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Nous évaluons l'efficacité relative de 45 universités canadiennes a I'aide de la méthode de “data envelopment
analysis” (DEA) Les résultats sont obtenus a partir de neufs spécifications différentes des intrants et des extrants.
Lefficacité relative des universités est cohérente a travers les différentes spécifications. Un sous-ensemble d’uni-
versités — incluant des universités de chacune des trois catégories (enseignement général avec école de méde
cine, enseignement général sans école de médecine et enseignement au premier cycle universitaire principale-
ment) — est régulierement jugé efficace et un sous-ensemble plutét inefficace mais au total, pour la plupart des
universités, les niveaux d'efficacité sont relativement élevés. Une simulation de la réduction récente de 20 pour-
cent dans les subventions provinciales accordées aux universités de I'Alberta montre comment des gains d'effi-
cacité potentiels (tels qu'impliqués et mesurés par cette méthodologie) pourraient se réaliser mais la simulation
montre également certaines restrictions. Des techniques de régression sont utilisées en vue d'identifier d'autres
déterminants de I'efficacité. Malgré les limites de la méthodologie et des mesures disponibles (sur les extrants
principalement) qui font en sorte que les niveaux d'efficacité sont provisoires, cette analyse permet de mieux
comprendre la productivité des universités canadiennes et son analyse.

The results of using data envelopment analysis (DEA) to assess the relative efficiency of 45 Canadian
universities are reported. Outcomes are obtained from nine different specifications of inputs and outputs.
The relative efficiencies are quite consistent across the alternative specifications. A subset of universities —
including universities from each of three categories (comprehensive with medical school, comprehensive
without medical school, and primarily undergraduate) — are regularly found efficient and a subset quite
inefficient but, overall and for most universities, the efficiency scores are relatively high. Simulation of the
recent 20-percent cut in provincial grants to the Alberta universities illustrates how potential efficiency
improvements (as implied and measured by this methodology) might be realized but it also illustrates cer-
tain limitations. Reggssion analysis is used in an effort to identify further determinants of efficiency. While
there are limitations to the methodology and the available (especially output) measures which make the specific
efficiency outcomes tentative, this analysis provides insight to university productivity in Canada and its analysis.

INTRODUCTION gations with diminishing resources, presumably by
increasing productivity. Constant dollar government

For many years, Canadian universities have beeroperating grants per student have declined, more or
expected to educate a growing student body, pertess continually, since the late 1970s and tuition,
form research,and meet various public service obli-which has risen in real terms only significantly since
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the late 1980s, has not been offsettiithe fiscal  especially popular for the investigation of operations
pressures escalated during the 1990s as federal arid the public sector. Examples include studies of post
provincial governments struggled to eliminate their offices, road maintenance operations, airports, fer-
deficits. ries, hospitals, nursing homes and schools among
others (Lovell 1993). Institutions of higher educa-
The pressures on universities to use resourcesion have been studied (both internally and across
more effectively (and to demonstrate that), and theinstitutions) with DEA but not extensively (e.g., Ahn
efforts of governments to make universities moreet al. 1988, 1989; Johnes and Johnes 1995;
accountable and monitor their activities have height-Sarafoglou and Haynes 1996; Sinuany-Stetrial.
ened both the universities’ and the governments’1994; Tomkins and Green 1988). We are not aware
interest in performance indicators. While for Cana- of any other study of this type using Canadian data.
dian higher education, the appeal to performanceHowever, Arcelus and Coleman (1995), Jenkins
indicators is relatively new (Bruneau 1994), there (1991), and van de Panne (1991) each use DEA to
has been more experience with them abroad. Foexamine departmental efficiency within a particu-
example, Johnes and Taylor (1990) and Johnegar university, while Dickson uses regression analy-
(1992) write about the UK experience and aboutsis to study costs across 61 Canadian universities.
indicators more generally. A major problem with As Dickson indicates, there has been relatively lit-
performance indicators is that they are a heterogile analysis of the costs and productivity of Cana-
enous, and often a large collection of individual el- dian universities.
ements which are difficult to translate into a com-
posite and comparable measure of overall perform- We proceed with this paper by outlining next the
ance (e.g., OECD 1987). nature of DEA. The inputs and outputs of universi-
ties are then discussed along with the sources of our
The objectives of this paper are to (i) acquaintdata. The results of the efficiency analysis for 45
readers with a methodological tool that can gener-universities in 1992-93 follow. Sensitivity of the
ate a composite indicator of performance; results to various features of the model, but espe-
(i) present results of its application to Canadian uni-cially to variable selection, is addressed. In addi-
versities yielding estimates of university productiv- tion, we review the implications for improving effi-
ity; (iii) illustrate, by reference to recent develop- ciency. The results of a “second stage” regression
ments in Alberta, the initial steps toward applica- to explain efficiency scores conclude the analysis.
tions aimed at improving productivity, and (iv) cau- Conclusions and caveats complete the paper.
tion readers about the limitations of the data and
the methodology. The thoique used here is Data
Envelopment Analysis (DEA). DEA is a linear pro- AN OverRVIEw OF DATA ENVELOPMENT
gramming model/technique that in a multiple input, ANALYSIS
multiple output situation determines the relative effi-
ciency of the separate decision-making unitsDEA is a mathematical programming procedure
(DMUs) — universities in this instance. The output of developed by Charnes, Cooper and Rhodes (1978)
DEA analysis includes information which can be use-“to measure relative efficiency in situations in which
ful in efforts to increase the efficiency of inefficient there are multiple inputs and outputs and there is no
units. Efficiency scores can also be analyzed, as her@bvious objective way of aggregating either inputs
to better understand the causes of relative inefficiencyor outputs into a meaningful index of productive
efficiency” (Sexton 1986, p. 106)Productivity
DEA analysis is widely utilized for studying the depends on the production technology, the efficiency
technical efficiency of production units and is of production, and the production environment. DEA
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is focused on measuring the second, that is, producimproving the performance of DMUs when price
tion efficiency, for each production unit of a set of information is lacking or limited.
comparable producing units. Comparability means
that the set of producers is producing similar out- As a technical analysis, DEA is relative. From
puts using similar inputs with the same technology.the set of DMUs analyzed, it determines an efficient
DEA focuses too on productive efficiency to the group. It still might be possible, however, to improve
extent that it can be determined by the decision-the technical efficiency of even those efficient units
makers of the producing unit; hence, the referencewvere the best production possibilities known. How-
to the producing units as decision-making unitsever, the actual production function is not known
(DMUs) and DEA's value as a management tool. and none is assumed. The efficient units in DEA are
Productivity can be influenced by factors beyondthe most efficient of those observed, not in com-
the DMU'’s control. For example, differing weather parison to some ideal. Thus, the DEA efficient group
conditions may cause productivity differencesis that subset demonstrating the “best practices”
among road maintenance crews or among ferryamong a group of operating units. Inefficient DMUs
routes. Similarly, the socio-economic backgroundsare compared to those units demonstrating superior
of students and the demographic characteristics operformance.
clients may influence the efficiency measures of
schools and health facilities respectively. Such fac- By mathematical programming, DEA finds a
tors are beyond the control of DMUs but may affect weighting system (in the absence of prices) that al-
relative efficiency. Accounting for such differences lows inputs and outputs each to be aggregated and
is typically handled by introducing them to explain efficiency scores to be calculated. No single set of
DEA-determined efficiency scores using a secondweights is required. Rather, DEA, by repeated solu-
stage regression (Lovell 1993, pp. 53-54). tions, finds a set of weights for each DMU. The
weights are those that are most favourable to the
DEA is used to measure efficiency when thereunit; that is, give it the highest efficiency score sub-
are multiple inputs and outputs and there are ndect to no weights being negative and that the
generally acceptable weights for aggregating inputsweights, when applied to any unit, do not result in
and aggregating outputs. In the case of one inpuainy one having an efficiency score exceeding 1.0
and one output, the output-input ratio reveals effi- (on a scale of zero to one with 1.0 indicating an ef-
ciency. If prices exist for all inputs and outputs, the ficient DMU). If the efficiency score of a DMU is
value of outputs to the value of inputs (or indexesless than 1.0, the unit is inefficient. In the simplest
of these) can be used. A full set of prices may existcase, an efficiency score of 0.9, for example, indi-
in the case of private firms. In the case of public cates that the unit could (by following the practices
sector production, prices typically do not exist or of selected efficient DMUs) reduce each of its in-
do not reflect social values; hence the appeal of DEAputs by 10 percent and maintain output at its cur-
for the efficiency analysis of public operatiohs. rent level® Accomplishing this change would result
in that DMU becoming efficient according to the
The lack of prices means that DEA analysis measDebreu-Farrell efficiency measure. However, addi-
ures technical efficiency, not economic efficiency. tional (now non-equiproportional) changes to inputs,
That is, the DEA reveals how efficiently inputs are and possibly even some output change, might im-
used to produce outputs but not whether even therove efficiency further. Also recognizing these pos-
efficient units could reduce costs or enhance thesibilities conforms to Koopman's concept of effi-
value of outputs by choosing different combinations ciency. While Koopman’s approach to efficiency is
of inputs or outputs. Nevertheless, information onmore stringent and appealing, it is more difficult to
technical efficiency is valuable for assessing andmeasure (Lovell 1993). The DEA method used for
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this study calculates efficiency measures whichlustrates a case with five DMUs producing a single
proxy Koopman’s. output using two inputs. Dividing each DMU’s inputs
by its output gives the input per unit output combina-
Linked to each programming solution to the DEA tions which are plotted in the figure. DMUs A, B, and
efficiency score problem is an equivalent “dual” C are technically efficient; they produce a unit of out-
problem and solution which provides additional in- put with the smallest combination of inputs of the
formation. The dual indicates which of the efficient group® A piece-wise linear unit isoquant line linking
DMUs each inefficient unit corresponds to most these points forms a convex frontier bounding the ob-
closely (is most like), that is, its reference set, andservations and tracing out minimal input combinations
how a linear combination of those reference DMUsthat will yield a unit of output. The other two units, D
form a hypothetical unit that, if the inefficient unit and E, lie inside the frontier of best-practice points
patterned, would make it efficient. The dual also and are inefficient. If the model is accurate, DMU D,
shows what reductions must be made to each inpufor example, could produce the same output with the
with output constant (or increases in each outputinput combination D', the intersection of the ray from
with input constant) to achieve efficiency. Clearly, the origin passing through D and the unit isoquant. It
this is useful information for decisionmakers inter- could accomplish this by utilizing its resources in a

ested in enhancing a DMU'’s performance. way representing a mix of DMUs A and B, its refer-
ence set. The efficiency of D is equal to the ratio OD'/
A Graphical Depiction OD. The reference set for E is DMUs B and C. This

Some of the important concepts of DEA can be mostdepiction is input oriented. A parallel representation
readily illustrated using a simple figure. Figure 1 il- could be done for an output orientation.

FiGURE 1
Best Practice Frontier with DEA (Input Orientation)
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Scale Economies performance, the analysis concentrates on variables
DEA can also reveal information about economies ofunder the control of the DMU. Environmental vari-
scale. In addition to constant returns to scale (wherables that may differ among DMUs but are beyond
outputs increase proportionately to inputs), DEA cantheir control are usually introduced, as here, in a
accommodate variable returns to scale (increasing andubsequent analysis to explain the efficiency scores.
or decreasing returns). While we do not address scal&nlike econometrics, DEA has no formal tests to
economies in any detail in this paper, we legitimatelyassess the merits of including or excluding variables
utilize a variable returns to scale DEA for the analysis.(or DEA model choice). Instead, one must rely upon
the sensitivity of the results to inclusion or exclu-
Limitations of DEA sion of variables and judgement. Hence, it is advis-
DEA is a useful analytical tool, but it is important able to examine the results from a variety of vari-
to keep in mind that it has limitations. We highlight able specifications to see if DMU efficiency is sen-
only some of the main considerations here but notesitive to variable selection. Tlwncern for variable
too that they are not all unique to DEA. All inputs selection is compounded by the fact that as the number
and outputs must be measurable and measured @f variables increases, the number of DMUs deemed
DEA is to be accurate. In addition, all units of eachefficient and the efficiency scores of the inefficient
input and output are assumed to be the same acrosmits will typically increase. Hence, it is particularly
DMUs. DMUs are expected to be relatively homo- important that the variables included should reflect a
genous and employ a common technology to convaluable component of input or output. In addition, it
vert inputs to outputs. Because DEA focuses onis advisable to keep the number of variables to less
extreme values, errors in the data may take speciahan one-third of the number of observations.
significance. Also, DEA can be sensitive to the se-
lection of inputs and outputs. Potential uncertainty  The inputs and outputs of universities are gener-
over which variables are under decisionmaker con-ally recognized but, outputs especially, are not eas-
trol and which are environmental variables can com-ily measured. Universities provide teaching, re-
plicate the selection, as well as how each shouldsearch, and service. Though various measures of
enter the analysis. Because of the lack of statisticathese activities are commonly taken as measures of
relationships and tests, these latter factors carryuniversity output, they are often measures of an in-
added importance.ially, there is always the ques- termediate product. In the case of teaching, for ex-
tion of whether the linear substitutability required for ample, one would prefer measures of the learning
inefficient units to convert to their hypothetical effi- that results fronteaching but, instead, measures such
cient units exits and so the transition would be possibleas credit hours, student enrolments, and graduates
proxy the teaching delivered under the assumption
Conclusion that there is a close relationship between them and
Although not without deficiencies, DEA is an at- learning. Research output is more difficult to meas-
tractive and widely utilized method for assessing theure. Ideally, one would like an index that reflected
efficiency of non-profit institutions like universities. the quality and impact of the activities undertaken
We can therefore anticipate interesting and usefuland their products, but no such index exists. Even
results from this application. relatively simple potential components like publi-
cation counts are difficult to obtain and are typically
incomplete. For example, the publication count vari-
V ARIABLES AND DATA able used by de Groet al. (1991) in their study of
the cost structure of US research universities omit-
Variable selection is a most critical part of DEA. ted publications from the humanities. Service is the
Because interest is in efficiency and managementnost difficult output to measure. Given the diver-
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sity and sometimes even amorphous nature of contween three and four year undergraduate programs,
tributions in this area, there is no composite andwhich fte enrolments captureEnrolments also have
reliable index. Studies of university outputs and an advantage over degrees in allowing for differences
costs ignore this aspect. in the intake of transfer students from colleges who
get advanced placement in the universities.
Inputs pose fewer difficulties. Although there are
many kinds of inputs — for example, faculty, sup- Rhodes and Southwick (1986; and also Arcelus
port staff, student services, libraries, computers,and Coleman 1995) incorporate both fte enrolments
equipment and supplies, maintenance, buildingsand degrees conferred as output measures in their
etc. — they can usually be defined relatively well analysis but are criticized by Ahet al (1988). In
in terms of amounts or expenditures. The fact thattwo of their specifications, Ahn and Seiford (1993)
expenditures can be a relatively complete measurénclude enrolments as input and degrees as output
of input and are well documented opens the possi{treating enrolments as an intermediate input into
bility of studying cost efficiency, an aspect that is the production of graduates). In their comparison
also explored in this paper. Variations in input qual- of public and private US universities, they found
ity, however, may not be easily distinguished. Inputprivate universities more efficient under this speci-
prices may vary also but reliable indexes of themfication but public universities more efficient when
are typically unavailable. Capital inputs add anotherfte enrolments are treated as the output. While they
dimension, and one with its own special difficul- attribute the lower efficiency of public institutions
ties. Often there are not good measures of the curin converting enrolments into degrees to the enrol-
rent capital stock or of its utilization during a pe- ment-based funding of state universities, it may also
riod under study. While some analysts have includechave much to do with the differences in tuition be-
a measure of capital input (see Adtral. 1988; 1989;  tween the two and the resulting motivation for stu-
1993), there is no capital variable in this study.  dents to graduate more quickly from private univer-
sities. In their study of university costs, de Grebt
Output Variables al. (1991) found the results when using either
Our output variables are aimed at measuring teachenrolments or degrees very similar.
ing and research. Various variables have been em-
ployed as measures of teaching output. Full-time We use fte student enrolments for this analysis.
equivalent (fte) student enrolment and the numberThere are three major enrolment variables; under-
of degrees conferred are the most common; with, agraduates and both master’s and doctoral level
least, a distinction between graduate and undergraduate students. While graduates and undergradu-
graduate programs. Student credit hours have beeates are usually separated, it is less common to dis-
used (Sinuany-Steret al. 1994) but it can have the tinguish between master’s and doctoral students.
problem that credit hours can differ significantly However, we feel that these are two quite different
among programs of full-time students (e.g., scienceproducts involving different input intensities. Un-
students with labs versus humanities students) andergraduate students are also subdivided into “sci-
these differences more likely reflect input differ- ence” and “other” students. The science group in-
ences than learning differences. Bessgmai. (1983)  cludes enrolments in science programs, selected
use contact hours as an input. Degrees awardebealth sciences (medicine, dentistry, optometry, and
measure completions and a level of accomplishmenteterinary sciences) and first-entry professional
or extent of learning but they neglect the education(e.g., engineering) programs. The other group in-
of those who attend but do not graduate and do notludes those in the arts and social sciences, visual
recognize differences in the length of degree pro-and performing arts, second-entry (e.g., law)
grams (within or across universities), such as bejprofessional programs, and unclassified students.
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This separation may not be ideal but is what ourversities and publications. Despite the recognized
data allow. Our data do not permit a similar separaproblems, opting for research funding as a proxy
tion for graduate students. Some previous researcfor research output is a common choice.
has found differences in cost or efficiency in the
presence of medical schools (de Greotal and Quality of research is also a consideration. To
Ahn, Charnes and Cooper) so we explored recogproxy research quality, we use a measure of grant
nizing separately those enrolled in medicine, den-support or success — the number of research coun-
tistry, optometry, and veterinary studies but that dis-cil grants dispersing funds within the university as
tinction never proved important and so is omitted a share of faculty eligible for federal research coun-
here. The variables are outlined in Table 1. cil support. In order to recognize the large differ-
ences in the importance and availability of funding
Research output is especially hard to measurebetween the arts and the sciences, two variables are
Lacking reliable and easily obtainable output meas-added here. One is the share awarded the Social
ures, many studies substitute research grants, aBciences and Humanities Research Council
input, as a proxy for research output (e.g., &tn (SSHRC) and Canada Council grants and the other
al.1988; Ahn and Seiford 1993; Rhodes andis the share awarded the Natural Sciences and En-
Southwick 1986; Tomkins and Green 1988 in DEA gineering Research Council and Medical Research
studies; and Cohat al. 1989 and Dickson 1994 in Council (NSERC and MRC) grants. Because suc-
cost studies). Ahet al. (1989) blend this approach cess of grant applications varies from year to year,
using state funds allocated to state institutions ofa three-year average is taken. This average also helps
higher education as input and federal and privateto offset biases due to year-to-year unevenness in
research funds as output. Publication counts arehe use of grant funds across universities in the case
sometimes available and used as a measure of ref grants involving collaborators from different uni-
search output. Van de Panne (1991) uses this variversities. These variables capture the value of grants
able alone while Sinuany-Stemt al. (1994) and  as recognition for superior scholarship (even in cases
Tomkins and Green (1988) use both publicationwhere grants might not contribute materially to re-
counts and grant&arafoglou and Haynes (1996) use searcher productivity or reflect the amount of re-
number of articles and a citation impact factor. In theirsearch accomplished).
cost analysis, de Groet al (1991) use publication
counts (humanities omitted) as a dependent variablelnput Variables
but also supplement this with graduate program qualUniversity inputs are more readily quantified than out-
ity ranking based on peer evaluation. Not surprisingly,puts. Because university inputs must be purchased,
they find that greater quality implies greater costs. expenditures become a feasible aggregate input meas-
ure, at least for operations, and this permits the analy-
In this study, because of the lack of better data,sis of cost efficiency. However, because there is inter-
sponsored research funds are used as one proxy fast in the efficiency of various specific inputs, several
research output. We substitute this input for outputcritical inputs are usually included. Faculty are a pri-
tentatively and reluctantly knowing that, certainly mary input and are the largest item in university costs.
for many fields (particularly in the fine arts, humani- Faculty are typically incorporated in fte numbers or as
ties, and social sciences), the relationship betweesalary expenses. Sometimes this is expanded to include
the two is tenuous at best (Harris 1990; Johnes anadll instructors; again as numbers (Van de Panne 1991)
Johnes 1995). However, note that for a broad ranger costs (Ahret al 1988). Other separately designated
of sciences, McAllister and Wagner (1981) found ainputs may include support staff (Arcelus and Coleman
positive linear relationship between research andl995), library expenditures (Rhodes and Southwick
development expenditures at US colleges and uni1986), sometimes certain research costs or student
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TasLE 1
DEA Output and Input Variables'

Outputs

UG total fte undergraduate student enrolment (A)2

UG SCI fte undergraduate enrolment in the sciences — approximated as enrolments in science programs,
selected health sciences (medicine, dentistry, optometry, and veterinary sciences) and first-entry
(i.e., directly from high school or CEGEP) professional programs (e.g., engineering).3

UG OTHER fte undergraduate enrolment in other than UG SCI programs — e.g., arts and social sciences,
visual and performing arts, second-entry (i.e., university prerequisites required) professional
programs (e.g., law) and unclassified students.®

GRAD total fte student enrolment in graduate programs (A)

MASTER’S fte graduate enrolment in master’s level programs (A)

DOCTORAL fte graduate enrolment in doctoral stream programs (A)

RESEARCH$ total sponsored research expenditures (C)

%SSHCC number of active SSHRC and Canada Council grants as a percentage of eligible faculty (A)*

%MRCNSE number of active MRC and NSERC grants as a percentage of eligible faculty (A)4

Inputs

FACULTY total number of full-time faculty in the three professorial ranks (A)

FAC SCI number of full-time faculty eligible for MRC or NSERC grants (A)

FAC OTHER number of full-time faculty eligible for SSHRC or Canada Council grants (A)

OTHEREXP total expenditure (as in TOTALEXP below) less faculty salaries and benefits (C)

TOTALEXP total operating expenditure and sponsored research expenditure (C)®

Notes:

'Data for 1992-93 (see 4).

2A and C indicate AUCC and CAUBO data respectively (or information derived from data there).

3\Where the sum of UG SCI and UG OTHER does not equal UG, UG is set equal to the larger of the two.

4Data averaged over 1992-93, 1993-94, and 1994-95 or as many years as data were available. Lower response rates for
1993-94 and 1994-95 resulted in no data for some universities in these years.

SExcluded from total expenditures are ancillary enterprises, special purpose and trust funds, and non-operating plant costs.

input (as previously noted), and plant (Adtral. 1988;  division accomplishes two things. First, it separates
1989; 1993) or space (Bessettal. 1983). It is not  two groups that are believed to require, largely because
uncommon, however, to combine various other inputsof the laboratory nature of the sciences, different lev-
into a single dollar value. els of inputs’ Second, because both teaching and re-

search outputs will largely parallel the division of the

In our most desegregated version, we employ thredaculty, these categories will help reflect the nature of

inputs. Faculty numbers are divided into two groups;the universities’ outputs. The numbers are of full-time

(i) those eligible for SSHRC or Canada Council grantsfaculty (not fte unfortunately) in the three professorial
and (i) those eligible for MRC or NSERC grants. This ranks. Other inputs are represented by a single dollar
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amount encompassing non-faculty general operatingCanada (AUCC) collects this information from par-
expenditures and sponsored research. Excluded arécipating universities and distributes the data to
ancillary enterprises, special purpose and trust fundsshem. While more recent data are available, there
and non-operating plant costs. were notably fewer responses to Maclean’ssur-
vey in the two following years.

Two other input specifications are also examined.
In one, faculty numbers are aggregated into a single Certain numbers in our data do not match exactly
number and used with other expenditures. Finally,those reported in the AUCC data. We looked for in-
to study cost efficiency, a single input, total expen-consistencies in the data and compared selected vari-
ditures (i.e., other expenditures plus faculty sala-ables to Statistics Canada numbers. In the AUCC

ries), is utilizedO data, the number of reported fte undergraduates did
not always correspond to the sum of the number of
Data fte students in the various programs. Our total of

The data cover 45 Canadian universities for 1992-fte undergraduates is the larger of the two. Also, we
93. The financial information comes from the Ca- categorize all graduate students not in doctoral pro-
nadian Association of University Business Officers grams as master’s students.

(CAUBO). The other information is the same as that

collected byMaclean’smagazine for its annual re- The variables and their sources are outlined in
view of Canadian institutions of higher education. Table 1. The average values and the range of the
The Association of Universities and Colleges of variables are reported in Table 2.

TABLE 2

Descriptive Statistics

Variable Mean Minimum Maximum
Outputs

UG 11,706.8 1,976 37,304
UG SCI 5,471.5 276.3 18,564.8
UG OTHER 6,235.3 566.7 19,170.0
GRAD 1,602.7 5 7,360
MASTER’S 1,151.4 5 5,525
DOCTORAL 451.2 0 2,877
RESEARCH$! 34,201.7 389 166,735
%SSHCC 16.2 2.1 45.3
%MRCNSE 79.8 10.2 147.5
Inputs

FACULTY 719.6 102 2,380
FAC SCI 375.0 25 1,453
FAC OTHER 344.6 53 938
OTHEREXP! 118,232.9 10,728.8 475,352.7
TOTALEXP! 180,204.8 20,522.0 698,741.0

Note: 'Thousands of dollars.
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TaBLE 3
Alternative Variable Sets

Variables 1 2 3 4 5 6 20/3¢1 40" 50"

Output

Undergraduate Teaching

UG X X X X
UG SCI
UG OTHER X X X X X

Graduate Teaching

GRAD X
MASTER’S

DOCTORAL X X X X X X X X

Research

RESEARCH$ X X X X X X X X
%SSHCC
%MRCNSE X X X

>
>
>
>
>

>
>
>
>
>
>
>
>

>
>
>

Inputs

Faculty

FACULTY X X

FAC SCI X X X
FAC OTHER X X X

Other
OTHEREXP X X X X X X

Financial Input (only)
TOTALEXP X X X

> >

Note: 'Cost specifications: that is, financial expenditure is the only input.

THE DATA ENVELOPMENT ANALYSIS versus less emphasis on research raises the ques-
tion of whether it is legitimate to analyze all these
Data Classification universities together. Preliminary analysis indicated

Maclean’sidentifies three classes of universities; that there appeared to be no problems with analyzing
comprehensive with medical school, comprehensivethe universities as a single group. Applying DEA to
without medical school, and primarily undergradu- each of the threblaclean’scategories yielded effi-
ate. DEA assumes that the decision-making unitsciency results parallel to those obtained when the
being analyzed produce similar outputs using simi-three clusters were combined. For example, units
lar inputs and technology. Differences among uni-identified as efficient in the analysis of the 45
versities arising from the presence or absence ofogether were also found to be efficient units when
medical schools, large versus small graduate prothe analysis was done on the three subgroups. Thus,
grams relative to undergraduate programs, and morbecause the results are consistent and the larger
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grouping offers more opportunity for analysis, the with medical schools are found efficient (McMaster,
45 universities are analyzed as a single groupMontreal, Toronto, and Western) and efficiency
Though the scores are comparable among categccores in that group range from 0.78 to 1.0. Six of
ries, it is often convenient to discuss the results forthe 11 comprehensive universities without medical

the separate categories. schools are efficient in this analysis (Concordia,
Guelph, UQAM, Trois- Riviére, Windsor, and York)
DEA Model Specifications but, among the others, efficiency scores range down

The results of nine different specifications of the to 0.75. Eight of the 19 primarily undergraduate
DEA model are reported. We offer this set of re- universities have an efficiency score of 1.0 (Bish-
sults because DEA analysis can be sensitive to thep’s, Brandon, Brock, Mt. Allison, Mt. St. Vincent,
variables included. Here, the consequences of inRimouski, Wilfrid Laurier, and Winnipeg) but scores
cluding additional or different variables will be ob- go down to as low as 0.58. Based on average effi-
vious. Model 1 is the most parsimonious specifica-ciency scores — 0.92, 0.93, and 0.90 — there ap-
tion. It has the fte undergraduate enrolment (UG),pears to be little difference in the relative efficiencies
the fte graduate student enrolment (GRAD), and theamong the three categories of universities.

amount of sponsored research (RESEARCHS) as

output variables and faculty numbers (FACULTY) In Model 2, the graduate student variable is di-
and other inputs (OTHEREXP) as input variables.vided into master’s level and PhD level students
Various alternative and additional variables are in-(MASTER’S and DOCTORAL). This allows for the
troduced to amend this basic model to capture theossibility that the amount and type of resources
effect of potentially important factors and/or pro- needed to educate those two levels of students may
vide perspectives of interest. The following changesdiffer. This distinction seems important and it has
are introduced individually or in combination: its major impact on the efficiency scores of univer-
(i) graduate students are divided into master’s andsities in the two comprehensive university catego-
PhD levels; (ii) faculty are divided into those in the ries. In the with-medical-school group, only one
sciences (in the MRC and NSERC disciplines) andmore university (UBC) is rated efficient, but five
those in the social sciences, humanities, and fingAlberta, UBC, Laval, Ottawa, and Queen’s) show
arts (the SSHRC and Canada Council disciplines)notable improvement with the average efficiency of
(i) undergraduates are divided into those takingthe five rising from 0.89 to 0.96. The average effi-
science-related programs and all others; (iv) twociency for this category as a whole rose from 0.92
variables reflecting faculty members’ success atto 0.94. In the without-medical-school category,
getting council grants are added; and finally, (v) all UNB, Simon Fraser, and Victoria report efficiency
inputs are combined into a single cost variable. Ninegains from 0.04 to 0.07 but no more ranked as effi-
specifications are analyzed and the variables comeient. Memorial, however, slipped from 0.77 to 0.61.

prising each model are shown in Table 3. Among the primarily undergraduate cluster, changes
were more modest. Efficiency scores improved for
Results: By Specification two universities but declined for six. No change

Model 1 is the basic modél.It has five variables; exceeded 0.04 and over the eight, the changes aver-
UG, GRAD, RESEARCHS for outputs and FAC- aged 0.021. Over the primarily undergraduate cat-
ULTY and OTHEREXP as inputs. Being the most egory, average efficiency declined to 0.89 from 0.90.
restricted with respect to variables among the non-The master’s-PhD distinction is maintained in all
cost specifications, it results (as can be seen fronsubsequent models.

Table 4) in relatively few efficient units: 18 of the

45. Efficient universities appear in each of the three  The sciences and the arts are not uniformly bal-
Maclean’s categories. Four of the 15 universities anced among universities. To the extent that this
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distribution implies differences in both inputs and of the paper reported on a model that included seven
outputs, it may be important to recognize such vari-categories of undergraduate programs. Including this
ations in assessing efficiency. In Model 3, faculty number greatly increased the number of efficient
are divided into two groups, those eligible for MRC universities — from 27 to 40. However, adding vari-
and NSERC grants (FAC SCI) and those eligible forables in DEA increases efficiency scores and in-
SSHRC and Canada Council grants (FAC OTHER).creases the probability of a unit being designated
Introducing this distinction adds (relative to Model efficient. Hence, those results were discounted in
2) eight efficient units; three to the with-medical- the belief that they reflected primarily the inclusion
school cluster, two to the comprehensive without-of a large number of variables. Subsequent analysis
medical-school group, and three to the primarily substantiates that conclusion. The Herfindahl index,
undergraduate set. Among those eight, the improvewidely used in the industrial organization literature,
ments in the efficiency scores are typically quite measures concentration (e.g., Curry and George
substantial. Exceptional, however, is PEI for which 1983). A single Herfindahl index value was calcu-
the efficiency score increases from 0.58 to 1.0.lated to reflect the degree of a university’s speciali-
Among the primarily undergraduate universities, zation across the set of seven undergraduate pro-
PEI has an exceptionally high share of its faculty ingrams. When this single variable replaced the seven
the sciences (69.5 percent). Average efficiencyindividual variables, the results matched closely
scores among the three clusters (0.93 to 0.95) conthose of Model 3 with exactly the same 27 observa-
verge under this specification. tions of efficient. Furthermore, adding seven ran-
domly generated variables in place of the seven un-
Separating science from other faculty may notdergraduate program classifications resulted in 41
capture all the differences due to variations in pro-(rather than 40) universities being reported efficient
grams. Model 4 provides the results of including aand, in addition, only eight observations were not
parallel subdivision (as best the data permit) of stu-identical and only three of those differed substan-
dents taking science programs (UG SCI) and thoseially. The diversity of programs offered by Cana-
taking other programs (UG OTHER). For five uni- dian universities is not recognized by DEA as an
versities (Alberta, UNB, Acadia, Hull, and important determinant of relative efficiency. Thus,
Lethbridge), this distinction proves important and while distinguishing science and other undergradu-
raises efficiency notably. Although Lethbridge did ates is relevant, further separation (at least with the
not become efficient, it experienced the largest im-available data) seems unimportant and possibly
provement: from 0.51 to 0.81. A variant of this clas- misleading.
sification but including those in the visual and per-
forming arts with science students (on the grounds Model 5 represents an effort to introduce quality
that they too have a large “laboratory” componentof research and of presumably (primarily) graduate
in their programs which may demand extra inputs)education into the analysis. This is done by adding
gave similar results but with somewhat lower effi- variables reflecting the faculty’s success at obtain-
ciency scores. Also, some studies have found it iming council research grants; that is, %SSHCC and
portant to distinguish between universities having%MRCNSE, the number of active research council
medical programs and those without. Thahdiomy  grants as a share of eligible faculty for both the
was also explored but was found to have almost né&§SHRC plus Canada Council faculty and for the
impact on the results, even relative to the case wher®RC plus NSERC faculty. Although individual ex-
only undergraduates in total is an output. ceptions occur (Dalhousie and Victoria), adding
grant success has a quite modest effect on the effi-
Considering only two classifications of under- ciency scores of the comprehensive universities.
graduates may be insufficient. A previous versionOnly one more in each category becomes efficient
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and average scores hardly change. The impact oohange in specification, three have their efficiency
some of the primarily undergraduate universities isscores reduced (Chicoutimi, Laurentian, and
more dramatic. Three more become efficient and theMoncton). Though imperfect, RESEARCH$ may
improvements are quite large: Lethbridge from 0.81,not be an output proxy that can be discarded in the
St. F. Xavier from 0.85, and Lakehead from 0.88.absence of better alternatives.
This result likely indicates that research strength is
less evenly distributed among, or given a lower and In some instances, it may be more interesting to
perhaps less uniform priority at, the primarily un- consider only the dollar value of all inputs rather
dergraduate universities. Even so, we regard thighan physical amounts of various or certain types.
outcome and the inclusion of these variables for thisTo provide insight of this kind, input cost versions
category with considerable caution. That these vari-of Models 2 and 3 (which are the same when only
ables have such a substantial impact on the effi-one input is considered), 4 and 5 are presented: that
ciency scores of these three universities when theirs, Models 2C/3C, 4C, and 5C. Costs are the sum of
overall grant performance is not that dissimilar from operating expenditures and sponsored research out-
that of others within the group and their graduatelays. While efficiency scores for a number of the
programs are small raises questions about whethendividual universities move down, some improved
the improvement associated with the grant succesge.g., Memorial). Overall, there are fewer efficient
variables might mask important inefficiencies. For units and the average efficiency scores are reduced
example, %SSHCC at 18 percent ranks Lakeheadomewhat relative to the disaggregated input alter-
(with Acadia) at the top of the primarily undergradu- natives. Most notable, perhaps, is that two universi-
ate group and slightly above the 45 university aver-ties that scored as efficient in all previous cases
age of 15.3 percent but its %MRCNSE is below the(Concordia and Trois-Riviére) have efficiency scores
averages of both groups. Is a modest distinction infrom 4 to 11 percent lower here. Some universities
one or the other area of grant success sufficientlye.g., Sherbrooke, PEI) actually fare relatively less
important to university stakeholders to warrant pos-well than those two under the cost specification.
sibly overlooking inefficiencies in teaching (and Clearly, universities that are found efficient using
perhaps research) even if DEA has defined a newhysical measures of faculty inputs need not be cost
efficient point? efficient. This difference is interesting but must be
regarded cautiously because it may reflect the lack
Model 6 demonstrates the effect of deleting of a potentially important distinction (though not
RESEARCHS, a questionable proxy for researchobvious in the data) between science related and
output. Otherwise the specification is as for Model other inputs that is not adequately captured by the
5 and the results are compared to those results. Reutput measures.
moving RESEARCH$ impacts most the comprehen-
sive university with medical schools. Efficiency A summary is deferred until the end of the next
scores decline for 7 of those 15 universities and 2opic.
lose their efficient status. For some, the drop in the
efficiency score is sharp: for example, UBC from Results: By University Category
1.0 t0 0.90, Queen’s from 1.0 to 0.93, and Saskatchit is also interesting to consider how universities
ewan from 0.89 to 0.76. The average efficiency ofcomprising a group and even how individual uni-
this group declines from 0.98 to 0.94. Interestingly, versities performed. The efficiency scores of indi-
the results for the comprehensive universities with-vidual universities are typically relatively high and
out medical schools are essentially unchangedtypically fit within a relatively narrow range. So too
Meanwhile, though no more of the primarily under- for the three categories of universities. The aver-
graduate universities score inefficient due to thisages of the three categories across all universities
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and models are high and very similar: 0.94, 0.95,(i.e., % MRCNSE). Lakehead and St. F. Xavier are
and 0.93. Thus, overall, the results for individual, also responsive to the grant success variables but
and so for the whole group, are typically relatively less so than Lethbridge. The efficiency scores of PEI
consistent and reasonably insensitive to theseare likewise sensitive to one factor but it is the dis-
specifications. tinction between science and other faculty.
St. Mary’s and Trent also respond to the subdivi-
Among the universities in the with-medical- sion of the FACULTY variable but not so much as
school group, McMaster, Montreal, and Toronto con-PEI. Especially for a primarily undergraduate uni-
sistently score as efficient with Western, scoring 1.0versity, PEI has (at 0.69) a very high proportion of
in nine of ten cases, close behind. UBC, McGill, science faculty. That this distinction is on the input
Ottawa, and Queen’s consistently achieve highside contributes to PEI not performing well in the
scores with averages of 0.97 or 0.98. Five universi-cost equations where efficiency is assessed at about
ties (Calgary, Dalhousie, Laval, Manitoba, and Sas-0.55. Interestingly, PEI's efficiency scores in the cost
katchewan) are designated inefficient in all models.models do not respond to the parallel distinction of
Dalhousie (at 0.78) actually has the lowest meanscience and non-science students: that is, the cost
efficiency score while Laval (at 0.94) has the high- inefficiency appears to be associated with a science
est of these five. faculty/science student imbalance. Acadia, Hull, and
Lethbridge demonstrate some efficiency gains as a
Somewhat more variation is found for the com- result of separating science and other students but,
prehensive without-medical-school group of univer- of these three, only Hull to the corresponding sepa-
sities. Memorial consistently scores as inefficientration of science and other faculty. Other universi-
and has, at 0.66, the lowest average score althougties do not show that degree of sensitivity to these
it did rather better in the cost specificatiddfNo  or other factors.
others have an average less than 0.91 (Victoria).
UQAM, Windsor, and York are rated as efficientin  In summary, our own expectations and the results
all cases. Concordia and Trois-Riviere performedof other investigators suggested that specifications
well except when expenditure is the sole input. 3, 4, and 5 (and their cost variants) are preferred
and the results bear this out. Distinguishing between
Several universities among the primarily under- master’s and doctoral graduate students, distinguish-
graduate class perform very well. Seven are deemethg between the arts and sciences, and possibly rec-
efficient in all cases — Bishop’s, Brandon, Brock, ognizing grant success as an indicator of research
Mt. Allison, Mt. St. Vincent, Wilfrid Laurier, and quality are important in determining relative effi-
Winnipeg — while Rimouski has an almost perfect ciency. Among these specifications, we feel that
score. Acadia, St. Mary’s, and Trent have consist-across the full set of universities the results of Model
ently high scores with means of 0.96 to 0.98. As4 (and the corresponding 4C, probably with an ad-
before, some perform less well. Chicoutimi, justment for science input) deserve the greatest con-
Laurentian, and Moncton never rank efficient. fidence. If one were focusing on comprehensive
Chicoutimi reports a particularly narrow range of universities, the variable set of Model 5 is probably
efficiency scores, 0.84 to 0.90. Lethbridge’s scorespreferred. Regardless of the specifications, the rela-
are erratic, ranging from 0.51 to 1.0. Other thantive efficiencies determined are quite robust. In ad-
when grant success variables appear (or when sciition, there are universities in all three clusters that
ence and non-science students are distinguishedpre consistently efficient and others that are con-
its efficiency score is less than 0.68. Note thatsistently inefficient. Finding this cross-category dis-
Lethbridge ranked twelfth among all universities in tribution supports the decision to analyze all the
the proportion of science grants to eligible faculty universities together as a single group. Although the
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relative outputs, objectives, and priorities differ ~ Model 4 has three inputs: faculty in the sciences
somewhat among the categories, the outputs and th@=AC SCI), other faculty (FAC OTHER), and other
technologies seem sufficiently similar that all uni- inputs (OTHEREXP). The reductions in the respec-

versities can be analyzed together. tive faculty needed for faculty to bear its share of
the cuts are very close to 10.5 percent across the
Toward Improving Efficiency three universities. The percentage reduction is less

Identifying ways to improve performance is an ob- than 20 percent because provincial grants made up
jective of DEA. For universities not on the efficiency 77 to 79 percent of the university operating revenues
frontier, DEA recommends input and/or output and faculties accepted a 5-percent cut in salaries.
changes and identifies universities to possibly emu-The residual required to meet the grant reduction
late. To illustrate the approach, we simulate the im-was removed from other inputs. This decrease var-
pact on the Alberta universities of the 20-percentied from 9.2 percent in Calgary to 13.5 percent in
cut in the provincial government grants which were Lethbridge. These reductions do not make any ad-
imposed over three years from 1994-97. Outputsjustments for the parallel wage reductions accepted
however, are assumed not to change. The potentidly non-academic staff, interim price changes or sub-
consequences of the 20-percent cuts are demorsequent changes in other (especially tuition) rev-
strated for both Model 4 and its cost version Modelenue. While more refined calculations could be
4C. Consider the results for Model 4 first. made, they may not be more representative and these
demonstrate the implications quite well. These as-
Using the results from the pre-cut Model 4 as oursumed changes will not necessarily match the ac-
reference, Alberta is efficient and Calgary andtual changes which occurred because of various
Lethbridge are 0.91 and 0.81 efficient respectively.short-run strategies that were adopted but, in the
A simple interpretation of these latter two scores isabsence of further developments, they will approxi-
that these universities should, by using technologiesnate the longer-run implications.
observed at efficient universities, be able to produce
their same outputs with 91 and 81 percent of their The before and after cut efficiency scores are re-
existing inputs. We project the impact of the cuts ported in Table 5. Calgary becomes efficient while
by reducing the inputs in these universities by theefficiency at Lethbridge increases from 0.81 to 0.92
amounts necessary to meet a 20-percent decrease imder this specification. Alberta continues to score

the grants. as efficient.
TABLE 5
Alberta Universities: Impact on the Efficiency Scores of a 20-Percent Reduction in Provincial Government Grants
Efficiency Scores

Model 4 Model 4C
University Pre-Cut Post-Cut Pre-Cut Post-Cut
Alberta 1.00 1.00 0.87 1.00
Calgary 0.91 1.00 0.85 0.96
Lethbridge 0.81 0.92 0.68 0.80
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Table 6 reports the changes in inputs imposed dueniversities and expenditure per student almost 25
to the grant reduction (i.e., to realize the post-cutpercent higher.
efficiency score) and also any further changes that
would be required to achieve efficiency. Itis the lat-  Suppose that universities were not bound by the
ter changes that are of interest here. The imposedpecific reductions in faculty and non-faculty inputs
cuts result in Calgary being scored efficient (andassumed in Model 4. To see the consequences of a
the full amount of those cuts is required). For 20-percent grant reduction with full flexibility of
Lethbridge to become efficient, not only would all inputs, the results for the cost version of the above
inputs need to be reduced by about one-quarter butase, Model 4C, are also reported. Note that under
outputs also need to be expanded. DEA indicateshis specification, no Alberta university is assessed
that undergraduate science-student enrolments coulds efficient prior to the grant reduction (perhaps due
be increased by almost one-fourth, master’sto the inability to distinguish science inputs).
enrolments could be expanded from 27 to 555 and
even a small PhD program could be establisfed.  The 20-percent cut in grants implies reductions
In Alberta’s case, the grant reductions impose cutof 12.2, 11.7, and 14.3 percent in total expenditures
of about 10.5 percent in all inputs although the uni-at Alberta, Calgary, and Lethbridge respectivély.
versity already ranks as efficient. Hence, for rela-With the grant reduction but outputs unchanged,
tive efficiency, zero cuts are needed according toAlberta’s relative efficiency increases from 0.87 to
the DEA analysis. This situation emphasizes an in-1.0, Calgary’'s from 0.85 to 0.96, and Lethbridge’s
teresting reservation. Inputs are reduced and outfrom 0.68 to 0.80 (Table 5). The additional changes
puts maintained under the assumptions of the DEAneeded to achieve relative efficiency differ from
and the efficiency score does not change. But couldhose for Model 4. Here, Calgary is called upon to
Alberta, already on the frontier, actually reduce in- reduce expenditures an extra 1.4 percent to 13.1
puts as projected and maintain the quantities angercent in total and also expand its graduate pro-
qualities of its outputs as assumed? Because Albertgram with a 46.4 percent increase in master’s
is already DEA efficient, there are no other univer- enrolments (from 1,654) and a 19.3 percent increase
sities which independently or in combination accom-in the doctoral program (Table 6). While this change
plish what is projected for Alberta. That is, the would represent almost a 40-percent increase in
changes due to the cuts assumed here go beyon@algary’'s graduate enrolment, it would be only a
best-practices experience so there is no evidence dof.5-percent increase in total enrolment. Lethbridge
other universities already realizing what is beingis again expected to cut expenditure by about one-
expected of Alberta after the cuts. This is unlike thequarter (28.7 percent) and to increase student num-
Lethbridge case. There, on the basis of performancéers. While, again, a small PhD program is indi-
observed at other universities (notably Wilfrid cated, the increase in the master’s enrolment is more
Laurier, Bishop’s, and Mt. St. Vincent) which have modest (about six times to 181.6) but the capacity
input and output structures rather like Lethbridge’s,is seen to exist to expand also undergraduate sci-
it appears that Lethbridge should be able to actuence enrolments by 87.4 percent. The implications
ally produce more with less. Consistent with this of the enrolment changes alone on the student-
result is that the data show Lethbridge to have, relafaculty ratio and on expenditure per student paral-
tive to others in its class, a low student to faculty lel those noted just above for Model 4 which indi-
ratio and high expenditure per student. Even aftercated available capacity. Alberta is found to be effi-
the increased enrolments required for efficiency, thecient without changes beyond the 20-percent grant
overall student-faculty ratio at Lethbridge would be reduction. More important, the 20-percent cut is
80 percent of the average of its three reference sedctually twice what is needed for Alberta to become
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ThBLE 6

Alberta Universities: Input and Output Changes to Realize Post-20-Percent Grant Reduction Efficiency Scores and
Changes to Achieve Full Efficiency

Alberta Calgary Lethbridge
For Post- For For Post- For For Post- For
Cut Score Efficiency Cut Score Efficiency Cut Score Efficiency
Model 4
UG SCI 0 0 0 0 0 +23.2%
(637 -785)
UG OTHER 0 0 0 0 0 0
MASTERS 0 0 0 0 0 +1965%
(27 .555)
DOCTORAL 0 0 0 0 0 na
(0-33.7)
RESEARCH$ 0 0 0 0 0 0
FAC SCI -10.5% 0% -10.5% -10.5% -10.5% -26.0%
FAC OTHER -10.5% 0% -10.5% -10.5% -10.5% -26.0%
OTHEREXP -10.6% 0% -9.2% -9.2% -13.5% -27.6%
Model 4C
UG SCI 0 0 0 0 0 +87.4%
(637 -1194)
UG OTHER 0 0 0 0 0 0
MASTERS 0 0 0 +46.4% 0 +572. 6%
(27-181.6)
DOCTORAL 0 0 0 +19.3% 0 na
(0-14.5)
RESEARCH$ 0 0 0 0 0 0
TOTALEXP -12.2% -6.1% -11.7% -13.1% -14.3% -28.7%

Note: Values in parentheses report the absolute change from actual to projected levels.
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efficient. Alberta would be efficient with a reduc- under Model 4C. Beyond, perhaps, Montreal for
tion of only 10 percent in the grant or 6.1 percent ofcomprehensive universities interested in cost effi-
total expenditures. Models 4 and 4C propose a simiciency, it is difficult to point to any individual uni-
lar pattern but somewhat different specific changesversities which can be considered as examples for
for the three Alberta universities. inefficient universities generally or even for those
within a category. Which universities may serve as
As already indicated, universities seeking to im- good examples for an inefficient university are typi-
prove efficiency have examples to consider. Thiscally specific to each case and can vary with the
information results from DEA calculating efficiency DEA specification.
for a unit relative to an efficient hypothetical alter-
native that is a combination of already efficient units  Calculations of efficiency gains such as these
(the inefficient unit's reference set) having related demand a word of caution. The efficiency improve-
input-output characteristics. Under Model 4C, ments are only realized if inputs decline as assumed
Calgary’s reference set is Brock, Montreal, andbut outputs do not change or can even be increased
UQAM. For Lethbridge, Bishop’s continues as a while maintaining quality. When the Alberta gov-
major university in the reference set but Winnipeg ernment reduced grants, enrolments were not to de-
replaces Mt. St. Vincent and Wilfrid Laurier. Com- cline. However, universities might maintain total
parison with universities in a DMU’s reference set enrolments but shift students toward lower cost pro-
may reveal potential efficiency gains. grams, thus not keeping output constant. It would
be more difficult to determine whether research out-
Reference sets were also obtained for the otheput or quality (as opposed to the crude proxies used
inefficient universities. Although the details are not here) or other (unmeasured) outputs changed with
documented here, we outline the general pattern othe reduction of provincial support and inputs. In
the results. All efficient universities do not neces- addition, the products of the reference universities
sarily appear in reference sets. Model 4 omits eightare assumed to be comparable to those of the ineffi-
McMaster, UQAM, Simon Fraser, Acadia, Brandon, cient unit. If these assumptions are satisfied, DEA,
Hull, Mt. Allison, and PEI. On the other hand, some by comparing inputs and outputs among universi-
universities are noted as examples many timesties and assessing universities against similar units
Montreal 9 and 17 times in Models 4 and 4C, on the production frontier, offers a potentially real-
Rimouski 9 times in Model 4, Winnipeg 12 times in istic and helpful assessment. The difficulty is
Model 4C. Though frequently called upon, the de-whether the inputs and outputs are fully identified
gree to which a university contributes toward theand adequately measured. Hence, DEA's implica-
hypothetical efficient university may be quite mod- tions must be examined and assessed carefully and
est: for example, Montreal averages only 8.7 per-the consequences of acting as suggested thoroughly
cent in Model 4. Many others are to be copied lesseviewed in the specific circumstances before pro-
frequently but are expected to make a larger contriceeding to implement changes.
bution when included. Comprehensive universities
typically appear in the reference set of other com-Scale Efficiency
prehensive universities while those for the prima- As implied by the use of the variable returns-to-scale
rily undergraduate institutions mostly come from form of the DEA, non-constant returns are present.
within that class. However, some, notably Rimouski Examination of the pure scale economies shows that
in the case of Model 4 and Winnipeg in the case ofapproximately half of the universities in each cat-
Model 4C, serve as examples for several universiegory are scale efficient. However, the primarily
ties in all categories. Primarily undergraduate uni-undergraduate universities (with fte student num-
versities appear more often in the reference setbers averaging 4,554 versus 19,708 for the
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comprehensive universities) have, at 0.943, the low=sities have a larger proportion of continuing stu-
est mean scale efficiency value (in contrast to 0.98lents. To allow for this possibility, the undergradu-
for the comprehensive universities) but the scale efate enrolment per bachelor degree granted, UG/
ficiency values are not significantly different. Thus, DEG, is included. Part-time students may introduce
technical, not scale, improvements appear to be th@igher costs or may facilitate the more effective use
avenue to relative efficiency gains. of resources. To assess these possibilities, PART-
TIME, the portion of part-time students is added.
Smaller class sizes are often regarded as a means to
EXxPLAINING EFFICIENCY SCORES better education but smaller classes will require
more faculty input to teach a given number of stu-
DEA analyzes outputs and inputs to determine rela-dents. To allow for variations of this kind, a CLASS
tive efficiency but are there other, yet unconsidered,SIZE variable, the proportion of third and fourth year
factors that may influence the efficiency with which classes having less than 26 students, is included. An
universities use resources to produce output? Tandex of program specialization, H-INDEX, is added
address such questions, analysts frequently seek tbhecause specialization may influence efficiency.
explain the efficiency scores obtained from DEA Sudden, and especially unexpected, changes in
using regression analysis (Lovell 1993). Ideally, enrolments or funding may impose difficult adjust-
DEA analyzes those factors controlled by the ments and impair efficiency so ENROL CHANGE
decisionmakers of DMUs while the impacts of vari- and FUND CHANGE are included. ENROL200 and
ables beyond their control, that is, environmental FUND CHANGE are clearly environmental vari-
factors, are explained by regression analysis. Unables beyond management control. CLASS SIZE is
fortunately, the division between management andunder management control but is not an input or
environmental variables is not always distinct. Gen-output though it can influence the efficiency and may
erally, however, the actual inputs and outputs be-affect quality. The other variables range between
long in the DEA while factors explaining the effi- these in that universities may have some influence
ciency with which inputs produce outputs belong in over them but that may be limited by their socio-
the regression. Because the efficiency scores have @conomic environment or government policy.
maximum value of 1.0 which a number of DMUs
reach, Tobit regression analysis is utiliZédo fa- Total full-time equivalent student enrolment,
cilitate the Tobit framework, the dependent variable FTETOTAL, is added as a final variable. Enrolment
is inefficiency rather than efficiency: that is, one may be seen as a scale measure and its place here
minus the efficiency score. questioned because the DEA has already incorpo-
rated and measured efficiency allowing for variable
Various factors can be thought of that might af- returns to scale. Scale in DEA, however, is multidi-
fect the (in)efficiency of a university. Proximity to mensional while enrolment here is a single factor,
other universities may impose competitive pressuresalthough it presumably is a major determinant of
which enhance efficiency. Proximity may also en- the DEA scale measure. While enrolment may cap-
able specialization or, alternatively, more isolatedture some residual scale effects, its role here is
universities may be obliged to provide a broad rangdargely as a control variable because factors like
of programs, even if at somewhat higher cost, beprogram diversity, class size, and possibly others
cause of the lack of alternatives for nearby studentsmay be size related. Various other potential variables
The number of university students within 200 kilo- have been explored by us with little success.
metres, ENROL200, is used to capture proximity
influences. (Definitions of the regression variables  The regression results presented here analyze the
are found in Table 7.) Costs may be lower if univer-inefficiency scores of Model 4 and, its cost version,
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TaBLE 7

Regression Variables

Variable Definition

ENROL200 total student enrolment in universities within 200 kilometres

UG/DEG undergraduate fte enrolment per undergraduate degree awarded (A)’

PART-TIME part-time student enrolment divided by total student enrolment (A)

CLASS SIZE the proportion of third and fourth year classes with less than 26 students (A)

%SCIENGE proportion of full-time faculty eligible for MRC and/or NSERC grants (A)

H-INDEX Herfindahl index denoting specialization among undergraduate programs (smaller value,
more diversity).

ENROL CHANGE percentage change in total enrolment, 1990-91 to 1992-93 (SC)?

FUND CHANGE percentage change in total revenue, 1989-90 to 1992-93 (CAUBO)

FTETOTAL total full-time equivalent student enrolment; UG plus GRAD

Notes: 'A indicates AUCC data.
28( indicates Statistics Canada data source.

Model 4C. Because Model 4C does not distinguishhere. This indicates that program specialization re-
between science and non-science inputs,duces inefficiency or that diversity involves some
%SCIENCE, the proportion of faculty eligible to cost. FTETOTAL is both an important explanatory
apply for MRC or NSERC grants, is included as anand control variable. For example, without it, H-
independent variable. In the case of Model 4, onlyINDEX is not significantly different from zero. Al-
14 of the 45 universities score as inefficient but, inthough there is relatively little difference among
the 4C case, 27 are inefficient so there is greateefficiency scores or scale efficiencies across the dif-
variability in that data. ferent categories of universities despite size differ-
ences, size, as measured by fte enrolments, decreases

The regression results appear in Table 8. Focusnefficiency. With one possible exception, the other
initially on the results for Model 4. ENROL200 has variables are not important in explaining inefficiency
a negative and significant coefficient indicating that in this case. The possible exception is PART-TIME
inefficiency decreases the larger is nearby enrol-enrolment. Although not highly correlated with the
ment. The reason for this reduction is not certain.other variables individually, multi-collinearity may
However, the inclusion of H-INDEX in the equa- still be a problem. The coefficient of PART-TIME
tion controls for the degree of specialization, sois not significant here although it appears signifi-
greater competition may be an important contribut-cant in a variety of more parsimonious specifica-
ing factor. While H-INDEX did not contribute to tions. Hence, larger part-time enrolment might re-
the DEA, it has a significant negative coefficient duce inefficiency as measured by Model 4.
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TaBLE 8
Tobit Regression Results'

Variable Dependent Variable is the Inefficiency Score from:
Model 4 Model 4C
ENROL 200 -0.593E-4 -0.474E-5
(-2.675)** (-1.381)
UG/DEG 0.445 0.239
(1.627) (1.130)
PART-TIME -3.277 -0.186
(-1.316) (-0.108)
CLASS SIZE -0.370 -3.235
(-0.111) (-1.663)
H-INDEX -13.382 -3.382
(-2.113)** (-1.390)
ENROL CHANGE -0.056 -0.048
(-1.417) (-1.470)
FUND CHANGE 0.027 -0.637E-3
(1.034) (-0.325)
FTE TOTAL -0.102E-3 -0.120E-3
(-2.169)** (-3.587)***
% SCIENCE - 4.484
(2.722)**
CONSTANT 5.555 2.855
(1.650) (1.240)
Log likelihood 5.099 10.697
Proxy R?(note 2) 0.584 0.493

Notes: 'The dependent variable is one minus the DEA efficiency score. Coefficients are the normalized coefficients. The
t-statistics are in parentheses. *, **, and *** denote coefficients significantly different from zero at the 10%,

5% and 1% levels respectively.
2Squared correlation of the observed and expected values.

The regression results differ somewhat for thean added variable here. It is included because, un-
Model 4C scores. Again, fte enrolment is an impor-like Model 4, there is no distinction in this DEA
tant explanatory and control variable and, as beforemodel on the input side of the potentially different
larger enrolments contribute to lower inefficiet€y. requirements of the sciences. While science student
Note that %SCIENCE — the portion of the faculty output is distinguished as in Model 4, that may not
in natural, engineering, and medical sciences — ishe sufficient. That suspicion appears correct.
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%SCIENCE has a significant positive coefficient in- of 45 Canadian universities using 1992-93 data.
dicating that the larger the portion of faculty in the Outcomes are obtained from nine different specifi-
sciences the greater the inefficiency in cost termsccations of inputs and outputs. Although specifica-
due, we expect, to the higher cost of supporting scition is important, the relative efficiencies are quite
ence faculty. Thus, when comparing efficiencies, it consistent across the alternatives (and especially so
is important to control adequately for the relative across the preferred alternatives). A subset of uni-
size of science programs. No other variables are imversities — including universities from each of the
portant in explaining cost inefficiency. The only three categories (comprehensive with medical
other coefficient approaching conventional levels of school, comprehensive without medical school, and
significance is CLASS SIZE. The negative sign on primarily undergraduate) — are regularly found ef-
CLASS SIZE is somewhat surprising in that it im- ficient and a subset quite inefficient but, overall, the
plies that as the portion of small senior classes inefficiency scores are relatively high. The average
creases, inefficiency decreases. This unexpected siganiversity is about 94 percent efficient but there is
might be explained by various possible interactions,a possibility that, due to the modest number of ob-
for example, larger junior classes. Notably, neitherservations, efficiency scores are upwardly biased.
ENROL200 nor H-INDEX is important in this case, Simulations of the recent 20-percent cut in provin-
although the coefficients of both have negative signscial grants to the Alberta universities illustrate, based
as before. on the performance of similar universities, poten-
tial efficiency improvements as implied and meas-
These regression equations explain only half orured by this methodology. Important limitations of
a little more of the inefficiency. This is not neces- the approach are also illustrated by that example.
sarily a problem. It may be indicating that the ma- Regression analysis of the (in)efficiency scores is
jor determinants of efficiency are captured by therelatively unsuccessful in identifying further deter-
DEA variables — that is, environmental variables minants of inefficiency. There is some evidence,
are not that important. While there certainly is room however, that competition from nearby universities,
for improving the measures in the DEA and in the program specialization and, to a greater extent, to-
regression analysis, some of the inefficiency maytal enrolment (although the DEA already allowed
not be explainable by independent elements but refor economies of scale) increase efficiency.
sult from differences in resource utilization and
management at the university level. The choice of variables included in the DEA is
important. It is valuable to distinguish between
Several other variables were considered but foundnaster’s and PhD level graduate students. It is also
not to explain inefficiency. Variables also examined important to identify separately science and other
included variations on the funding change and theprograms in terms of both inputs and outputs (i.e.,
enrolment change variables, various levels of fund-faculty and students here). Interesting and impor-
ing variables, adjustments for input prices, the prestant to note is that universities that are input effi-
ence of medical programs, the share of academicient are not always cost efficient although the two
salaries paid to part-time staff, and measures of grantesults are generally consistent.
holding.
While working with commonly used measures of
input and output, we are not satisfied with the vari-
ConcLusioNnsAND CAVEATS ables available; especially the output measures.
Quantities or numbers of students in undergradu-
This paper reports on the results of using data enate, master’s and PhD programs are measured but
velopment analysis to assess the relative efficiencynot the value added by the teaching and the research
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training the universities provide. Using sponsoredBut it is DEA that, partly by providing comparable
research funding as a proxy for research output igankings, can motivate such assessments plus offer
particularly deficient. There is no indication of the direction by pointing to options and to better perform-
value of the scholarly contributions or technologi- ing comparable institutions.

cal improvements which resulted from the funded

research nor any indicator of the amount or value of Further DEA could be of added assistance. Im-
unfunded research. Success with council grantgprovements might be made by identifying students
probably serves as a reasonable index of scholarat all levels by area of study: for example, Canada
ship but it too must be viewed with considerable Council, MRC, NSERC, and SSHRC. Also, it could
caution. There is no measure whatsoever of the pubbe useful to analyze more homogeneous units, fac-
lic service component of university output. Nor is ulties or departments, across universities. At those
there any attempt here to account for capital inputdevels existing measures may be more meaningful
or the specific quantities of other inputs (beyond anand superior alternative and additional data are likely
aggregated dollar measure) other than faculty. Alsoto be available. Overall, the analysis presented here
only faculty numbers (usually two types) are used.is an interesting and helpful step toward further
There is no accounting for possible differences instudy of university productivity in Canada.
experience or other quality considerations. In this

context, there is a danger that a university that taught

large numbers of students, held large amounts ofNOTES

sponsored resea.lrf:h funding and had a small faCUIt>f’he authors thank W. Chan and the University of Alber-
WOUld. appear efficient and held as a standard to mee, s office of Budget and Statistics for research assist-
even if the students were poorly educated and fewynce, They thank too S. Landon, the referees, and the
scholarly publications resulted. This problem is not editor for their valuable comments and suggestions.
a concern here. The academic objectives of univer- o _ _
" . . Provincial government operating grants to Canadian
sities and their funding governments and agents plus .~ " . . .
int . i it beli universities per full-time equivalent student averaged (in
Inter-university competition ensure, we belleve, ;9g5 yoliars) $7,911 in 1980, $6,376 in 1989 and $5,530
comparable standards of teaching and research, 1995 (CAUT 1996, pp. 12-13)
However, the lack of good quality as well as quan- , _ S _ _
tity measures of output and input limit comparisons ~ “The discussion in this section draws partly from in-
among universities and, likely more seriously, COm_troductlons to DEA available in Ali and Seiford (1993),

arisons over time. especially when resources ar Bankeret al (1989), Lovell (1993), Seiford and Thrall
parisor » especially {1990), and Silkman (1986).
changing.

SEpstein and Henderson (1989) assess DEA as a man-
Despite these caveats, the DEA analysis is helpfulagement tool.

It provides more reliable comparisons than perform-  4pjernatives to DEA exist. Another non-parametric
ance indicators. Universities can see their standinghon-stochastic method, a variation of DEA, is the free
relative to their peers and assess their performance anflsposable hull (FDH) approach. Frontier regression
options with the information generated. That supple-analysis offers a parametric option but is limited to a sin-
mentary analysis must be done at the individual uni-gle dependent variable (e.g., cost). Lovell (1993) dis-
versity level. The universities have the information, cusses both these alternatives. De Borger and Kerstens
insight, and understanding of their operations, inputs(1996) compare DEA and FDH in an application.
outputs, circumstances, expectations, priorities, etc. spea models may be input or output oriented. This
that enables them to do those assessments more knovézample is written in the input-oriented context. If an
edgably than the simple but fundamental diagnosesutput-oriented analysis were done instead, the efficient
resulting from the limited descriptors available to DEA. and inefficient units would remain the same but the
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efficiency scores could differ between the two. See Ali  15See Judget al. (1988) for details.

and Seiford (1993), for example.
( ) P 18Though enrolment is an important variable in both

Swithout prices, it cannot be determined which (if any) of the equations reported here, it was not uniformly im-
of the three technically efficient DMUs are economically portant in explaining the inefficiency scores of other
efficient. models examined.
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