Regional and Sectoral Economics Studies Vol. 12-3 (2012)

WHAT ARE WE MEASURING WHEN EVALUATING
UNIVERSITIES’ EFFICIENCY?

BERBEGAL MIRABENT, Jasmina”

SOLE PARELLADA, Francesc

Abstract

Globalisation and the knowledge-based society have driven universities to an intense
competition for the best professors, researchers and students. Yet, rankings and reports
measuring how universities perform are available in abundance. Among these assessment
tools it is worth highlighting those based on Data Envelopment Analysis (DEA), which
since the 1980s have risen considerably. However, there is a lack of consensus when
selecting the indicators that best represent the inputs and outputs of such institutions.
Aiming to clarify how these proxies are chosen, this paper does an exhaustive review of
the indicators used in DEA empirical studies in the last decade, classifying them
according to their nature and use.
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1. Introduction

Historically, universities were considered institutions for disseminating knowledge
and where scientists developed new theories. It was not until recently that they became
positive vehicles for economic progress (Shattock, 2009). The contemporary university is
an amalgam of teaching, research, entrepreneurial and scholastic interests capable of
providing qualified graduates and researchers but also offering innovative solutions
through knowledge transfer and valorisation mechanisms that enhance links with the
business sector.

So exceptional has been this transformation that Higher Education Institutions (HEIS)
have been identified as natural driving agents for regional development. On the one hand,
policy makers are increasingly establishing regional policies on knowledge transfer
activities, aiming to satisfy industry’s demands for technological and scientific advances
through the exploitation of the knowledge stock available at HEIs. On the other hand,
academics are focusing their interests on new theories and models such as the “Mode 2”
(Gibbons, Limoges, Nowotny, Schwartzman, Scott & Trow, 1994), the “Triple Helix”
model (Etzkowitz & Leydesdorff, 1997), or the theory on the “engaged university”
(Chatterton & Goddard, 2000; Holland 2001) or illustrating how HEIs can cooperate with
the innovation ecosystem they belong to.

At a European level, the Lisbon Strategy for Growth and Jobs as well as the
Modernisation agenda for Universities go in this direction, aiming to make Europe the
most competitive and dynamic knowledge-based economy in the world, supporting what
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is stated by the EU 2020 Strategy (European Parliament, 2000) that in a fast-changing
world what makes the difference is education and research, innovation and creativity.

As literature about HEIs” commitment with society has grown significantly in the two
last decades, a parallel movement asking for “quality” and “excellence” has impacted
their management. Therefore, as society demands more from HEIs (Hazelkorn, 2005),
their agendas have moved towards redefinition processes, looking for new formulas in an
attempt to engage more efficiently within their missions (teaching, research and
knowledge transfer), allocate resources and their returns, and improve their image by
becoming more attractive for professors, researchers and students (Van Vught, 2009).

But perhaps the reason why the management of HEIs has become such a meaningful
topic among academics and policy makers is due to the never-ending expansion of the
media and the rise of the evaluative state. Yet, funding agencies want to be assured that
funding is being spent in areas that are consistent with national efficiency and equity
priorities, therefore, quality outcomes are important (Garlick & Langworthy, 2008).
Consequently, league tables (using the British nomenclature) or rankings (in an American
terminology), parametric and non-parametric approaches, composite indexes and other
econometric emerged, satisfying this public demand for transparency and information.

These methodologies measure teaching, research, and third stream activities by using a
wide range of indicators in pursuit of an order in which universities could be ranked
according to their performance. It has just been since the turn of the century that their
impact on the media and subsequent public discussions has been exceptional (Bonaccorsi
& Daraio 2005), becoming a central issue for government thinking, marketing campaigns
and universities’ development. Yet, countries from around the world have shown, in one
form or another, their interest in such procedures, developing complementary ways to
assess the performance of their HEIs that have turned into potential benchmarking tools.

As expected, studies in this direction has led to a large amount of papers dealing with
new ways and approaches to assess the performance of universities (Eccles, 2002; Coates,
2007; Salmi & Saroyan, 2007; Garcia-Aracil & Palomares-Montero, 2010; Shin,
Toutkoushian & Teichler, 2011), and far from converging into a unique formula, the
inherent controversy of such evaluative procedures assists their diversification. Questions
contributing to this debate emerge: What indicators are the best proxies for universities’
resources (inputs) and results (outputs)? Are inputs linked to a specific mission?
Moreover, is it possible to obtain robust measures to assess universities’ performance?

In accordance with the aforementioned interrogations, and given the fact that these
procedures are undoubtedly influencing the strategy of universities, there is a need to in-
depth in the study of these measurement approaches (Marginson & van der Wende,
2007).

Based on the premise that universities are expected to do an efficient use of their
resources (inputs) and maximize outputs, and given the exponential growth in the number
of studies evaluating the performance of universities through efficiency analysis, we
decided to focus our analysis on papers ranking and evaluating university’s performance
using the Data Envelopment Analysis (DEA) approach. In order to delimit the temporary
span of this study, we only selected those papers published in journals indexed in the ISI
Web of Knowledge and Scopus databases, during the first decade of the 21% century
(from 2000 to 2010).

The paper is organised as follows. In the first section we briefly summarise the
literature about DEA methodology and its applications in the higher education system. In
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the second section we explain the methodology followed for the selection and subsequent
analysis of the DEA-HEI papers reviewed. In the third section we classify the indicators
found according to their uses. Finally, in the fourth section we discuss the findings. Policy
implications are also suggested.

2. Assessing universities’ performance through Data Envelopment Analysis
2.1. An approach to DEA studies

Using an econometric approach, the efficiency of an institution is determined by how
its resources have been employed to obtain a particular set of objectives, that is, to
achieve the combination of costs, profits, sacrifices and utilities that: 1) generates major
profits from those with identical costs, 2) reduces the costs from those that produce the
same level of profits, or 3) provides the best proportion between costs and benefits
(Moreno, 1998). Choosing a methodology capable of measuring how efficient an
organisation is has always been controversial, mainly due to the lack of a good estimation
production function (Rousseau & Rousseau, 1997). First studies facing this concern can
be found in Debreu (1951) and Koopmans (1951), and some years later in Farrell’s
(1957) work where he explicitly introduced the term “efficiency” into a firm. However, it
was not until the 1970s that a huge interest around these procedures arose.

Production frontiers are traditionally estimated by non-parametric estimation
techniques. One of the most popular is Data Envelopment Analysis (DEA), developed by
Charnes, Cooper & Rhodes (1978). Based in linear programming, DEA consists of
determining the relative performance of a set of similar operating units (“decision making
units” or “DMUSs”). As it is a well-known instrument for measuring efficiency, further
technical explanations are not required here, as it is not the aim of this paper."

The DEA approach is particularly suitable for modelling organisations with multiple
inputs and/or outputs, and in the absence of market prices, which is hardly accomplished
in stochastic frontier analysis (Ray, 2004). This is especially attractive for governments
and organisations such as universities that have multiple missions and where prices are
usually unknown or exogenously determined by political administrations. DEA must be
primarily considered as a diagnostic tool. It does not prescribe any strategy to transform
inefficient units into efficient. It provides assistance and guidance for performance
improvement by facilitating the localisation of best practice performing units amongst a
group of like organisations. Hence, it can help institutions achieve their full potential once
weaknesses have been identified.

The first evidence of a DEA-HEI study can be found in the doctoral thesis of Rhodes
(1978). Since then, applications have rapidly spread all over the world. The large amount
of existing works supports its uses (Thursby & Thursby, 2002; Lee & Park, 2005). DEA-
HEI studies typically carry information about how closely universities are achieving their
objectives. Regardless of the chosen DMU, these studies are characterised by a wide
variety of variables, trying to find the best proxies for expressing the allocation of
resources (inputs) and how these are used to obtain valuable results (outputs).

DEA is suitable approach for the higher education system. However, as the precision
of the estimated parameters decreases if many factors are included, the choice of a few
but significant indicators is the key for an accurate applicability. The lack of a systematic

! For further details see: Charnes et al (1978); Cooper, Seiford & Tone (2007); Ray (2004).
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and uniform procedure for collecting data makes this task more difficult. The result is a
complex framework from which indicators have to be carefully selected to become
adequate proxies for what they are measuring, but also realistic dimensions capable of
being obtained.

2.2 Output and input measures

Universities are responsible for developing a wide range of activities getting multiple
outputs from a set of inputs. Thus, models assessing teaching, research and third stream
activities can be found in parallel with those where universities are evaluated in a
combined model, mixing inputs and outputs from different missions. Universities’
outputs must be understood as the results of teaching, research and third mission
activities. Traditionally, frequency or quantitative indicators have been used as an easy
way to account for the results achieved; however, outputs like these do not always reflect
the quality, which in many cases is what really makes the difference between an
outstanding institution and a conventional one. Difficulties in obtaining meaningful
empirical data have led researchers to use traditional measures and simply recognise that
this limitation exists. After years with this problem, there is still a lack of consensus on
how to adequately account for outputs’ quality and their costs.

In the inputs side, we find that indicators are usually well defined in terms of amounts
or expenditures, representing the availability of resources (human, financial or
equipment) from which it is possible to obtain added value results (outputs). Their
management is essential for the institutions’ performance, and it is precisely how they are
used what denotes their efficiency. Specification of universities’ inputs faces similar
problems as accounting effectively for outputs, and quality considerations might also be
obviated. Nevertheless, the fact is that here there is less controversy in their definition,
but discussions may appear when some outputs can also be considered as inputs (i.e.,
number of undergraduate students, research income or research grants), depending on the
aim of the study. As DEA is very sensible to specifications, the use of a variable as an
input or as an output may change results substantially.

Another problem arising from inputs and outputs is the opportunity cost of obtaining
the necessary data to effectively represent them, which is in many cases simply too great
to be feasible. Thus, data usually comes from government statistical agencies, which are
sometimes underscored by political forces (Salerno, 2004). To this extent, DEA-HEI
studies depend heavily on the availability and reliability of existing data, as the majority
of “willing data” is either non-existent, not publicly available or not immediately
reachable. Additionally, available data tends to be aggregated (not individualised by
institutions or areas of knowledge), country-specific (making cross-country comparisons
difficult) and hardly registering knowledge transfer activities.

3. Methodology for the DEA-HEIs’ article selection and analysis

The methodology adopted for this research consists of two phases: 1) the identification
and selection of those papers that were going to be included in the review, and 2) the data
processing and the classification of indicators used to measure HEIs’ performance.
Extensive searches in the 1SI Web of Knowledge and Scopus databases were conducted
to capture papers with a DEA-HEI focus. Only papers published between 2000 and 2010
were included, as stated in the scope of this research. Books or book chapters, papers with
full version not available or any other contribution not meeting these requirements were
also excluded. Keywords used in the searches employed thesaurus terms such as “Higher
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Education Institution(s)” or “HEI(s)” and “university(ies)”, crossed with the ones
defining the evaluative approach: “Data Envelopment Analysis” or “DEA”, “efficiency”,
“productivity”, “performance” and “ranking”.After a first round search a screening phase
was conducted to ensure the suitability of the resulting papers. Papers appearing more
than once were restricted to one entry, and those that did not deal simultaneously with
DEA and its uses in the higher education system were also eliminated.

Using these inclusive parameters, a final sample of 45 papers reporting worldwide
empirical DEA applications was obtained.Each empirical research paper was then
scrutinised to capture general information about its aim and scope. Table 1 summarises
these features, including the authors, the publication source and year, the country, the
type and number of DMUs and the academic years tested.

Table 1. Characterisation of the DMUs and geographical areas of analysis.

Country Universities .PUbI'.C. Departmentg or Frequency
universities research units
Australia 2 2
Canada 1 1
China 4 1 5
England 3 3
Germany 2 1 3
Greece 1 1 2
Helsinki 1 1
India 1 1
Italy 2 1 1 4
South Africa 1 1
Spain 1 4 5
Spain & ltaly 1 1
Sweden 1 1
Switzerland 1 1
Taiwan 2 1 3
The Netherlands 1 1
Turkey 1 1
UK 5 5
USA 1 1 2
Worldwide 2 2
TOTAL 23 9 13 45

All selected papers were also submitted to an in-depth analysis, where indicators used
to measure the efficiency of HEIs were extracted and classified according to whether they
were considered as inputs or outputs and to which mission they were linked. Once this
information was processed, indicators were then labelled into different categories,
grouping those of similar nature in the same block. This labelling process was conducted
several times to reduce the number of categories.

4. Results

In this section we first provide information about the geographical area and the DMUs
considered. Then, for each category of indicators identified, we discuss the different ways
that, according to the literature, resources (inputs) and universities’ outputs (results) can
be proxied.
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4.1. Units of analysis

Traditionally, DMUs represent individual universities from the same country/region,
academic departments and research groups from the same university or departments and
research groups from different HEIs that work in a similar area of knowledge.Table 1
summarises the choices adopted in the papers from our sample. As shown, evidence from
18 countries, one cross-country study (ltaly and Spain) and two worldwide studies are
reported. In nine of 45 cases, public HEIs are the focus of the analysis, whereas in 23 the
character of the HEI is not explicit or combines public with private universities. Also,
department units are chosen as DMUSs (in 13 occasions).
4.2 Financial measures

Measures to represent financial resources have been classified in two categories
according to whether they are reflecting funding sources or operating expenditures (Table
2). Information about the treatment received (such as an input or an output), the model
where they appear (general, teaching, research or third mission) and its frequency is also
provided.
Table 2. Financial resources (G: global, T: teaching, R: research, KT: knowledge transfer, l:input;
O:output).

ol Ladicat 1 Model o sl
\JUUBIUUF LLRL® A7 14V] i) UoT G T R KT QUTTT rowal

Tatal fundineo I 1 1 2 n
ToUtar Turidy IH O O o
ol H L + [AY I 1 1 n

Funding 1 UIIUIIIU \CI\LCIIIG.I} o 1 1 -

sources oy o, | 3 1 4 10
\JPU IOUTTU AU TTOTArvIt UIGIILO O 7 2 9 Lo
n £ e £ | 1 1 a
M\TVTTIUTS 1TTUTTT tUTtiviT ariu 1€t o o 1 1 L
Aoarating aaat | 9 4 13 14
\JPCIO.LIIIU CUOLO O O Lo
Operating costs, other than | 5 1 6 ~
labour 0 0 "
Qi+ f£f oS H TS I 0 il
UArt CI\PCIIUILUIC O 4 1 5 J
nomn PR I 1 3 1 5 -

Operating N\ CI\PCIIUILUICD O 0 J

expenditures |Teaching and research I 1 1 2
expenditures 0 1 1 i
Central administration and I 2 2 ”
services expenditure 0 0 “
Central administration and | 1 1 .
services expenditure, other than| O 0 -
Expenditure on libraries and I 2 2 ”
computer facilities 0 0 “

39 | 10 5 1 55

Funding sources include possible sources of fundraising for the day-to-day operation
of HEIls. Here, funding for specific research uses is a commonly used proxy. When
employed as an input, denotes the capability of HEIs to transform external funding into
valuable outputs, and when used as an output explains the ability of HEIs to capture
external funding, reflecting how universities are perceived by stakeholders (Fandel,
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2007). Ratios of research funding per academic staff are also employed to avoid scale size
effects (Glass, McCallion, McKillop, Rasaratnama & Stringer, 2006). Problems arise
when considering the amount of external research funding, as it is difficult to express the
guality of such funds. In this sense, specifications of the origin of funds (i.e., internal,
governmental or third parties) are usually introduced as control proxies for quality (Ng &
Li, 2000; Abbott & Doucouliagos, 2003). Other indicators that can be included in this
category are sponsored and research grants (McMillan & Chan 2006; Abramo, d’ Angelo
& Pugini, 2008), and revenues from tuition and fees (Kongar, Pallis & Sobh, 2010).

On the other hand, operating expenditures refer to the costs of maintaining HEIs’
activity (Garcia-Aracil & Palomares-Montero, 2008). These operating costs, mainly used
as inputs, are quite often disaggregated leaving aside staff expenditures (Katharaki &
Katharakis, 2010) or central administration costs (Casu & Thanassoulis, 2006). Variables
computing the differences between staff and non-staff expenditures can also be found
(Warning, 2004), as well as those only considering R&D expenditures (Korhonen, Tainio
& Wallenius 2001) or both teaching and research ones (Taylor & Harris, 2004). Finally,
library and computer facilities are also used in an attempt to express the economic
resources spent on the improvement of students and staff facilities (Johnes, 2006).

4.3. Human capital
Table 3 depicts how human capital resources have been characterised when it comes
to assess HEIs’ efficiency.

Table 3. Human resources.

. Model
lndicators Use Sum Total
T R KT

Faculty staff (academic + non- | 2 1 1 4 .,
academic) 0 0

Academic ctaff | 7 5 12 12
0] 0

Academic staff classified (by I 10 2 5 17 15

category or time dedication) 0 0 =

Nan-acadamie ctaff I 9 3 1 13 1’)
o] 0

Acadamicce with DhD I 1 1 2 2
0] 0

Academice withaut DhD I 1 1 2 2
0] 0

\Iiciting cohnlare I O 1
0] 1 1
| 1 1

Grant workers 2
0] 1 1
| 0

Camala rata ’I_
0] 1 1
31 13 10 0 54
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Labour force is the core of any organisation. In the case of universities, it is traditionally
measured by full-time equivalent or total number of faculty staff (Avkiran, 2001; Halkos,
Tzermes & Kourtzidis, 2010), or by differentiating between those who are academics and
those who have a more service-oriented and administrative profile (non-academic staff)
(Abbott & Doucouliagos, 2003). Additionally, staff can be categorised according to its
commitment and range within the university: academics with or without a PhD (Martin,
2006), visiting scholars (Chang, Wu, Ching & Tang, 2009), grant workers (Caballero,
Caballero, Galache, Gémez, Molina & Torrico, 2004) and full-time or part-time
(Archibald & Feldman, 2008). A female staff ratio has also been identified (Kongar et al.,
2010), indicating the importance of gender studies also in this field of research.

4.4. Infrastructures

Another important aspect that has to be taken into account relates to those spaces and
infrastructures that support universities’ activities (Table 4). These include total area (in
squared meters) (Qingyun, Ya, & Kegiang, 2010), value of teaching equipment (Nan-bin
& Jing, 2009), number of books in libraries (Duh & Kuo, 2006) or seats in teaching
rooms, libraries and laboratories (Agasisti & Dal-Bianco, 2009). Measures of this kind
are also used in studies analysing which services are better supporting teaching and
research activities (Del-Palacio, Solé & Berbegal, 2011).

Table 4. Infrastructures.

Indicators Use Model Sum—|Fotal
G T R KT

Araa (caom matarc) I 2 1 1 1 5 [
A 7 0 0

L Books-inlibraries I 1 1 2 2
O 0

Seats in teaching rooms, libraries and I 1 1 1
laboratories 0 0

\/aliie nf taar\hing aqllipmnnf I 1 1 1
0 0
4 3 1 1 9

4.5. Teaching measures

The definition of teaching measures has commonly reached lower agreement than
research ones. Here, technical problems associated with outputs are identified, employing
quantitative meaningfulness measures reflecting qualitative students’ rates (perhaps more
easy to quantify but less related to assessing teaching activities) instead of measuring
teaching efficiency. The lack of relevant data and the unquantifiable aspects of teaching
performance sometimes result in unfair evaluations. Table 5 presents the indicators
referring to this teaching dimension, differentiating three categories: enrolments,
students’ success and teaching offer and activity.Education enrolments are usually
proxied by physical headcounts of total number or full-time equivalent enrolments
(Abbott & Doucouliagos, 2003; Taylor & Harris, 2004). Sometimes these enrolments are
considered separately by degree level (undergraduate, postgraduate and PhD) or per area
of knowledge (Johnes, Johnes, Thanassoulis, Lenton & Emrouznejad, 2005;
Thanassoulis, Kortelainen, Johnes & Johnes, 2009), although they are usually computed
altogether. Students’ scores before entering HEISs is also an employed indicator (Celik &
Ecer, 2009); however, far from representing the teaching quality it measures the
excellence of the incoming students.
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Table 5. Teaching measures.

Wat are we measuring when evaluating universities’ efficiency?

Subgroup hadicators Use Sthm——TFotal
G T R | KT
Total-students-enroted ' l 3 10 | 45
0] 4 1 5
Undergraduate students I 2 2 2
enrolled 0 4 1 5 '
| Enrolments Postgraduate students I 2 2 7
enrolled 0 4 1 5
PhD-students-anrobed ' 1 1 3
0] 2 2
Entering-scores ' 1 3 4 4
0] 0
Total-degrees-awarded ' 0 11
0 8 3 11
Undergraduate degrees I 0 c
awarded 0 4 1 5 -
Post-graduate degrees | 0 4
awarded ¢} 3 1 4 '
PhD Completions{(Thesis) ' 0 8
0 3 3 2 8
Adult learning degrees I 0 1
Students” awarded 0 1 1 -
SUCEess Graduationrate ' 0 2
0 1 1 2
Studentsprogressrate I 1 1 2 4
0 1 1 2
Attrition rate | 1 1 1
Adttritionrat 5 5 1
Students’ retentionrate | 1 1 2
0 1 1
Employment rate of | 1 1 2
graduates 0 2 2 -
Teaching-load | 2 2 9
0 2 4 1 7
Average-size-group ' 0 1
Tnnr‘hing @) 1 1
offerand Teaching-guakity I 0 2
activity (©) 1 1 2
Y International degrees I 0 .
offered 0 1 1 -
Membership in teaching | 0 1
committees 0 1 1 -
57 | 30 4 0 91

Students’ success may almost exclusively refer to teaching outputs. In this category
indicators reflect the ambiguity of this concept, where data usually does not reflect
teaching efficiency but students’ capacities. Measures of the learning process suffer from
a similar problem. Indicators such as number of degrees awarded (per levels or globally)
and PhD completions are widely used (Emrouznejad & Thanassoulis, 2005) but do not
satisfactorily capture the essence of teaching activity (i.e., differences in the time-lengths
of students to obtain the diplomas are not computed). Measures like students’ progress

39




Regional and Sectoral Economics Studies Vol. 12-3 (2012)

rates (Avkiran, 2001) or the attrition rate (Kongar et al., 2010) can be used to better target
this problem. Employment rate of graduates is a remarkable indicator (T6th, 2008), being
very significant for an HEI to have students rapidly employed. However, the difficulty in
obtaining such data has led researchers to neglect it. Finally, teaching offer and activity
category includes those measures related to teaching tasks. Credit hours or teaching load
(Kao & Hung, 2008) are used to indicate the time academics expend on teaching tasks
(limiting them from developing research activities). Average size group is considered
from the students’ perspective (Caballero et al., 2004). Students are supposed to have a
more personalised training process if class groups are reduced, recording more useful
interactions among students and with teachers. Indicators such as international degrees
offered (Chang et al., 2009) or membership of academic staff in teaching committees
(Kongar et al., 2010) have also been included here. Nevertheless, as noted above, quality
limitations persist when using the aforementioned dimensions. “Teaching quality”
variables try to fulfil this gap, including qualitative evidences of teachers’ performance
and students’ progress (Giménez & Martinez, 2006).

4.6 Research measures

The relationship between research metrics and research quality is a never-ending source
of debate. The most used and robust indicators tend to use bibliometric data (Sarrico,
Rosa, Teixeira & Cardoso, 2010), relatively easy to be obtained and measuring
parameters such as the number of papers published in scientific journals (usually those
indexed in the Science Citation Index, the Social Science Citation Index or similar). In
this case, publication counts (Kao & Hung, 2008) reflect quality aspects as papers have
been submitted to double-blind peer reviews and the journals where they have been
published are well considered among academics. Conference proceedings (Coccia, 2008),
books and book chapters (Daghbashyan, 2009) are other viable outputs, although they
denote less quality than the former but are more affordable to non-academics (Table 6).

Table 6. Research measures.

Model
ladicaters Hse StHA Fotal
G T R KT
o | 1 1 1 3
Publications 18
0] 8 7 15
| dh | h I l 1 2
1
- Books-and-book=chapters 3
0] 1 1 2
| 0
Conferencepapers-and-proceedings 3
0] 1 2 3
| 0
Aaakds 1
0] 1 1
| 0
lnternational-collaborations 1
0] 1 1
| 0
Ilndoav nf cpiontifiec arialitvy 10
lndex-of-scientific-quality 1
0] 6 2 10
18 3 14 1 36
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Reviewed papers also employ a “scientific quality index” that includes weighted
measures of different research results (both quantitative and qualitative) using a priori
value judgments of the relevance of each research outcome (Daghbashyan, 2009). While
some academics suggest that aggregate dimensions of this kind might be obviated for
introducing biases (weightings are subjective), others argue that only a qualitative
indicator like this can really reflect research quality. Other less frequent indicators
identified are the number of awards received by academic staff (Ng & Li, 2000) and the
number of international collaborations in research projects (capturing the
internationalisation level of the research groups) (Chang et al., 2009).

4.7. Knowledge transfer activities

Evaluation of third mission or knowledge transfer activities has become a core issue for
the management of universities but also for regional and national governments. Although
our sample reveals that few studies are specifically addressing this mission, it is possible
to find some indicators clearly referring to this dimension. In fact this is a relatively
recent concept, and just a few years ago universities were not considering it seriously.
Notwithstanding, the real problem in measuring it lies in the lack of a formal definition of
what is meant by “contribution to regional development” or “third mission”, so proxies
able to measure it are even more difficult to formalise.

Table 7. Knowledge transfer measures.

Subgroup lndicators Use Model Sum——Total
G T R | KT
. | 2 1 3
Total incame [~
0] 2 2
. | 1 1
R&D income 8
0] 5 1 1 7
Rosearchand Income frorg othder I 0 5
services rendere
technology - 2 2
transfer incomes | Research and technology I 0 n
contracts and projects 1) 1 2 3
R 2. N achiavamante I 0 1
0] 1 1
. . | 0
| Lcencog tNncomes 1
0] 1
Patents and intellectual | 1 5
ropert -
Dradiictinn p p y o 1 1
Lnvantinn dicelaclirac I 1 1 1
0] 0
13 2 5 3 23

Table 7 shows how dimensions regarding the third mission have been categorised.
According to Montesinos, Carot, Martinez & Mora (2008), the development of the third
mission entails an innovative dimension, comprising those services, products or processes
that research groups transfer to society. Here, indicators are represented by the number of
invention disclosures (Ken, Huang, Wu & Shiu, 2009), and the number of patents issued
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or other forms of intellectual property protection (Zhu, Zeng & Ren, 2010).The
exploitation of these research results tends to generate revenues that should be computed,
as incomes coming from knowledge transfer activities are closely related to the quality of
the HEI perceived by its stakeholders (Cohn, Sherrie, Rhine & Santos, 1989). These
incomes manifest themselves in the form of research incomes (overall, from projects
and/or grants, from contracts and/or other sources) (Martin, 2006) and license agreements
(Ken et al., 2009).Nevertheless, problems with third mission dimensions remain on the
impediments to collect appropriate data (many HEIs are still reluctant to make visible
such financial results), as well as on the complexity of accepting and justifying in the
public arena that public funds can be used to generate institutional benefits.

4.8. Overall measures

Lastly, Table 8 depicts how the overall perception of HEIs is assessed. This dimension
can be constructed by internal surveys among students, staff and managers (e.g., provosts,
vice chancellors and deans) (Johnes & Yu, 2008) or by external sources such as the
scores obtained in external rankings (Celik & Ecer, 2009).

Table 8. Overall perception.

Dacerintian Llca Model Ciim Total
DESEHpHeR 56 >EHR ot
G T R KT
tarnal ranki I 0 1
—Externalrankings 1
0] 1 1
ntarnal criryzavye I O 1
+HHeFRa-SHREYS -
0 1 1
0 1 1 0 2

5. Discussion

In a knowledge-driven and globalised world where everyone competes with the other and
society demands more transparency in the autonomous governance of public institutions,
universities are trying to find an adequate balance of their three core missions assuming
new roles and responsibilities. In this framework, the evaluation of HEIs has gained
prominence, and a general interest in rating them through efficiency studies using a DEA
approach has increased since the 1980s. DEA is a well-known non-parametric approach
that fits particularly well with universities’ requirements, reporting valuable information
about how to improve efficiency but also enabling comparisons with universities with
similar behaviours. Papers dealing with this topic can be found in abundance. However,
far from converging into a unique formula, the inherent controversy of such evaluative
and ranking procedures assists their diversification.

Aiming to contribute to a better understanding of the indicators and mechanisms used in
the evaluation of HEIs’ performance, in this paper we have undertaken an extensive
literature review of DEA-HEI papers published during the last decade, providing an
overview of how to proxy resources (inputs) and university’s results (outputs). In order to
study these proxies, we have classified the indicators identified according to their nature,
and resulting in seven categories: financial resources, human capital resources,
infrastructures, teaching, research, third stream measures and overall perception.

From the in-depth analysis of the papers reviewed it has been possible to observe that
different structures and missions nested in regional contexts, cultures and conditions of
possibility make difficult to converge in the way of assessing HEIs’ performance, and in
particular, their efficiency. There are just too many factors at the system level that are
almost impossible to control simultaneously (Salerno, 2004). The examined papers
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corroborate this fact by identifying 61 different measures, many with similar scopes but
little nuances, that make cross-country comparisons even more difficult. Yet, some
dimensions can be used either as inputs or as outputs. For instance, discrepancies are
found in the “number of students enrolled”, which used as an input quantify how many of
them have successfully completed the degree; whereas as an output denotes the quality of
the university in terms of students’ demand. Also, indicators expressing scientific
research and knowledge transfer results are somehow difficult to be distinguished,
especially research results and revenues arising from a commercialisation process. A
clear example is for example the case of patents, where there is still a soft boundary
whether they should be considered as an outcome of the second or the third mission.

Regarding data availability, incomplete records and non-homogenous procedures to
collect information amongst different universities hinder the characterisation process of
indicators to assess the performance of HEIs. Thus, measures used are usually the easiest
to be obtained but not the best to express a particular asset. Consequently, the validity of
the scores obtained is uncertain for questioning the suitability of the metrics employed. It
is interesting to highlight that any of the studies reviewed employ the spin-off activity as
an output of the third mission. This fact can be explained by several factors: the lack of an
entrepreneurial culture inside the academic system; the non-existence of an appropriate
rewarding system for academics involved in starting up new ventures; the novelty of
considering the spin-off activity as a natural mechanism for exploiting the knowledge
generated at HEIs; or the absence of a systematic register of the number of spin-offs
created for all the DMUs to be included in the analysis. This trend is expected to change
substantially in the forthcoming years, as universities are seriously considering spinning-
off as an important function to be enhanced. Although it is extremely important to
evaluate the overall performance of universities, as general models consider multitask
challenges (where activities are sometimes substitutive but others complementary), an
individual approach focusing on each mission independently is also needed. Here, critical
issues in the ways of comparing institutions emerge: Is it fair to compare entire
universities? Does really one size fit all? Only after analysing disciplines, fields or
missions attaining the specific dimensions, can a global balance of HEIs make completely
sense. From the literature review we have conducted, it becomes clear that the evaluation
of HEIs has produced an enormous interest in both academics and policy-makers,
encouraging and influencing the rationalisation of institutions and the professionalisation
of services, transforming the way they liaise and collaborate with each other (Hazelkorn,
2009). This paper has demonstrated the complexity that universities entail, and that
boundaries between some measures and missions are still not clear enough.

Although we are aware of the difficulty in reaching an agreement on the use of
indicators, we hope this study help academics and policy makers better understand the
current status of the state of the art while give assistance to the establishment of fair and
reliable indicators to assess and rank universities according to their performance.
References
Abbott, M. and Doucouliagos, C. (2003). “The efficiency of Australian universities: a data envelopment
analysis”, Economics of Education Review, 22 (1), pp. 89-97.

Abramo, G., D’Angelo, C.A. and Pugini, F. (2008). “The measurement of Italian universities’ research
productivity by a non parametric-bibliometric methodology”, Scientometrics, 76 (2), pp. 225-244.

Agasisti, T. and Dal-Bianco, A. (2009). “Reforming the university sector: effects on teaching efficiency
- evidence from Italy”, Higher Education, 57 (4), pp. 477-498.

43



Regional and Sectoral Economics Studies Vol. 12-3 (2012)

Archibald, R.B. and Feldman, D.H. (2008). “Graduation rates and accountability: Regressions versus
production frontiers”, Research in Higher Education, 49 (1), pp. 80-100.

Avkiran,N.K. (2001). “Investigating technical and scale efficiencies of Australian Universities through
data envelopment analysis”, Socio-Economic Planning Sciences, 35 (1), 57-80.

Bonaccorsi, A. and Daraio, C. (2005). “Exploring size and agglomeration effects on poblic research
productivity”, Scientometrics, 63 (1), pp. 87-120.

Caballero, R., Galache, T., Gbmez, T., Molina, J. and Torrico, A. (2004). “Budgetary allocations and
efficiency in the human resources policy of a university following multiple criteria”, Economics of
Education Review, 23 (1), 67-74.

Casu, B. and Thanassoulis, E. (2006). “Evaluating cost efficiency in central administrative services in
UK universities”, Omega, 34 (5), pp. 417-426.

Celik, O. and Ecer, A. (2009). “Efficiency in accounting education: Evidence from Turkish
Universities”, Critical Perspectives on Accounting, 20 (5), pp. 614-634.

Chang , D., Wu, C., Ching, G.S. and Tang, C. (2009). “An evaluation of the dynamics of the plan to
develop first-class universities and top-level research centers in Taiwan”, Asia Pacific Education
Review, 10 (1), pp. 47-57.

Charnes A., Cooper, W.W. and Rhodes, E. (1978). “Measuring the efficiency of decision making
units”, European Journal of Operational Research, 2 (6), pp. 429-444.

Chatterton, P. and Goddard, J. (2000). “The response of higher education institutions to regional needs”,
European Journal of Education, 35 (4), pp. 475-496.

Coates, H. (2007). “Universities on the catwalk: Models for performance rankings in Australia”, Higher
Education Management and Policy, 19 (2), pp. 1-17.

Coccia, M. (2008). “Measuring scientific performance of public research units for strategic change”.
Journal of Informetrics 2, no. 3, pp. 183-194.

Cohn,E., Sherrie, L., Rhine, L. and Santos, M. (1989). “Institutions of higher education as multi-product
firms: economies of scale and scope”, The Review of Economics and Statistics, 71 (2), pp. 284-290.

Cooper, W.W., Seiford, L.M. and Tone, K. (2000). Data Envelopment Analysis: Theory, methodology,
and applications, references and DEA-solver software. Kluwer Academic Publishers, Boston.

Daghbashyan, Z. (2009). “Do University Units Differ in the Efficiency of Resource Utilization? A case
study of the Royal Institute of Technology (KTH), Sweden”, Working Paper Series in Economics and
Institutions of Innovation, 176. Centre of Excellence for Science and Innovation Studies, Royal Institute
of Technology, at Stockholm, Sweden.

Debreu,G.(1951).“The Coefficient of Resource Utilization”,Econometrica,19 (3), pp.273-292.

Del-Palacio, 1., Solé, F. and Berbegal, J. (2011). “Which services support research activities at
universities?”, The Service Industries Journal, 31 (1), pp. 39-58.

Duh. R.R. and Kuo, J.S. (2006). “Law and university efficiency: The amendment of the university law
in Taiwan”, Proceedings of the 2006 Joint Conference on Information Sciences, October 8-11, in
Kaohsiung, Taiwan.

Eccles, C. (2002). “The use of university rankings in the United Kingdom”, Higher Education in
Europe, XXVII (4), pp. 423-432.

Emrouznejad, A., and Thanassoulis, E. (2005). “A mathematical model for dynamic efficiency using
data envelopment analysis”, Applied Mathematics and Computation, 160 (2), pp. 363-378.

Etzkowitz, H. and Leydesdorff, L. (1997). Universities in the global economy: A Triple Helix of
university industry government relations. Cassell Academic, London.

European Parliament. (2000). Lisbon European Council, 23-24 March 2000. Presidency Conclusions.
[http://www.europarl.europa.eu/summits/lisl_en.htm, retrieved January 2011].

Fandel, G. (2007). “On the performance of universities in North Rhine-Westphalia, Germany:
Government’s redistribution of funds judged using DEA efficiency measures”, European Journal of
Operational Research, 176 (1), pp. 521-533.

44


http://www.europarl.europa.eu/summits/lis1_en.htm

Berbegal, J. and Solé , F. Wat are we measuring when evaluating universities’ efficiency?

Farrell, M.J. (1957). “The measurement of productive efficiency”, Journal of the Royal Statistical
Society, 120 (3), pp. 253-290.

Garcia-Aracil,A. and Palomares-Montero,D.(2010). “Examining benchmark indicator systems for the
evaluation of higher education institutions”, Higher Education, 60 (2), pp. 217-234.

Garcia-Aracil, A., and Palomares-Montero, D. (2008). Methodological problems to measure university
efficiency in relation with its geographical localization. Paper presented at the International
Technology, Education and Development Conference 2008, March 3-5, in Valéncia, Spain.

Garlick, S. and Langworthy, A. (2008). “Benchmarking university community engagement: Developing
a national approach in Australia”, Higher Education Management and Policy, 20 (2), pp. 1-12.
Gibbons, M., Limoges, C., Nowotny, H., Schwartzman, S., Scott, P. and Trow, M. (1994). The new
production of knowledge. Sage, London.

Gimenez, V.M. and Martinez, J.L. (2006). “Cost efficiency in the university: A departmental evaluation
model”, Economics of Education Review, 25 (5), pp. 543-553.

Glass, J.C., McCallion, G., McKillop, D.G., Rasaratnama, S. and Stringer, K.S. (2006). “Implications of
variant efficiency measures for policy evaluations in UK higher education”, Socio-Economic Planning
Sciences, 40 (2), pp. 119-142.

Halkos,G.E., Tzeremes,N.G. and Kourtzidis.S.A.(2010).“A DEA approach for measuring university
departments’efficiency”, Munich Personal RePEc Archive, Working Paper 24029.

Hazelkorn, E. (2009). “Rankings and the battle for world-class excellence: Institutional strategies and
policy choices”, Higher Education Management and Policy, 21 (1), pp. 1-22.
Hazelkorn,E.(2005).University research management: Developing research in new institutions. OECD.
Holland, B.A. (2001). “Toward a definition and characterization of the engaged university”,
Metropolitan Universities, 2 (3), pp. 20-29.

Johnes, J. (2006). “Data envelopment analysis and its application to the measurement of efficiency in
higher education”, Economics of Education Review, 25 (3), pp. 273-288.

Johnes,J. and Yu,L.(2008). “Measuring the research performance of Chinese higher education
institutions using data envelopment analysis”, China Economic Review, 19 (4), pp. 679-696.

Johnes, G., Johnes, J., Thanassoulis, E., Lenton, P. and Emrouznejad, A. (2005). ”An exploratory
analysis of the cost structure of higher education in England”. Research Report, RR641. Lancaster
University Management School.

Kao, C. and Hung, H.T. (2008). “Efficiency analysis of university departments: An empirical study”,
Omega, 36 (4), pp. 653-664.

Katharaki, M. and Katharakis, G. (2010). “A comparative assessment of Greek universities’ efficiency
using quantitative analysis”, International Journal of Educational Research, 49 (4/5), pp. 115-128.
Ken, Y., Huang, T., Wu, C.H. and Shiu, S.H. (2009). “Super-efficiency DEA model for evaluating
technology transfer performance of US university”, Portland International Conference on Management
of Engineering & Technology (PICMET), August 2-6, in Portland, Oregon, USA.

Kongar,E.,Pallis,J.M. and Sobh, T.M.(2010). “Non-parametric approach for evaluating the performance
of engineering schools”, International Journal of Engineering Education, 26 (5), pp. 1210-1219.
Koopmans, T. (1951). “An analysis of production as an efficient combination of activities”. In: T.C.
Koopmans (ed.) (1951): Activity analysis of production and allocation. Wiley, New York, pp.33-97.
Korhonen, P., Tainio, R. and Wallenius, J. (2001). “Value efficiency analysis of academic research”,
European Journal of Operational Research, 130 (1), pp. 121-132.

Lee, H.Y. and Park, Y.T. (2005). “An international comparison of R&D efficiency: DEA approach”,
Asian Journal of Technology Innovation, 13 (2), pp. 207-222.

Marginson, S. and van der Wende, M. (2007). “To rank or to be ranked: The impact of global rankings
in higher education”, Journal of Studies in International Education, 11 (3/4), pp. 306-329.
Martin,E.(2006). “Efficiency and quality in the current higher education context in Europe: an
application of the data envelopment analysis methodology to performance assessment of departments
within the University of Zaragoza”, Quality in Higher Education,12(1),pp.57-79.

45



Regional and Sectoral Economics Studies Vol. 12-3 (2012)

McMillan, M.L., and Chan, W.C. (2006). “University efficiency: A comparison and consolidation of
results from stochastic and non-stochastic methods”, Education Economics, 14 (1), pp. 1-30.

Montesinos, P.; Carot, J.M.; Martinez, J.M. & Mora, F. (2008). “Third Mission Ranking for World
Class Universities: Beyond Teaching and Research”, Higher Education in Europe, 33 (2), pp. 259-271.
Moreno Becerra, J.L. (1998). Economia de la Educacion. Piramide, Madrid.

Nan-bin, X. and Jing, X. (2009). “The Efficiency Evaluation of the College Which Based on DEA”.
First International Workshop on Education Technology and Computer Science (IEEE), March 7-8, in
Wuhan, Hubei, China.

Ng, Y.C. and Li, S.K. (2000). “Measuring the research performance of Chinese higher education
institutions: An application of data envelopment analysis”, Education Economics, 8 (2), pp. 139-156.
Qingyun, R., Ya, Z. and Kegiang, L. (2010). “Benefit analysis of talents training in the universities
directly under Chinese Ministry of Education”, International Conference on Computational Intelligence
and Software Engineering (CiSE), December 10-12, in Wuhan, Hubei, China.

Ray, S.C. (2004). Data Envelopment Analysis: Theory and Techniques for Economics and Operations
Research. Cambridge University Press, New York.

Rhodes, E. (1978). Data Envelopment Analysis and related approaches for measuring the efficiency of
decision making units with an application to Program Follow Throttgh in US Education, PhD
dissertation. Carnegie-Mellon University, School of Urban and Public Affairs, Pittsburgh.

Rousseau, S. and Rousseau, R. (1997). “Data Envelopment Analysis as a tool for constructing
scientometric indicators”, Scientometrics, 40 (1), pp. 45-56.

Salerno, C. (2004). What we know about the efficiency of higher education institutions: The best
evidence. The Center for Higher Education Policy Studies, University of Twente.

Salmi, J. and Saroyan, A. (2007). “League tables as policy instruments: Uses and misuses”, Higher
Education Management and Policy, 19 (2), pp. 31-68.

Sarrico, C.S., Rosa, M.J., Teixeira, P.N. and Cardoso, M.F. (2010). “Assessing Quality and Evaluating
Performance in Higher Education: Worlds Apart or Complementary Views?”,Minerva, 48(1), pp.35-54.
Shattock, M. (2009). “Entreprencurialism and organizational change in higher education”. In: M.
Shattock (ed.): Entrepreneurialism in universities and the knowledge economy. Society for Research
into Higher Education and Open University Press, Maidenhead:, pp.1-8.

Shin, J.C., Toutkoushian, R.K. and Teichler, U. (2011). University rankings. Theoretical basis,
methodology and impacts on global higher education. Springer, New York.

Taylor, B. and Harris, G. (2004). “Relative efficiency among South African universities: A data
envelopment analysis”, Higher Education, 47 (1), pp. 73-89.

Thanassoulis, E., Kortelainen, M., Johnes, G. and Johnes, J. (2009). “Costs and efficiency of higher
education institutions in England: A DEA analysis”, Working Paper, 005896. Lancaster University
Management School, Economics Department.

Thursby, J.G. and Thursby, M.C. (2002). “Who is selling the Ivory Tower? Sources of growth in
university licensing”, Management Science, 48 (1), pp. 90-104.

Toth, R. (2008). “Using DEA to evaluate efficiency of higher education”. Apstract: Applied Studies in
Agribusiness and Commerce, Agroinform Publishing House, Budapest, Conference Papers, pp. 79-82.
Van Vught, F. (2009). “The EU innovation agenda: Challenges for European higher education and
Research”, Higher Education Management and Policy, 21 (2), pp. 1-22.

Warning, S. (2004). “Performance differences in German higher education: Empirical analysis of
strategic groups”, Review of Industrial Organization, 24 (4), pp. 393-408.

Zhu, D., Zeng, D. and Ren, L. (2010). “R&D efficiency evaluation on innovation entities in China: The
use of DEA model”, International Conference on e-Product e-Service and e-Entertainment (ICEEE),
November 7-9, in Henan, China.

Journal published by the EAAEDS: http://www.usc.es/economet/eaa.htm
46


http://www.usc.es/economet/eaa.htm

