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Using Data Envelopment Analysis: a Case of
Universities
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Abstract: The aim of this article is to analyse appropnats and adequacy of use of
Data Envelopment Analysis (DEA) in several resegrapers dealing with effectiveness
of economy of universities. The Data Envelopmentlfsis is an interesting method
used for evaluation of technical efficiency of puotion units. Comparison is the basic
method of this article. At the beginning, basic hoelological questions of
measurement and evaluation of efficiency are apdlyBicluding definitions of terms
efficiency and effectiveness, ways of measurememnt frmulation of appropriate
indicators. Based on the given perquisites for measent and evaluation of efficiency
five articles on evaluation of efficiency of unigéres using DEA method, published in
Canada, Australia, Great Britain, Germany and Spai998 — 2008, will be assessed.

DEA is able to use more parameters of input andudub evaluate which of units under
examination is the most effective, and to comparemunits with it. For this, it is
necessary to have a homogenous group of unitsréht of assessment shows that all
the examined studies focused rather on way of tlon then the point and reason of
measurement. The articles contain a discussion ecoimgy choice of appropriate
indicators but do not at all deal with the issudtsfconstruction using interventional
logic; the articles do not contain any comparisdnobjectives of the particular
universities.

Evaluation of efficiency of universities is a sdc@nstruct and it will always be a

subjective matter related to objectives of a paldic stakeholder. This fact explains
how to approach the evaluation of efficiency: ihecessary to set an objective function
that means to set the objectives of a given stddehand his preferred results and
outputs. All the studies lack this basic logic.

Key words: public services, organizational effectiveness, ivensities, data
envelopment analysis

JEL Classification: D240

Introduction

Development of information technologies made pdsditr scientists in many research
fields to use new methods and tools for work witteasive data sets. Similarly to other
scientific branches, economy uses mathematical tnogleof complex economical

phenomena and systems, analyses and verifies sogélsnand creates predictions and
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materials for optimal decisions. But the possipilif using sophisticated methods and
availability of extensive data sets sometimes plevhae logic of what is examined, and
why and if results of complex calculations make aegse.

One of such examples is using of Data Envelopmeralysis (DEA) which seems as
one of the most suitable methods for comparisoneffitiency of various units

providing public services. Its use is, similarly ather methods, limited for several
reasons. Generally speaking, public services avayal influenced by a public policy
(strategy) which is used by a government to infagem specific domain of public
services (either directly by public expendituregreonmes or through fiscal, legislative
and other regulation mechanisms). Public serviaes psovided by various entities
where each of them has its own motives for progdihe services and which are
influenced by a whole range of different stakehrdde

When the author made a bibliographical researcibBA during the work on his

dissertation, he discovered that some expert sugseng DEA method contain many
mistakes, e.g. use of inappropriate data and iacbmr incomplete interpretation of
results. Although the research question of theediason has a different focus (What is
the influence of chosen organisational statute fflecveness of public service

providers), on its concrete level, the dissertatiolh deal with the same theoretical —
methodological problems which arise when using DiEAthod. The key factor for

correct application of complex method is to proc&edh correct theoretical basis, and
that is why the topic became a theme of a separtitde.

The aim of this article is to analyse by means nfical analysis suitability and
appropriateness of use of Data Envelopment AnalyBiEA) in several works
concerning efficiency of university management, @ondsuggest how to use and
correctly interpret the DEA method. The article s ambitions to analyse all the
studies about university management effectiveneBkhvas well have used DEA
method. The article will focus just on the studiest available because the key role of
applied sciences is to publish reliable resultsis that, the article does not use own
data, as these can be considered the analysedsstudi

At the beginning, it has to be also added that nfeasurement and evaluation of
efficiency in the context of higher education ismicated. Measuring efficiency and
productivity in universities provides an indirectvatuation of public funding
management informs policy making and improves usite productivity and
consequently public funding management. Produgtiuit higher education has an
obvious multidimensional character as it relatelsdth production and dissemination of
knowledge through its various activities of teachinesearch, and outreach activities
(Dundar, Lewis, 1998).

The logical structure of the article is built iretfollowing way: the first part describes
the issues of methodology measurement and evatuafiefficiency of public services
and universities (higher education). Here, the dgson of DEA method will be
included. The second part will contain analysedatia, methods and results of the
particular scientific studies. The last part widtfis on the question of what is possible
to measure and evaluate with respect to the effigien the sector of public services,
and whether at all.
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Methods

Comparison is the basic method used in the artiglst, it is necessary to begin with
basic methodological questions of measurement aali@ion of efficiency. Although
it seems that many treatises were dedicated taitlefi of efficiency, methods of
measurement or setting of indicators, it is in ¢hesry basic building components that
research studies usually make most mistakes. Tt ref this part of the article will
thus comprise of determination of conditions foraswement and evaluation of
efficiency, and these will be subsequently compasdtth the texts of the particular
studies.

Definitions

Although efficiency is the key concept of economstadies, there are many diverse
definitions of this concept which use various erplions. On general level, Mankiw
says in his book Principles of economics: "Efficgmmeans that society is getting the
most it can from its scarce resources.” (Manki@Q?2, p.32). Dictionary of terms in the
book Economics (Samuelsom, Nordhaus, 1992) expthmsame expression; "Use of
economic resources that produces the maximum vehtisfaction possible with the
given input and technology." Without ambitions ekeger analysis, it is possible to state
that both of these definitions coincide in fundataén

Macmillan’s dictionary of modern economics mentidn® explanations of the term
efficiency, the first being "X-efficiency" which idefined negatively (as X-inefficiency):
"the situation, where a firm does not minimalisiatacosts so the real output of given
inputs does not reach possible maximum". The sem@mlanation defines the Y-
efficiency term which is defined negatively as welhd evaluates market profitability
of a firm where upon weakening of the competitibe firm fails in its function of
product supplier to customers willing to pay pralfite price (Pearce, 1992).

In classical textbooks of economy of public se¢Musgrave, Musgrave, 1984; Stiglitz,
2000), the concept of efficiency is identified witle so called Pareto efficiency, where
economical decision is efficient when there a cleacgnnot occur, where one subject
gains without losing any other thing. Solution ffiokent when the benefit of at least
one person grows and the benefit of the othersirsmanchanged. Often we can see an
understanding of efficiency as a result of a refatbetween volume of inputs and
volume of outputs. Therefore, solution is consideges efficient when use of all
disposable resources brings maximum benefit.

But the crucial question of this article is not ‘waxamine and increase efficiency" but
"how to measure and evaluate efficiency". For thispose it is necessary to make the
definitions more specific, as was already done bitdh and Fitzpatrick (1985, p. 520):

. In their opinion, the term "technical efficiency'eans to reach maximum output
per given inputs. Efficiency itself is expressedatio of outputs and inputs, or it
is measured in costs per unit. The term definedhis way refers to the
maximization of production or supply of goods, bwithout any relation to
demand, of course.

*  The term "allocative efficiency" is explained as@pe of production processes
estimating the state of market supply and demarelaten to the technical
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efficiency is here defined in such a way that thehnical efficiency should be
maximised for production of such goods, allocat@nwhich does not reflect
current conditions of demand. To illustrate theneén the public sector, public
mass transport is given as an example, providinghach is a form of support for
low income population of a town but according te ttructure of customers it
appears more as a support of middle and high inqmpelation. Besides that, it is
most often used by non-residents of the town whoatgay local taxes of which
the service is subsidized.

»  "Social effectiveness" is understood as an integeat (evaluation criterion) of
performance evaluation of governmental programslipwsector activities. The
object of examination is an adequacy of objectivesublic expenditure programs
and its fulfilment. In comparison to technical eifincy (of efficiency of tools), the
efficiency here refers to indicators related toistattion of customer (user),
achieving of social results and objectives.

The patrticular terms defined by Dalton and Fizg#trnore or less comply with general
theoretical concepts quoted above. While undersignaf the term mostly corresponds
with expression "allocative efficiency”, definitiahexpression "technical efficiency" is
the most appropriate expression for X efficiencythdugh the expression "social
effectiveness” does not fully tally with understangd of public sector according the
Musgraves couple or Stiglitz, it already uses @fficy evaluation typical for the public
sector — evaluation according to objectives. Siryilaefficiency of organisations is
examined.

For easier understanding of the difference betwéem expressions "technical
efficiency" and "social (programme, organisationeffiectiveness”, the following part
will explain with the use of interventional logioWw, and based on which criteria, it is
possible to evaluate efficiency of public expendityprogrammes and organisations,
eventually.

Indicators of efficiency

In the case of public expenditure programmes, iefiicy expenditure programmes is
evaluated according to the so-called 3E module, revitbe three Es (Economy,
Efficiency and Effectiveness) are explained infdiowing way:

1) Economy is the first element of the three Es modaVering the financial aspects
of work being done. Economy is measured by lookihthe cost of the resources
consumed and the value of the output delivered.

2) Efficiency can be measured in terms of the inpatgiired to generate the outputs.
It is about the way in which work is completed. lEsample, if the same work can
be completed using less inputs or resources tHeneetty has improved and vice
versa.

3) Effectiveness can be explained in terms of whadcdisieved. It is about whether
targets are met or not. Performing effectively nsetirat the right work is being
completed. Effectiveness is measured by settingctaatr objectives before work
starts and then evaluating whether the objectieee lheen met or not.
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Similarly to other quantities, efficiency, too, iseasured using appropriate indicators.
When evaluating efficiency of public expenditureogmammes or organisational
efficiency, the following so-called interventioriabic is used:

Objectives— Outcomes— Outputs— Activities — Inputs
The relations between the levels of efficiency amticators are described in figure 1.

Content meaning of these terms is generally acdequtd the same, here the definitions
will be accompanied by examples from universityisstument:;

= Qutcomes are intended output induced changes ialsgitucture, environment or
in characteristic of people (Robinson, 2002. p.3).

= Qutputs are goods or services procured by a prodand provided for final
consumer (Robinson, 2002, p.3). It is direct outpiuad programme or an activity
(Allen, Tomassi, 463-4).

= Activities are parts of a programme with specifigjextives, they make possible
measuring and management of efficiency (Allen, Tesn&001).

= Inputs are resources such as people, raw mateziasgy, information, or finance
that are put into a system to obtain a desireduutp

Levels of efficiency, indicators and interventiorlafic can be easily explained by
comparison of a car and a tractor. We use econawgl lwhen purchasing both

vehicles, lower costs are considered advantagében comparing both vehicles as
far as efficiency is concerned, we can evaluatéopmance of the motor at given fuel
consumption, or the other way round, by fuel cortion for number of kilometres

travelled. Effectiveness relates to the purposthefvehicle use, which is different for
each vehicle. So while a car is used to transpedpfe, and we expect appropriate
equipment represented by number of seats, luggageartment and low consumption,
the most important characteristics of a tractoitssuse for various field agricultural

works and as traction force.

When using interventional logic, we will evaluateirghase price (input) during
purchase of the tractor (output) according to thenlper of ploughed hectares of an
agricultural land per day (result). These critexidl be absent in the case of a car, of
course. For each unique objective there is a uniouee of inputs and outputs.
Everybody knows what sort of vehicle is neededsadrsfaction of his/her needs.

The relation between result and output is alwaggéct. Although reaching the output

always depends on the participant, the resultfisénced by other factors. So in case of
ploughed hectares of agricultural land, the rolplé/ed not only by the characteristics
of the tractor (performance of engine, speed, widfthploughshare) but also by

composition of the soil, weather and skills ofdtsser.
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Figure 1: Measuring Efficiency
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The interventional logic mentioned above givescpadance about how to start when
searching for optimal indicators for evaluationefficiency. First of all, the objectives
have to be defined by indicators. In case of pugivices, objectives are defined by the
providers and through public policies, too. In pige however, the objectives are
rarely exactly specified and much less quantifladhe discussion part of the article we
will have a look at the reasons why it is so.

Optimal indicators for universities

Unfortunately, the majority of scientific studiescfised on measurement and evaluation
of efficiency of universities skipped this phasedause of lack of objectives) and
started directly to search the optimal mix of ipahd outputs. Therefore, no wonder
that as the teaching, research and support actwasconsidered objectives of
universities (e.g. Dundar, Lewis, 1998, McMillanatia, 1998). But according the
interventional logic, teaching and research arearbfeidentified as activities. The
purpose (objective) of teaching is to increase ll@feeducation, and the purpose of
research is to create a new knowledge and traitsfgo practice. So the indicators of
number of successfully graduated students with reaicequalification or number of
published papers and patents registered can begoamified results. In both of these
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cases, these are gross indicators which do notssadly have to correspond with
reality.

For example results of educating should alwaysatorguality parameters. Cohn et al.
(1989) maintain that numbers of students that lgmaduated represent an accumulated
output of several years, depending on time lendttdegree; the efforts of non-
graduated students is overlooked and there are mnteri@ measuring quality.
Nonetheless, it must be recognized that studeciée@ements depend not only on the
quality of teaching, but also on ability of theduts and their initial qualifications. The
research activity should not end just by publicatd a result but by its implementation
into practice as well. For example cooperation ppl@ation sector and research
institutions does not necessarily end by patenaryr other protection of intellectual
property. Finding of optimal indicators is in caskpublic services always difficult
nevertheless mistakes should not occur.

Some authors interchange outputs and results wihiging for suitable indicators. For
example, Flagg et al. (2003) considers the numbendergraduate degrees awarded a
clearly important measure of the output of any arsity. However, an obvious
shortcoming of this measure is that it fails toetany account of the quality of the
degrees awarded. According to him, one way of takjmality into account would be to
use the graduate unemployment rate, standardizesubject and gender mix, as an
index of the quality of degrees awarded.

Indicators for publications such as number of mi@d books, book chapters and
refereed journal articles and conference procesdomynts are sometimes used as a
measure of research output. Sinuany-Stern et @94)land Tomkins and Green (1988)
use both publications counts and grants. Sarafogit@liHaynes (1996) use number of
articles and a citation impact factor. In their won American universities, De Groot et
al. (1991) incorporated a measure of both reseautput (bibliometric) and quality
(peer review).

Full-time equivalent student enrolment and studeetlit hours are considered some of
the most appropriate indicators of outcomes ofhiacin university environment. The
latter has been used (Sinuany-Stern et al., 1994 lban have the problem that credit
hours can differ significantly among programs ofl-fine students (e.g., science
students with labs versus students of humanita®), these differences more likely to
reflect input differences than learning differences

Though various measures of research are commokéntas measures of university
output, they are often measures of an intermegiatduct. The real output consists only
of new knowledge reached, or knowledge transferrmieg to the focus of the

university, respectively. Lacking reliable and &asibtainable output measures, many
studies substitute research grants. Tomkins anerG(2988) suggest that research
grants reflect the market value of the researchdeoted and therefore, can be
considered a proxy for output. However, the useeskarch income as a measure of
output is problematic since such income may beidensd to be an input into the

research process rather than an output (Johneseglol©93, p. 338). Ahn et al. (1988)
blend this approach using state funds allocatestate institutions of higher education

as input, and federal and private research fundeugsut. Research grants may be
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considered a market price that gives informationtiom quality as well as on the
guantity of research output, e.g. see Johnes (1992)

Inputs pose fewer difficulties. Although there anany kinds of inputs (for example,
academic and support staff, student services, ridma computers, equipment and
supplies, maintenance, buildings, etc.), they caumally be defined relatively well in

terms of amounts or expenditures. The fact thateedjpures can be a relatively
complete measure of input, and are well documermpens the possibility of studying
cost efficiency. Variations in input quality, howasy may not be easily distinguished
(McMillan, Datta, 1998).

Nonetheless, because there is interest in thdeaftig of various specific inputs, several
critical inputs are usually included. Academic fiafa primary input and the largest
item in university costs, and is typically incorpted in full-time equivalent numbers or
as salary expenses (Ahn et al., 1988). Other seghamdesignated inputs may include
support staff, library expenditures, sometimesaientesearch costs or student input and
plant (Ahn et al., 1988) or space (Bessent eil8Bg3).

Data Envelopment Analysis

Generally, productivity depends on production textbgy, efficiency of production,
and production environment. Data Envelopment Ansly®EA) is focused on
measuring the second, that is, production effigiefar each production unit of a set of
decision-making units (DMUs) — universities in thistance. Comparability means
that the set of producers has the same objectivetssgproducing similar outputs using
similar inputs with the same technology.

DEA is used to measure efficiency when there arktipheiinputs and outputs and there
are no generally acceptable weights for aggregatipgts and aggregating outputs. In
the case of one input and one output, the outguutinatio reveals efficiency. If prices

exist for all inputs and outputs, the value of apto the value of inputs (or indexes of
these) can be used. A full set of prices may emitite case of private firms. In the case
of public sector production, prices typically dot mxist or do not reflect social values;
hence the appeal of DEA for the efficiency analpdipublic operations.

The lack of prices means that DEA analysis measteehnical efficiency, not
economic efficiency. That is, the DEA reveals hofficeently are inputs used to
produce outputs, but not whether even the efficignitts could reduce costs or enhance
the value of outputs by choosing different combora of inputs or outputs.
Nevertheless, information on technical efficiency valuable for assessing and
improving the performance of DMUs when price infation is absent or limited.

As a technical analysis, DEA is relative. From se¢ of DMUs analyzed, it determines
an efficient group. It still might be possible, heover, to improve the technical

efficiency of even those efficient units which wettee best production possibilities

known. However, the actual production functionda$ known and none is assumed. The
efficient units in DEA are the most efficient ofode observed, not in comparison to
some ideal. Thus, the DEA efficient group is thabset demonstrating the “best
practices” among a group of operating units. loédfit DMUs are compared to those
units demonstrating superior performance (McMillBafta, 1998).
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Mathematically, DEA is a linear programming proceddor a frontier analysis of
inputs and outputs. DEA assigns a score of 1 tminanly when comparisons with
other relevant units do not provide evidence officiency in the use of any input or
output. DEA assigns an efficiency score less thasto (relatively) inefficient units. A
score lesser than one means that a linear comtninafi other units from the sample
could produce the same vector of outputs, usinqaller vector of inputs. The score
reflects the radial distance from the estimateddpection frontier to the DMU under
consideration.

Conditions for measurement and eval uation of efficiency

The overview mentioned above of definitions of @éncy and short outline of way of
measurement of efficiency, introduction of possiblticators and DEA method leads to
setting conditions for making evaluation and measwnt of efficiency possible:

1) Efficiency is always a relative quantity. Efficign@s a concrete value has its
information value only when compared with efficignof other alternatives;
without this comparison, there is no appropriafermation value. The conclusion
concerning the level of relative efficiency is pibss to find only when comparing
the obtained value with indicator of the same awesion, that elaborated:

a. for different (past) time period for the same emntit

b. for different entity (in the same time period),

c. for different entity and different time period, bprovided that there is
similarity, comparability of conditions.

2) To express the efficiency in numbers we have telguantifiable (numeral) values
of inputs and outputs at our disposal. Althoughsiteasier to find appropriate
indicators in profitable environment where quantfyprofit (in monetary units) is
the indicator of efficiency, it does not mean tlitais impossible to measure
efficiency in public sector. Given that it is nolways necessary to relate the
efficiency in public services to the objectivese tindicators should be set on the
basis of interventional logic.

3) The Data Envelopment Analysis is a method interfde@valuation of production
efficiency using technical efficiency. The DEA methselects from a file of units
the most efficient and compares with them indicatofr inputs and outputs of the
other units. The basic condition for performingtbé DEA method is a file of
homogenous units with the same production (objegfumction.

Data and Results

Articles on evaluation of efficiency of universiiausing DEA method, published in
1998 — 2008, will be assessed herein. The studers wearched for through Google
search using keywords “data envelopment analysigl’ “aniversities”. Although this
way of searching is not a sophisticated methodpitesponds with the lay approach.
That means, this approach also corresponds witlarie assignment which was “to
analyse the best available studies”.
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The following studies (full bibliographical referees are available at the end of the
article) were chosen:

= McMillan, M., Datta, D. (1998)

= Abott, M., Doucouliagos, C. (2003)

= Flegg, A. T; Allen D.O; Field K., Thurlow, T.W. (23)
= Kempkes, gG, Pohl, C. (2006)

= Garcia-Aaracil, A., Palomares-Montero, D. (2008)

Data

Regarding selective file of examined universitig® evaluated articles can be divided
into two groups. In the first group, there arecies examining efficiency of universities
just in one year (Canada, Australia), the secondmdeals with a longer time horizon.
The standard DEA approach has a disadvantage tthannot distinguish between
changes in relative efficiency brought about by eroents towards or away from the
efficiency frontier in a given year and shifts hist frontier over time. To capture these
two sources of change in efficiency, all the thaaéicles from the second group
computed Malmquist indices.

The use of Malmquist indices cannot solve the nathagy mistake of articles of the
second group either. All of them are actually irdwh with the condition that it is
possible to compare efficiency between varioussuiit different time periods only
provided that there are comparable conditions. Btitish article even confesses that
“the period 1980/81 to 1992/93 was chosen becauseas characterized by major
changes in public funding and in student: staffbsat... “real funding was, in fact, cut
by 8.7% between 1980/81 and 1984/85, what is mihie,cuts were applied highly
selectively” (Flegg et al., 2003). The Britishiclg regrettably does not explain the
background of the cuts. What if the government#d evere caused by bigger support of
research activities at the expense of educatiod?ubiversities adapt to the new way of
financing? Did they change their strategy in orttefulfil objectives of public policy
more efficiently? If such changes really happenedauld be necessary to change the
monitored indicators as well. The correct methodwial approach should be based on
separation of selective indicators according thengle of governmental policy.

The Spanish article informs about a change in nurabstudents: at first, the number
rose in the monitored period, and descended asut ref demographic trends from

1998 (Garcia-Aracil, Palomares-Montero, 2008)sIhot possible to draw conclusions
regarding the influence on examined file and efficy evaluation without additional

information about impact of demographic changesioinersities (number of students
admitted) and the way of financing (student ratio).

The German study does not mention any changesenetlvironment in the years
monitored, with exception of different GDP valuesWestern and Eastern Germany,
but at least provides some information about distion of the file of monitored units.
“Due to differing faculty compositions, the univiess in our sample are quite
heterogeneous... Specifically, universities with eegring and medical faculties seem
to have a differential and personnel structure thaiversities without these two
faculties... On average, a single university spermtsi66,700 euro per year and per
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graduate in the considered time period 1998-200BeWrestricting the sample to
universities that have engineering and a medicpadment, we find expenditures of
92,200 euro per graduate. Accordingly, higher etioieanstitutions without such cost-

intensive faculties clearly spend the least morexygpaduate (17,800 euro)” (Kempkes,
Pohl, 2006).

The German study is the only one which informs alibe way how the selective file
was determined: “private universities in Germang highly specialized, i.e. oriented
towards business management and/or medical stugdigbat their inclusion represents
a possible source of bias. For the same reason ls® drop other specialized
universities such as universities of fine arts angsic. Universities of applied science
are also excluded from our investigation sincedta@® more oriented towards teaching
instead of research. In particular, universitiesapplied science are in general not
enabled to train doctoral students so that theisicteration would have created a more
heterogeneous sample” (Kempkes, Pohl, 2006). TheiSip study mentions elimination
of 5 institutions from the file, “because of lack d@ata for some of the years in the
period under study and due to their different dtmes” (Garcia-Aracil, Palomares-
Montero, 2008).

The Canadian study admits different characteristafs particular universities.
“Differences among universities arise from the preg or absence of medical schools,
large versus small graduate programs relative wergraduate programs, and more
versus less emphasis on research” (McMillan, D4888). The question whether or not
it would be better to evaluate the efficiency facck individual group the study is
answered negatively, and though the scores arearaile among categories, it is often
convenient to discuss the results for the sepaadtgories.

Regrettably, no single study contains any infororatconcerning objectives of the
particular universities. Therefore, we do not knomhether the condition of
homogeneity of examined institutions has been met.

Table 1: Basic information about research carried at

Country (year) / Authors Sampling set Years Data pocessing
Canada (1998)
. 45 1992/3
McMillan, Datta
Australia (2003)
. 36 1995
Abbott, Doucauliagos
UK (2003) -
) 45 1980/81 — 1992/93 Malmquist indeces
Flegg, Allen, Field, Thurlow
Germany (2006) L
72 1998 - 2003 Malmgquist indeces
Kempkes, Pohl
Spain (2008) o
B . 43 1994/95 — 2004/5 Malmaquist indeces
Garcia-Aracil, Palomares-Montero
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Indicators

Although there is no research study analysed héhainwould contain any information
about objectives of the particular universities odlthem at least contained a discussion
regarding setting of the particular indicators. stiidies work on the presumption that
teaching and research is the main objective of amities. The Australian study
furthermore adds community services, the Canadpeaks just about services, the
Spanish adds, using quotation, outreach activitind,the British consultancy and other
educational services. Yet all the studies furtherkwjust with indicators related to
teaching and research, which can be consideredcasrect approach because the so-
called other activities are in fact just an intediase.

Table 2: Comparison of inputs and outputs

Country (year) /
Authors

Inputs

Outputs

Canada (1998)
McMillan, Datta

- total number of full-time faculty in

the three professorial ranks

- total expenditure less faculty

salaries and benefits

- total operating expenditure and

sponsored research expenditure

- total undergraduate student enrolment
- graduate enrolment in master’s level

programs

- graduate enrolment in doctoral stream

programs

- total sponsored research expenditures
- number of active grants as a percentage

eligible faculty

of

Australia (2003)
Abbott, Doucauliagos

- total number of academic staff
- number of non-academic staff
- expenditure on all other inputs tha

labour

- value of non-current assets

- number of equivalent full-time students
- number of post-graduate and under-

graduate degrees enrolled

- number of post-graduate degrees

conferred

- number of under-graduate degrees

conferred

- Research Quantum Allocation

UK (2003)

Flegg, Allen, Field,
Thurlow

- number of staff

- number of undergraduate student:
- number of postgraduate students
- aggregate departmental expendity

- income from research and consultancy

5 .

re

number of undergraduate degrees
awarded, adjusted for quality

number of postgraduate degrees award

ed

Germany (2006)
Kempkes, Pohl

- number of technical personnel
- number of research personnel
- financial means

- total costs - research grants

- number of graduates
- amount of research grants

Spain (2008)
Garcia-Aracil,
Palomares-Montero

- expenses
- number of academic staff
- number of non-acad. staff

- number of graduates
- number of publications
- applied research

As for the indicators, with exception of the Caradstudy, all other studies included in
the ‘outputs’ the numbers of undergraduate or pedigate students. Author of the
article considers the numbers of undergraduateostgpaduate students as the ‘results’
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(as was explained in the methodological part). desithat, the Canadian study
probably dealt in the best way with the outputsrésearch when using indicators "total
sponsored research expenditures” and "number ofeagrants as a percentage of
eligible faculty." The other studies use less dpemdicators for research.

For outputs, most of the studies use standardatalis in the form of costs, and these
either in more detailed classification, or in to@mhd numbers of employees, here again
at least classified as academic and non-acadenptogees. With the exception of the
Canadian and the Australian study, all other studigvays use the above-mentioned
inputs altogether, which is an incorrect procechgeause inputs will surely be included
into the total costs as well salary of academic aod-academic employees, thereby
they will be de facto counted twice.

Interesting, yet methodologically incorrect apptoés mentioned in the British study
which uses numbers of undergraduate or postgradiiatients as inputs. However,
these are target groups, not inputs. The Britisdystegrettably does not explain why
this unusual approach was chosen.

Data modelling

The differences between the studies are in theofgyocessing. The German study, for
example, uses two models - one contains all uniess the second excludes
universities with engineering and medical facultifis classification influences
results, too. “Several of the interaction termsfatulty dummies with output/wage
variables are significant, indicating that univées with medical and/or engineering
faculties not only have different cost levels bisoadifferent marginal cost structures.
For instance, research grants only substitute fatesmoney in universities with
engineering faculties whereas this effect is nagmificant in universities without
medical and engineering faculty. In universitieshwinedical faculties, research grants
even crowd in additional state funds. Not contngjlifor the faculty composition of
universities significantly biases the estimatiorsutess and thus the predictions for
university level efficiency scores... For instange,the model without controls for
faculty composition, research grants have a highgpificant and highly positive effect
on total costs less research grants. However, aftetrolling for faculty structure, this
effect decreases significantly in size and tursggimficant. Moreover, a negative effect
of the number of graduates on total costs disagpa#ter controlling for faculty
structure” (Kempkes, Pohl, 2006).

Australian study which monitors separately the itesof the use of medical and non-
medical research income (as two separate reseatpbtaneasures) used a very similar
methodology to that taken advantage of in the Garstady. Interestingly enough, all

other combinations of outputs and inputs led talteghat were similar to the basic data
set (Abbott, Doucauliagos, 2003).

The Spanish study, too, worked with models butfemint approach was chosen. To
evaluate Spanish public universities, first, welgra a “general model” taking total
expenses, number of academic and non-academic aafihputs, and graduates,
publications and applied research as outputs. Tiharder to understand the sources of
productivity changes, three additional specificagioof university productivity are
examined. The first focuses on “teaching-only” pretivity, the second on “research-
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only” productivity, and the third on “industry-orilproductivity. Variable definitions in
both instances are identical to the “general mqodwlt the “teaching-only” specification
does not include the output publications and agpliesearch, the “research-only”
specification excludes the output graduates andieappesearch, and the “industry-
only” specification does not include graduates gmblications” (Garcia-Aracil,
Palomares-Montero, 2008). The results for the paler models differ. So while the
general model showed an annual mean increase ah faxdtor productivity of 4.6
percent for the period 1994 to 2004 across theeausity sector, the teaching model
caught 3.8, research model 9.5 and industry madgllo8 percent.

The Canadian study used in total six models:

= Model 1 is the basic model. It has five variablgstal undergraduate students, total
student enrolment in graduate programs, total spedsresearch expenditures for
outputs and number of academic staff and total mdipgre less faulty salaries as
inputs.

= In Model 2, the graduate student variable is digidtto master’s level and PhD
level students.

= In Model 3, faculty are divided into two groups.

= Model 4 provides the results of including a patadigbdivision of students taking
science programs and those taking other programs.

= Model 5 represents efforts to introduce qualityre$earch and of presumably
(primarily) graduate education into the analysikisTis done by adding variables
reflecting the faculty’s success at obtaining cdumsearch grants

= Model 6 demonstrates the effect of deleting indicdtotal sponsored research
expenditures”. Otherwise the specification is thmes as for Model 5.

The authors mostly tend to the variants 3, 4, andril the results bear this out.
Distinguishing between master’s and doctoral gréglstudents, distinguishing between
the arts and sciences, and possibly recognizingt gteccess as an indicator of research
quality is important in determining relative efficicy (McMillan, Datta, 1998). The
Canadian study is probably the most interestintipénway how the authors examine the
informative ability of the particular models.

In the British study sensibility analysis has beesrried out but no interesting
conclusions were brought.

Conclusions and statements

The British study focused not only on evaluationpadductivity of universities in the

particular years, but on search for structure d@itiehcy as well. “As a first step, a
technical efficiency score was computed for eacivarsity for each academic year.
These scores were then aggregated by calculatengvélighted geometric mean. The
Malmquist analysis revealed a rise of 51.5% inlttaator productivity over the study

period. What is interesting about this growth itatdactor productivity is that it was

brought about predominantly by a marked outwarét ghithe efficiency frontier rather

than by enhanced technical efficiency whereas igot¢chnology improved by 39.1%,
TE rose by only 8.8%" (Flegg et al., 2003).
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The least concrete results were published in th&tralian study. “Taken as a group, the
Australian universities are performing very welbatgt each other. The results are not
substantially different between the four, three amd input models. Overall, the level
of technical efficiency in the Australian univeysglystem appears to be high. However,
it cannot be concluded that there is no scopenfiproavement in efficiency. The results
indicate homogeneity in performance across theausity system. They do not rule out
the possibility that the entire system may be umaeforming. Nor can it be concluded
that the Australian university system is efficiewhen compared to institutions
overseas” (Abbott, Doucauliagos, 2003).

Results are similarly assessed by the Spanish stiithg results indicate that annual
productivity growth was largely attributable to heological progress rather than
efficiency improvements. Gains in scale efficierappear to have played only a minor
role in productivity gains. The fact that techniedficiency contributes little suggests
that most universities are operating near the fxesttice frontier.

The separate analyses of teaching-only, researghaomd industry-only productivity

suggest that most productivity growth was assodiatéh improvements in research
rather than teaching and knowledge transfer. Im,tuhe increase in teaching
productivity is mainly sourced from technologicalains and little efficiency

improvement, whereas the research gains are mastlgciated with the removal of
inefficiency rather than technological improveméni&arcia-Aracil, Palomares-
Montero, 2008).

Although the Canadian study admitted that theredéferent categories of universities,

its results for particular categories do not diffend similar deviations were measured
in all the categories. “A subset of universitieigcluding universities from each of the

three categories (comprehensive with medical s¢hmwhprehensive without medical

school, and primarily undergraduate) - are reguléound efficient and a subset quite
inefficient but, overall, the efficiency scores aedatively high. The average university
is about 94 percent efficient but there is a pdlisitihat, due to the modest number of
observations, efficiency scores are upwardly biagddMillan, Datta, 1998).

And finally, the German study assesses a diffestate of universities in western and
eastern federal republics. “With respect to Germaiversities, our estimation results
indicate that total factor productivity has beear@asing more rapidly in East German
universities compared to their West German couatsp Due to the upcoming
demographic changes —the number of high-schoolugted in East Germany is
expected to decrease by about 40% within the nBxyehrs the universities in East
Germany must continue their good dynamic efficiepeyformance. On a university
level, West German universities appear at the top & our efficiency rankings”
(Kempkes, Pohl, 2006).

Discussion

The Data Envelopment Analysis is an interesting hoet used for evaluation of
technical efficiency of production units. DEA ispale of using more parameters of
input and output to evaluate which of units examirethe most effective (or rather,
which unit is able to transform given inputs infeen outputs in the most efficient way)
and to compare other units with it. To do so, a bgemous group of units is needed,
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and it is necessary to follow the rules for evahrabf efficiency — either to compare
the measured values between the units for the saihén different points in time, or it
is possible to apply both time and unit perspectigspecting condition of ceteris
paribus.

Surprisingly, the given conditions were met mostatifin the oldest studies - the
Canadian and Australian; all other studies evaltizgedata at the same time for more
years and under changing conditions. In additionhtt, the Canadian study admits
heterogeneity of the file, yet no special meastoeslimination are taken. Although the
German study monitors data of universities with io&ld and technical faculty
separately, no attempt to find any other indicatorghese subjects has regrettably been
done.

The Australian and Canadian studies dealt well Withinput indicators; moreover, the
Canadian study (as the only one) did not mistalkeadhtputs for results (number of
graduates). The worst solution was chosen in tlitssBistudy which considers students
as an input. The Canadian study is interestingit®rapproach to input and output
modelling, too. On the other hand, the British gthésides other significant mistakes
interprets results in the worst way, too. Using #malogy from the first part of the
article, what is worthwhile of knowing informatighat the performance of the engine
of all types of vehicles increased by 10 % in @ ten years? This information can be
for sure learnt by searching established innovaitiothe car industry, and there is no
need to do any extensive research and make exaotalgses.

In cases of all studies, a treatise on roles ofamities is absent; there is no comparison
of their objectives. It is hard to believe thatuiversities have the same or very similar
objectives. Some of them target more on prepariar tstudents for fulfilment on
labour market, others prefer basic research andgstdprricula accordingly, whereas
technical universities cooperate with industry le ffield of innovations. The way of
processing by models distinguishing orientation usfiversities and the results of
German and Spanish study confirm the assumptionthAsprevious part has shown,
rather than focusing on the point and reason ofsomeanents, all studies under
examination herein focused on the way of calcutatithe articles contain a discussion
concerning choice of appropriate indicators butndb deal with the basic logic of its
construction at all.

What is actually the use of discovered findings?sTih a separate question. When
returning back to our analogy, technical efficiensgd by Data Envelopment Analysis
measures performance of engine in relation to & dné consumed. It can be an
interesting benchmark for two vehicles of the saype but using performance of
engine, it is hardly possible to compare a car @adtor. As has been mentioned
already, setting the indicators for a car or tradtoeasy because we know for what
purpose we want use the vehicle. Neverthelesssithation is more complicated in the
case of public services. We have already mentighedl the purpose of non-profit

organisations or public expenditure programmes sgally unknown because the
objectives are not formulated at all, or are irterally formulated vaguely. Why is this

so? Each organisation is result of a social coosteveated by various parties and
interactions between particular stakeholders. EstaReholder can then perceive the
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objectives of a public programme or a specific argation, and then efficiency, too, in
a different way.

Balser and McClusky (2005, p.296) correctly poinit cdhe fact that particular
stakeholders evaluate efficiency of behaviours epacific organisation according to
fulfilment of their expectations — objectives. Gally, the stakeholder theory emerged
as a response to principal-agent problem of profiking firms. Although the
stakeholder theory perceives stakeholders as ltrdg,become only one group among
various lords that is company stakeholders (Abzod @Webb, 1999, p.419). Simple
relation of shareholders and managers was thuditsiieg by multilayered relations of
an organisation and its stakeholders. In the césmigersities, it is possible to divide
the stakeholders into internal — academic and mawlemic employees, who have the
most direct claims of organisational resources, exigrnal ones — students, parents,
graduates, government, unions, local communitielsthe public in general. This group
does neither own the organisation, nor work famnid yet they have an interest in it.

It is more than logical that each group of stakdad will force management of the
university to accomplish just their objectives. S¢einberg (2006, p. 133) refers,
objectives in one organisation are often multipid apposed without considering what
weight one objective has against the other. Thesatbes are often formulated
intentionally vaguely because too specific objextican lead to alienation of a specific
group of stakeholders, or to conflicts betweenousistakeholders. These thoughts add
complexity into the models of nonprofits organisati, which is generally unavailable
in models of for profit companies, where the dexisi are considered in order to
maximise profit (Brown and Sliwinski, 2006, p.141).

On one hand, the stakeholder perspective makesctimplicated situation for
measurement of public services efficiency even nmanmplex. On the other hand, it
makes it possible to understand what is possibiméasure, and evaluate and what is
not. Therefore, it makes sense to evaluate effigiérom a subjective viewpoint as well.

For example, from the viewpoint of an organisaiiois possible to investigate to what

extent particular subjects are able to achieve titgectives. But such a comparison has
a meaning just in discovering how organisationahdweours in case of particular

subjects work, i.e. how organisational objectives aet, how precisely are they
formulated, how are they evaluated and what corememps are drawn from the

evaluation.

It will be surely interesting for donors, clientgovernmental agencies but for general
public as well to compare how particular economibjscts contribute to achieving of
objectives chosen by particular stakeholders. Coispa of efficiency will make it
possible to establish objective function of a thgarty (arbiter judge) which would
monitor efficiency in the strict sense, i.e. whaitthe ratio of chosen outputs against
inputs in a particular organisation. This shouldéh&een the approach of the studies
examined: first to set objective function and thesing interventional logic, to search
for appropriate indicators. Certainly, some studiesild not have made the mistake of
confusing the outputs and inputs.

In the similar way, the efficiency of universitiesmd other public service providers
should be evaluated by the government. If a goventrintends to evaluate efficiency
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of invested means, then at the first there havédospecified the objectives to be
achieved. It is certainly not appropriate to useéalranvelopment Analysis to evaluate
efficiency of the very public expenditure progransmEor this purpose, it is much more
appropriate to use for example cost-benefit anslysis possible to evaluate technical
efficiency in case of public expenditure programmie®, but it always will be just
evaluation of procedure, or how efficiently wereuits transformed into outputs.

But Data Envelopment Analysis can tell the govemimevhich organisations
contributed to achievement of objectives of puletipenditure programme in best and
worst way, the only correct procedure then beinglwation of efficiency based on
granted subsidies as the input, and evaluating utputs of a public expenditure
programme. Further investigation should be themidged on searching for causes of the
state. Do universities accommodate their strategyhé objectives of governmental
programmes? Do they use the same technologiesAdycetaluate their organisational
behaviours on regular basis? Do they motivate theiployees towards achieving the
objectives? This information is useful for furthemprovement of public expenditure
programmes setting and therefore, it is in ther@de of government to examine
organisational efficiency of subjects, especialhew providing public services financed
from governmental resources.

Conclusion

Social (Programme, Organizational) Effectivenesaligys related to some objectives
and differs from the technical efficiency by foaugion purpose. In the case of Social
Effectiveness, it is always a subjective quantitytwo different economic units have
their unique objectives, then in the case of twstidct subjects, two identical
approaches can have totally different impact oreabjes. That clearly follows that
from an objective viewpoint, it is impossible tongpare if a one economic subject is
more or less efficient than the other. For eacfeailve function of the economic
subject there is a unique mix of outputs. The t&subjective”, besides that, means that
each stakeholder can perceive organisational obgscin a different way, and therefore
perceive the efficiency in a different way. Thistfaxplains how to approach evaluation
of efficiency: although the Social Effectivenessisubjective quantity, it is possible to
measure it and evaluate it from the viewpoint ahiad party. But it is necessary to
create an objective function that intends to s¢tcailves of a given stakeholder and his
preferred results and outputs.

From the conclusion it is possible to deduce thgeeeral recommendations. For
universities as non-profit organisations, it metnwork with all stakeholder groups on
daily basis. This is in the concrete extreme diffibecause specific persons can play
many roles (academic employee, parent, and taxpayet these can change in time.
But for evaluation of success rate of universitids necessary that these organisations
specified their objectives (if possible as SMARTesific, measurable, accurate,
realistic and time-bounded). It is the necessamuain the objectives to the particular
stakeholders to let them adopt the objectives eissth

There is a similar task for public administratiéog. If public administration should be
transparent towards citizens - taxpayers, it hagpublish objectives of all public
expenditure programmes and evaluate these on redalsis. Otherwise it is not
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possible to find out if public means were usedceédfitly. Using DEA method for
processing of efficiency makes it possible to agearnhe supported units in order
according to the rate of its contribution to achigwvof the objectives.

The last recommendation is to carry out the Dateelpment Analysis cautiously. It is
always necessary to pay attention to fulfilmentbfits conditions when defining the
task. Only then it is reasonable to carry out thelysis and its use can have an
informative value.
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