 private institutions and 1450 public institutions in the U.S. using data for 1995.
Their results suggest universities operate with increasing returns to scale, but do not benefit
from economies of scope when outputs are classified as undergraduate education, graduate
education, and research output. Sav (2007) found economies of scale for U.S. private sector
institutions, but only for small public sector institutions. Sav (2011) found diseconomies
of scale after controlling for the type of institution (Ph.D, Masters, undergraduate), with
economies of scope for all types using a sample of U.S. institutions over 2000-2007.

Longlong et al. (2009) test for economies of scale and scope in a sample of 74 univer-
sities in China, in the year 2000. They found economies of scale in research output but
diseconomies of scale in undergraduate and graduate enrollments. Economies of scope
were found for smaller institutions but not larger institutions. Testing for economies of
scale and scope has proven popular using U.K. universities. An early example is Johnes
(1996), who found economies of scale and scope, followed by Johnes (1997) with largely the
same results. Johnes and Johnes (2016) test for economies of scale and scope using a sample
of 103 universities in the U.K. for the year 2013. The method differs from that proposed
here in that it uses a frontier estimation method that estimates the “distance” at which an
institution achieves its total costs relative to an estimate of the “efficient” cost (that which
lies on the cost-minimizing production frontier). This has become a popular estimation
method (see also Izadi et al. (2002) and Hashimoto and Cohn (2014)), however, it asks a
different set of questions. Regardless, the results suggest increasing returns to scale and that
U.K. universities operate very close to their efficient frontiers, leaving little room to achieve
greater efficiencies. More recent contributions include Vamosiu et al. (2018) and Vamosiu
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et al. (2024) that both utilize data for U.S. colleges. A useful review of previous research
is provided by Toutkoushian and Lee (2018). Zhang and Worthington (2018) provide a
useful review using meta-analysis. Whether universities can achieve cost savings and
scope economies by merging was tested by Mizutani et al. (2024) for a sample of Japanese
universities using 2014 and 2018 data. They could not find evidence of either effect.

The plan for our paper is as follows. Section 2 describes the research methodology used,
specifically the specification of a multi-output cost function that possesses the standard
theoretical properties of a cost function, and the measures of economies of scale and scope.
Section 3 describes the measures of output, a factor price used in the cost function, as well
as the sources of data. The estimated cost function is presented in Section 3. And provides
the estimates of returns to scale and scope. Conclusions are provided in Section 4.

2. Methodology
2.1. Method

Estimating economies of scale for a multi-product firm requires the estimation of a
cost function that includes the firm outputs and factor prices. The cost function should
conform to the economic properties of a proper cost function (Greer, 2012). These properties
include producing non-negative quantities of output, non-negative marginal costs, and
linear homogeneity in factor prices (factor prices and cost increase by the same proportion).
The quadratic cost function is simple to operationalize and conforms to these properties. In
our case, the cost function contains k outputs for each of the N universities in our panel
estimate, with outputs denoted by j and m and university denoted by i = 1 to N. Each of the
k outputs for university i is denoted as Qj, the factor price is denoted as S;, and total cost is
denoted as C;.

1
(“0+’70+Z§=1 “jQij+7 25?:1 er(n “ij]'Qim)

Ci=e 2 sP (1)
Taking the natural log of (1) gives the form of the estimating equation for university i
in period .
InCjy = ; Ly* y* InS 2
nCit = o + Yo + ) i1 4jQjt + 5 2]-:1 Yo ®mQjtQumt + BInSit + zit 2)

Our panel data contains observations over a sample of years for each university;
however, we exclude time subscripts in further equations for convenience. Each output is
captured in a linear term, a quadratic term, and a cross-product term for each of the other k
— 1 outputs. The term v, is a fixed effect that accounts for different fixed costs among our
sample universities. The random error term is denoted by z. Our quadratic cost function
does not include interaction terms between the factor price S and the outputs to preserve
the linear homogeneity in the factor price S. Linear homogeneity is confirmed in our model
if the estimate of j is not significantly different from one, but that may not be the case
if there exist excluded factor prices that we cannot observe (such as administrative and
support staff salaries, variable equipment and supply prices, and so on).

Our outputs include annual undergraduate FTE’s (Qy), annual graduate FTE's (Q),
and annual research output (Qr) measured by the total number of faculty publications.
Agasisti (2016) could not find scale economies for a sample of Italian universities when
using FTE’s but did find scale economies when using the number of graduating students.
Our dataset did not include the number of graduating students. In our opinion, including
only graduating students could overestimate both the average and marginal cost to service
students. While many other papers justify the use of research funding as a measure of
research output, the fact remains that research funding is an input into a research production
process that has an unknown output elasticity. It is likely the case that some research
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funding results in few to no publications while a lot of research is published without any
explicit research funding. Publication counts are now available for Canadian universities,
and we view them as a superior and ultimate measure of research output. Unfortunately, a
measure of the quality of the publications is not available. This would be useful in weighing
the publication counts; however, it is not clear that university costs would be a function of
publication quality, although it could be the case that very high-quality researchers earn
higher salaries that increase costs. This would be a valuable addition for future research if
a measure of university-specific research quality could be obtained. We use the median
faculty university salary as the factor price since faculty salaries contribute a large share of
university costs. This is a standard practice in previous studies.

Several standard measures of multi-product returns to scale are used in the literature
that were initially suggested by Baumol et al. (1982). The first step is to calculate the
marginal cost of each output, MCy;, MCg, and MCg. In the case of undergraduate FTE’s,
the calculation of marginal cost is given below. The log-linear form of the cost function
requires an adjustment to each estimated coefficient to estimate the marginal cost in levels.

aC = 212Qc |, ®130R > 3)

MCy = 304 :C(Dé1+0411Qu+2+ 5

In (3) we choose to use the median value of each output, which is indicated by a bar
over the variable, due to the heavy skewness in the observed outputs in our sample. The
marginal costs MCg and MCpg are symmetric to the calculation in (3). Marginal costs that
lie below average costs confirm increasing returns to scale for the relevant output, but
these must be taken in context with the other measures in a multi-product university. The
average increment cost AIC;; for Qi measures the increase in average cost by having the
observed number of undergraduate FTE’s versus having none. As such, it is the vertical
shift in the average cost when producing Q;; > 0 versus Qy = 0.

_ C(Qu,Qc,Qr) — C(0,Qc,Qr)
Qu

Marginal costs can be increasing but still be below average costs. Returns to scale are

AICy 4)

evaluated by taking the ratio of average incremental costs to marginal cost, E; = AIC;/ MC;,
for each of the outputs. Increasing returns to scale are said to exist for each outputif E; > 1,
meaning that average incremental cost lies above marginal cost at the median level of
output. This measure is calculated at varying levels of output in the results to follow to
detect changes in scale economies.

Ray economies of scale measure how total average cost behaves as all outputs increase
by the same proportion. Panzar and Willig (1978) proved that ray economies of scale can
be measured by taking the ratio of total cost to the revenue obtained from marginal cost
pricing evaluated at the median outputs.

RE = C(QU/ QGI QR)
QuMCy + QeMCg + QrMCg

(5)

Ray economies of scale are said to exist if RE > 1.

Economies of scope only exist when multiple outputs are produced. In our case, if the
total cost of producing all the outputs is less than the sum of the cost of producing each
output individually, global economies of scope (GES) are present. Again, the outputs take
on their median values initially.

— C(QU/ O/O) + C(O, QG/ 0) + C(O/ 0, QR) — C(QU/ QG/ QR)

GES
C(QU/ QGI QR)

(6)
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Global economies of scope exist if GES > 0, suggesting that there are efficiencies to be
gained in joint production. This can be the case in universities, for example, if more research
output improves undergraduate and graduate teaching, resulting in higher enrollments
and lower average costs. However, this complementarity of producing outputs need not
hold for each output individually. Product-specific economies of scope (PES) measure
scope economies when only one of the outputs is produced separately from the other
outputs that are produced together. If undergraduate enrollments are produced separately
from graduate enrollments and research, PES is as measured below:

_ C(Qu,0,0) +C(0,Qc,Qr) — C(Qu, Qc, Qr)
C(QU/ QG/ QR)

PESy (7)

The PES for graduates and research are calculated symmetrically to (7). Product-
specific economies of scope for producing undergraduate students exist if PESy; > 0. This
may be the case if there exist a number of universities that produce only undergraduate
students with little to no research expectations of faculty and universities that produce
more graduate students than undergraduates with faculty research (such as the University
of Chicago). The former could be the case for smaller universities in Canada, but the latter
would not seem to exist in Canada.

Calculating the measures in (3)—(7) required the estimation of (2) using a sample of 48
Canadian universities out of a total of 103 universities operated in Canada’s ten provinces
in 2019. Excluded institutions had very small enrollments with many omissions in their
financial data. The 48 included institutions comprised just over 85% (C$35.5 billion) of
the total expenditures for all Canadian universities in 2019 (C$41.19 billion), with total
enrollments at about the same percentage. These include all the top-tier universities in the
country. A full list is provided in Appendix A (Table A1). The next section describes the
sample data used in our panel regression of (2).

2.2. Materials

Estimation of the cost function in (2) required data for university costs, undergraduate
and graduate student enrollments, research publications, and faculty salaries. Our panel
dataset included observations for 48 Canadian universities over the period 2011-2019.
More recent years were excluded from consideration due to the COVID-19 pandemic that
distorted the cost and enrollment data. Observations were missing for faculty salaries
for some of the years, resulting in an unbalanced panel of 365 observations. University
cost (C) includes all relevant operating costs excluding expenses for land and buildings
as these were deemed as capital assets that are depreciated and yield a productive return
over their lifetime. Costs included in relevant operating costs include salaries and wages,
benefits, travel, library acquisitions, printing and duplicating, materials and supplies,
communications, other operational expenditures, utilities, scholarships, bursaries, prizes,
externally contracted services, professional fees, costs of goods sold, and interest.

Cost data was obtained from the CAUBO (Canadian Association of University
Business Officers) university financial database that is available upon request (https://
www.caubo.ca, accessed on 5 October 2023). Undergraduate (Qy;) and graduate enroll-
ments (Qg) were converted to FTE’s by weighing part-time students with a weight of 0.5,
and they included students from all programs including professional schools (medical, legal,
engineering, etc.). The enrollment data were obtained from Table 37-10-0234-03 maintained
by Statistics Canada (https:/ /www.statcan.gc.ca/en/start, accessed on 5 October 2023).
Actual credit hours taken by part-time students are not available so the weight of 0.5 is an
estimate but one we deem reasonable. Total annual research publications (Qgr) were ob-
tained by searching the Scopus database that covered some 34,377 scholarly titles. Scopus is
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maintained by Elsevier, Inc. (https:/ /www.elsevier.com/products/scopus, accessed on 28
February 2024). The number of titles is as of 28 February 2024 when the data was taken. Mul-
tiple authors of a publication who are housed in the same institution were counted as one
publication for that particular institution. Median faculty salaries (S) were obtained from
Table 37-10-0108-01 maintained by Statistics Canada (https://www .statcan.gc.ca/en/start,
accessed on 5 October 2023). Median salaries were used instead of average salaries to
account for any skewness in the salary data that could inflate the average salary, although
the coefficient of skewness for salaries in Table 1 suggests this might not be an issue. Both
university cost and median faculty salary were deflated to obtain real costs using a provin-
cial consumer price index (CPI, 2002 = 100) for all items obtained from Table 18-10-0005-01
maintained by Statistics Canada.

Table 1. Descriptive statistics for variables in cost function (2), 2011-2019. Note that C, S, and
Qr (research funds) are measured in Canadian Dollars (C$) and deflated by the provincial CPI
(2002 = 100).

Qu Q¢ Qr Qr
CCy (Enrollment) (Enrollment) (Publications) 5(C9 (Research Funds)
Mean 514,000,000 20,977 3477 2431 100,267 39,962,000
Median 401,000,000 17,005 2832 1456 99,928 17,094,000
Minimum 45,707,000 2059 9 70 73,800 235,000
Maximum  2,760,000,000 87,640 19,366 17,567 127,900 329,688,000
Std. Dev. 520,000,000 16,452 3450 3035 11,242 58,307
Skewness 2.051 1.393 1.806 2.361 0.139 2.543
N 365 365 365 365 365 365

To assess the effects of using research grant funding as a measure of research output,
Equation (2) was also estimated using deflated grant funding in place of total publications.
Grant funding is composed of several sources, including Social Sciences and Humanities
Research Council (SSHRC), Natural Sciences and Engineering Research Council (NSERC),
Canadian Institutes of Health Research (CIHR), and Canada Foundation for Innovation
(CFI), and were obtained from the CAUBO database. Canada Research Chair (CRC) funding
was omitted as it is used to pay faculty salaries and benefits for those chosen through a
national competition that allocates the number of CRCs to each university. This funding
is not used to fund research activities directly. The descriptive statistics for the complete
dataset are provided in Table 1.

3. Results
3.1. Cost Function Estimates

We address the issue of the preferred measure of research output before estimating the
cost function in (2). A panel regression using fixed effects and a correction for heteroskedas-
ticity was used to investigate the association between publications per faculty member and
real research funding. The number of faculty members (excluding session contracts) was
obtained from Table 37-10-0108-01 maintained by Statistics Canada, denoted as faculty. A
quadratic term was included to accommodate the possibility of diminishing returns to real
research funding. The t-statistic for each coefficient appears in parentheses.

_5 RF ~11_RF 2
QR o 1.941 +1.44 x 10 m —7.37 x 10 Faculty (8)

faculty — (30.09) (4.64) (—3.65)
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Equation (8) fits very well with an adjusted R? equal to 0.971 with statistically signifi-
cant fixed effects (p = 0.000 for an F test excluding fixed effects). The intercept suggests that
each faculty member publishes about two publications each year with no research funding
(p = 0.000) for the average Canadian university. Publications per faculty member increase
with research funding at a diminishing rate (p = 0.000 for both coefficients). At the median
level of research funding per faculty member ($19,760), the marginal effect of research
funding is 1.15 x 10~°. To increase the publication/faculty ratio by one publication will
require an additional $87,050 per faculty member in research funding. Put another way, the
value of the two publications per faculty member with no research funding is $174,100 in
research funding per faculty member—a significant saving in research funding. The fitted
regression model in (8) is plotted in Figure 1. A linear model is appropriate up to the me-
dian level of research funding per faculty member, but at higher values diminishing returns
enter. We prefer to use publications as the measure of research output for this reason.

8
%
° °
; °
e o
> 6 ® e 4, e ®
= . S,
[ J o [}
~ ‘ .. L
24
9
‘©
S 3 ‘g
= O°.Jo° °
[a W

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000
Research Funds / Faculty (S)

Figure 1. Publications per faculty member against research funding per faculty member obtained
from the estimate of Equation (8).

The quadratic cost function in (2) was estimated using a weighted least squares
procedure. An LM test for cross-section heteroskedasticity rejected the null hypothesis
of no heteroskedasticity at a high level of confidence. As a result, (2) was re-estimated
calculating the panel-corrected standard errors developed by Beck and Katz (1995) that
corrects the slope standard errors for heteroskedasticity and serial correlation. Time-wise
fixed effects for each institution were included in the estimation of (2) but were found to be
very small and statistically significant. Cross-section fixed effects were not included due
to the inclusion of the dummy variables for the institutional categories described below.
The estimated coefficients appear in column (2) of Table 2, and all have the expected sign
except the negative sign of the cross-product of undergraduate and graduate enrollments,
suggesting a complementarity in cost. All coefficients are statistically significant at 95%
confidence, except for the quadratic term for graduate enrollments. The restriction that
salary elasticity was equal to one could not be rejected (p = 0.351), confirming the desirable
property that the cost function is homogeneous of degree one in the factor price.
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Table 2. Estimates of the log-linear cost function in Equation (2), 2011-2019 unbalanced panel.
Columns (2) and (4) use publication counts as research output. Columns (3) and (5) use real research
funding as research output. T-statistics appear in parentheses. * Denotes statistical significance at
95% confidence.

Variable 2) 3) 4) (5)
Constant 5.933 7.786 8.619 10.056
(9.94) * (12.52) * (11.36) * (12.90) *
8.75 x 1075 9.33 x 107° 8.26 x 107° 841 x 10~°
Qu (27.83) * (31.42) * (19.79) * (20.90) *
) -833x 10710 875 x 10710 —712x10710  —6.16 x 10710
Qu (=7.01) * (—7.55)* (—5.45) * (—4.95)*
9.61 x 1075 1.01 x 104 7.68 x 1075 9.83 x 107°
Qc (7.14) * (7.29) * (5.11) * (5.85) *
5 1.62 x 1077 3.24 x 107° 5.76 x 10~ 347 x 107
QG (0.42) (0.79) (1.433) (0.81)
3.99 x 10~° 1.07 x 10~° 293 x 107° 1.91 x 10~°
Qr (2.72) * (1.43) (1.64) (2.07) *
5 —405x107%  —956 x 10717 307 x107®  —9.21 x 1077
Qk (—9.95) * (—14.59) * (—7.96) * (—11.77) *
—6.09 x 107? —5.09 x 10~? —6.17 x 107? —6.70 x 107?
QuQc (—4.30) * (—3.76) * (—4.103) * (—4.55) *
5.87 x 107° 2.75 x 10713 5.23 x 107° 292 x 10713
QuQr (5.59) * (6.52) * (5.17) * (7.17) *
3.78 x 1078 1.86 x 10712 2.75 x 1078 1.54 x 1012
Q6Qr (7.58) * (6.72) * (5.96) * (5.51) *
InS 1.049 0.884 0.813 0.686
(20.13) * (16.29) * (12.21) * (10.05) *
Dpoc 0.257 0.203
(10.38) * (7.98) *
Dcomp 0.169 0.161
(8.11)* (7.91) *
R? 0.948 0.949 0.956 0.955
N 365 365 365 365

To test the consistency of our model with previous work that relied on research funds
as a measure of research output, Equation (2) was re-estimated using real research funds in
place of publications. The results appear in column (3) of Table 2. The coefficient for real
research funds is positive but not statistically significant (p = 0.153), although the quadratic
term is, albeit very small. The restriction for homogeneity of degree one in the real salary
was rejected (p = 0.0335), suggesting that the cost function is mis-specified. It could be the
case that the use of research funding as a proxy for research output is appropriate in other
countries, but the results suggest that this is not the case for Canada.

It is likely the case that fixed costs differ when universities offer different programs.
We used two dummy variables to test for differences in fixed costs: Dppc = 1 for univer-
sities that feature medical schools, a variety of professional schools and Ph.D programs;
Dcomp = 1 for universities that feature Ph.D programs but no medical school and few to
no professional schools; and the third category is primarily undergraduate universities
when Dpoc = Dcomp = 0. The results are summarized in columns (4) and (5) in Table 2
(publications and research funds, respectively, as the measure of research output). Our
suspicions proved correct: the coefficients for the dummy variables are both positive and
statistically significant at 95% confidence with Dpoc > Dcomp and both greater than
primarily undergraduate universities. The slope coefficients for the other independent
variables in (2) showed only marginal changes with the addition of the dummy variables.
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The advantage of using publications over research funding as the measure of research
output is less apparent.

3.2. Economies of Scale and Scope

The marginal cost of producing each output was calculated using (3) and inserting
the relevant estimated coefficients in Table 2. These appear in Table 3 for increasing levels
of output relative to their median values in the sample that ranges from 50% to 350% to
account for skewness in output levels. The marginal cost for graduate enrollments is higher
than undergraduate enrollments, consistent with previous studies for other countries. The
marginal cost of research is higher than either type of enrollment, except at 50% of the
median output, and increases throughout all levels of output. This result cannot be directly
compared with previous studies that use research funding as the measure of research
output. The marginal cost of research is not unreasonable given the discussion of high
research costs in the previous section. Average incremental cost is increasing for all three
outputs. Economies of scale could not be found at any level of output. Ray economies of
scale were found for output sizes up to 60% of the median outputs but not at higher output
levels. These results suggest that there are few opportunities for Canadian universities
to expand their outputs to take advantage of economies of scale except for the smallest
institutions with approximately fewer than 11,000 students. It is not necessary to repeat
the calculations for economies of scale and scope utilizing the differences in fixed cost for
each university category since they do not affect the calculations. The economies of scale
and scope are only marginally different if the slope coefficients in column (4) of Table 3 are
used, hence they are not reported.

Table 3. Marginal cost, average incremental cost, returns to scale, and ray economies of scale using
research publications for a sample of 48 Canadian universities, 2011-2019.

% of Median MCy  MCg;  MCr  AICy  AIC;  AICg Eu Ec Er RE
50 12494 15973 11,006 9411 14,733 9181 0753 0922 0834 1170
100 25474 38385 43546 15759 32,616 33569 0619 0850 0771  0.610
150 49,127 88,726 137,301 26,886 69370 96960 0547 0782 0706  0.426
200 89,062 197,281 381,051 46,127 141,795 242,037 0518 0719  0.635 0336
250 150,288 421,988 966,161 78,771 278,634 541,882 0524  0.660 0561  0.283
300 231,944 868,430 2,278,863 132,856 526,554 1,110,582 0573  0.606 0487  0.249
350 315,855 1,719,572 5,051,189 219,971 957,260 2,112,391 0.696 0557 0418  0.226

Global economies of scale exist up to the largest institutions with sizes of 1.2 times the
median output levels, but not at larger sizes. The calculations are summarized in Table 4.
Cost advantages can be exploited for these smaller to median-sized Canadian universities
by offering comprehensive programs with undergraduate and graduate students and
incentivizing greater research output. The larger a university becomes after this size, the
greater the cost advantage of breaking it into smaller specialized institutions. Institutions
with approximately 25,000 students or more fell into this category.

Product-specific economies of scope provide a deeper understanding of the cost
efficiencies in producing multiple outputs. These are also summarized in Table 4. The
economies of scope for undergraduate students are exhausted when an institution reaches
approximately 0.95 times the median levels of all outputs, while they are somewhat greater
at 0.99 times for graduate students and even slightly greater than that at 1.1 times for
research output. Breaking up an institution into smaller component institutions is preferable
for larger universities whose student body has a higher undergraduate component.



Economies 2025, 13, 238

11 0f 15

Table 4. Product-specific economies of scope and global economies of scope for a sample of 48
Canadian universities, 2011-2019.

% of Median PESy PESg PESR GES
50 0.349 0.347 0.376 0.747
100 —0.019 —0.012 0.045 0.123
150 —0.259 —0.235 —0.181 —0.225
200 —0.433 —0.388 —0.366 —0.443
250 —0.564 —0.503 —0.526 —0.593
300 —0.665 —0.594 —0.622 —0.702
350 —0.741 —0.688 —0.770 —0.784

Economies of scale and scope are summarized in Tables 5 and 6 using research funding
as the measure of research output. The results are qualitatively the same as Tables 3 and 4
that use publication counts. The values for the product-specific and global economies
of scope are somewhat larger using research funding. This moves the university size
as a percentage of the median size slightly higher to find these economies of scope, but

only modestly.

Table 5. Marginal cost, average incremental cost, returns to scale, and ray economies of scale using
research funding for a sample of 48 Canadian universities, 2011-2019.

% of Median MCy  MCs;  MCr  AICy  AIC;  AICg Eu Ec Er RE
50 10,848 12,652  0.52 8206 11,583  0.39 0756 0915 0755  1.256
100 20564 23914 192 12,802 20245  1.35 0623 0847 0700  0.685
150 35849 41532 549 19736 32,651  3.61 0551 078  0.658  0.503
200 57,143 65867 1336 29,677 47818 823 0519 0726 0616 0419
250 82541 94446  28.84 43085 61,652 1647 0522 0653 0571 0377
300 106,355 120,304 5624 59909 64,851 2948 0563 0539 0524 0360
350 118,494 131,308 100.08 79264 40,877 4770 0669 0311 0477 0360

Table 6. Product-specific economies of scope and global economies of scope using research funding
for a sample of 48 Canadian universities, 2011-2019.

% of Median PESy PESg PESRr GES
50 0.388 0.389 0.415 0.814
100 0.255 0.087 0.130 0.255
150 —0.004 —0.104 —0.049 —0.031
200 —0.186 —0.133 —0.189 —0.186
250 —0.274 —0.147 —0.315 —0.274
300 —0.321 —-0.115 —0.433 —-0.321
350 —0.341 —0.004 —0.542 —0.341

4. Discussion

Our results agree with some key results from previous studies. The marginal cost of
graduate students is higher than undergraduate students and both increase as enrollments
increase. The same results were found in Koshal and Koshal (1995, 1999), Hashimoto and
Cohn (1997), Laband and Lentz (2003), and Longlong et al. (2009) for U.S., Japanese, and
Chinese universities, respectively. The marginal cost of research output is larger in our
study than for either undergraduate or graduate outputs and increases as more research
output (publications) is produced; however, our results cannot be compared to other studies
that used research funding as the measure of research output due to the differences in units.
More recent studies for U.S. institutions do not report estimates of marginal costs so there
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is no basis for comparison We do not find a significant advantage to using publications
over research funding when differences in fixed costs are accounted for, although the
cost function is closer to displaying homogeneity of degree one in the input price with
publications. Average incremental costs are increasing with undergraduate, graduate, and
research output and fall below marginal costs in each case in our study, suggesting that
there are no economies of scale in producing any of the three outputs. This result is contrary
to the cited previous studies that found economies of scale in at least one of the outputs for
larger institutions in Japan (Hashimoto and Cohn (2014) and the U.K. (Johnes and Johnes
(2016)), but consistent with more recent studies (Sav, 2007, 2011). All is not lost as we did
find ray economies of scale for Canada’s smaller universities, consistent with Vamosiu
et al. (2018) for U.S. public institutions, suggesting that there are opportunities for them to
achieve cost efficiencies by expanding graduate programs and research output.

Our results found product-specific economies of scope for undergraduate, graduate,
and research outputs up to the median university size, but none at larger sizes. The same
result was held for global economies of scope. Each of the previously cited studies found
the same results concerning scope economies, albeit at somewhat higher levels of output
than the median size.

Both of our results concerning economies of scale and scope suggest that the oppor-
tunities for achieving cost efficiencies lie with the smaller Canadian universities. Small
institutions that cater to different outputs could be merged into comprehensive institu-
tions. Russell (2021) found that such mergers resulted in tuition increases that exceeded
those of non-merging institutions using U.S. data, suggesting a greater ability for merged
institutions to price discriminate. This might not be an issue for Canadian universities
since their tuitions are regulated by provincial governments. The lack of economies of
scope for Canada’s larger universities suggests that they could be broken up into smaller
specialized institutions if cost efficiencies are a priority. However, Canada’s universities
are not for-profit institutions. Instead, they rely heavily on provincial governments that
provide operating grants and at the same time impose tuition and enrollment constraints.
Operating grants as a percentage of total government revenue vary significantly across
provinces over 2011-2019, ranging from an average of 2.59% for Prince Edward Island to
5.89% for Newfoundland, with an average provincial value of 3.44% (computed from data
compiled from the CAUBO database and Kneebone and Wilkins (2016)) However, there is
little variation over time in these percentages, suggesting that they are rather unresponsive
to changes in economic conditions (Rockerbie & Easton, 2024). Easton and Rockerbie (2008)
demonstrate that determining the cost-efficient size of an operating grant is a tricky task for
a government, particularly in the face of increasing demand. The optimal operating grant is
a function of the tuition elasticity of demand, excess demand for enrollment spots, elasticity
of average cost, and government-regulated tuition increases. A sub-optimal grant size will
not allow a university to achieve constant returns to scale in its outputs—a problem that
does not exist with private universities who are free to charge a market-clearing tuition rate.

While our results for Canadian universities are unique and offer valuable insights
for policy makers, there do exist several shortcomings that could provide avenues for
future research using Canadian data. The post COVID-19 years have witnessed significant
reductions in the share of total university revenues contributed by provincial operating
grants, resulting in significant changes to their cost structures and policies. With the
addition of more time-series data each year, an analysis of scale and scope economies
becomes more feasible. Spatial dependence of university costs was a concern addressed
by Vamosiu et al. (2024) using recently developed econometric techniques that could be
utilized with more extensive Canadian data.
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Appendix A

Table A1l. Details of 48 Canadian universities ranked by total enrollment, 2019.

University Publications  Faculty = Ugrads Grads Total Category
Toronto 17,567 2778 89,967 20,127 110,094 MD
Montreal 4969 1434 62,277 17,133 79,410 MD
British Columbia 10,224 2940 59,388 9723 69,111 MD
York 2533 1440 53,847 6105 59,952 CcMP
Laval 3613 1398 38,583 11,139 49,722 MD
Ryerson 1657 1200 46,704 2928 49,632 CMP
Ottawa 5627 1251 42,024 7431 49,455 MD
Alberta 8483 1599 39,168 8187 47,355 MD
McGill 7860 1341 36,138 9885 46,023 MD
Western 4903 1206 38,991 6753 45,744 MD
Waterloo 5325 1365 38,844 6195 45,039 CMP
Concordia 2250 930 36,504 7512 44,016 CMP
Calgary 6414 1815 35,052 6786 41,838 MD
Quebec at Montreal 1414 1107 32,592 7806 40,398 CMP
McMaster 5581 765 34,170 4959 39,129 MD
Simon Fraser 2732 1017 30,453 4905 35,358 CcMP
Carleton 2343 954 30,942 4215 35,157 CMP
Manitoba 3469 1146 29,433 3864 33,297 MD
Guelph 2730 822 29,979 3039 33,018 CcMP
Queens 3273 837 27,087 5451 32,538 MD
Sherbrooke 1533 1167 18,471 10,344 28,815 MD
Saskatchewan 2684 981 21,477 3288 24,765 MD
Victoria 2325 741 21,357 2967 24,324 CMP
Wilfred Laurier 674 552 19,902 1986 21,888 CMP
Memorial 1789 975 17,526 3981 21,507 MD
Dalhousie 2575 648 17,622 3747 21,369 MD
Brock 783 576 18,873 1923 20,796 CMP
Windsor 1054 525 16,323 4122 20,445 CcMP
Regina 743 486 15,075 1812 16,887 CMP
Trois Rivier 497 459 12,888 3042 15,930 PU
Trent 384 270 10,845 684 11,529 PU
Athabasca 211 189 8868 2634 11,502 PU
New Brunswick 1037 561 8805 1638 10,443 CMP
Winnipeg 286 339 10,068 213 10,281 PU
Laurentian 389 363 8709 987 9696 PU
Lakehead 554 333 8196 1452 9648 PU
Lethbridge 442 420 8748 624 9372 PU
Rimouski 217 204 5922 1140 7062 PU
Saint Mary’s 330 273 6231 633 6864 PU
Moncton 210 4584 600 5184 PU
Cape Breton 97 171 4698 441 5139 PU

Nippissing 86 177 4935 165 5100 PU
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Table Al. Cont.

University Publications  Faculty = Ugrads Grads Total Category
Prince Edward 263 243 4584 489 5073 MD
Island
Saint Francis Xavier 277 219 4344 468 4812 PU
Acadia 211 201 3723 516 4239 PU
Mount Saint Vincent 123 51 2907 789 3696 PU
Brandon 152 186 3336 318 3654 PU
Bishops 80 123 2754 267 3021 PU
Mount Allison 118 135 2175 15 2190 PU

Note: Categories are denoted by MD for universities with medical and dental schools and a full set of under-
graduate and graduate programs, CMP for comprehensive universities that feature a full set of undergraduate
and graduate degrees, and PU for universities that feature a full set of undergraduate degrees with only small
graduate programs.
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